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In spite of playing an important ecological role as pollinators of tropical ecosystems, orchid bees are still poorly known regarding
their floral resources. Aiming at a better comprehension of the importance of different plants visited by the Euglossini and,
consequently, their role in the maintenance and reproduction of plant species in tropical ecosystems, this study aimed at identifying
the flowers visited by those bees in two different areas of the Atlantic Forest in the northern coast of the state of Sao Paulo,
Brazil. Sampling was carried out from August 2007 to July 2009 in two coastal ecosystems in Ubatuba, Brazil. In order to obtain
information on flower resources collected by Euglossini bees in loco, all bees observed on flowers were collected, pollinaria of
Orchidaceae occasionally attached to the body of males were identified, and the pollinic analysis of 68 females was carried out. One
hundred twelve bees from 14 species were associated to 105 plant species which represented pollen, nectar, resin, and fragrances

sources. These data reinforce the relevance of orchid bees to the maintenance and reproductive success of many tropical plants.

1. Introduction

There is evidence that Euglossini bees play an important
ecological role in the maintenance and reproductive success
of a wide range of plant species in tropical ecosystems [1—
3]. Females visit the plants to collect resin, which is used for
nest building as well as nectar and pollen, which are used for
provisioning brood cells [4-10]. They have specific foraging
routes, known as “traplines,” which are followed for several
days such that the same flowering plant specimens are visited
in a particular sequence. This behaviour implies fidelity to
collection sites, and Janzen [11] reported that the females
can fly considerable distances quickly, which ensures that a
given foraging route can cover a large area. This observation
by Janzen [11] is related to the fact that the plants producing
food are often widely dispersed in a given area and produce
few flowers per day, offering high-quality resources over long
periods. Similar to females, Euglossini males are also able to
fly quickly and over long distances in search of resources to

meet their needs [11-13] and may feed on nectar from the
same plants utilised by females [4].

It is estimated that approximately 10% of the 600
to 700 species of the Orchidaceae family are pollinated
exclusively by male orchid bees, who visit them to col-
lect floral fragrances [14—17]. These aromatic substances
are also collected from plants of several other families,
such as Gesneriaceae [18]; Araceae [19]; Euphorbiaceae
[20]; Haemodoraceae [21]; Apocynaceae, Loganiaceae, and
Malvaceae [22]; Solanaceae [23]; Pentaphylacaceae [24];
Lecythidaceae [25]; Clusiaceae [26]; Amaryllidaceae [27],
Bromeliaceae [28], Annonaceae [29], and Plantaginaceae
[30], and are stored by males in their modified hind tibias
[31, 32] to be released later, presumably to attract females for
mating [33, 34].

Plant species from several families have Euglossini as
their primary pollinators due to the morphological, ecolog-
ical, and behavioural characteristics of these bees, including
their long tongue, the use of resin for nest construction, the



female behaviour of buzz-pollination, and the collection of
floral fragrances by males [35-40].

Information on the flora visited by the Euglossini is
based on direct observations made in loco [35, 41] that
are dispersed among bee surveys and studies on plant
reproductive biology, many of which are gathered in com-
pilations of data such as the study by Ramirez et al. [42].
It is notable that techniques such as pollen analysis that
provide information about the floral resources collected by
bees through indirect evidence have been little explored in
studies involving Euglossini species [43—45]. Knowledge of
the floral resources utilised by the orchid bees enables a better
understanding of the importance of the different plants
visited during the life cycle of these bees and, consequently,
their role in the reproductive biology and maintenance of
plant species in tropical ecosystems.

Interaction networks between plants and insects have
been used to represent plant-pollinator relationships and
to describe the processes, structure, and generalisations of
these networks [46, 47]. According to Bezerra et al. [48],
the ecological service of pollination is composed of a mosaic
of different subservices with a hierarchical structure, of
networks within networks, which is particularly evident
in phylogenetic groups. Thus, the present study aimed to
identify the floral resources collected by Euglossini bees in
two Atlantic Forest areas on the northern coast of Sao Paulo.

2. Materials and Methods

2.1. Study Areas. Samplings were conducted monthly
between 9:00 and 15:00 in the period from August 2007
to July 2009 in two areas: the Picinguaba area of Parque
Estadual da Serra do Mar (PESM) and Parque Estadual da
Ilha Anchieta (PEIA).

The PESM (23°21'51.7"S, 44°49'56.9”"W) has a total
area of 47,500 ha, which contains practically all of the ecosys-
tems that are representative of the Atlantic Forest biome,
from mangroves and highly diverse coastal plain vegetation
to small areas of high altitude grasslands at its highest
elevations, such as the “Pedra do Espelho” (1670 m) and the
peaks of Corcovado (1150 m) and Cuscuzeiro (1275 m) in
Ubatuba. The Picinguaba area is the only stretch of the PESM
that reaches sea level, thus protecting coastal ecosystems.

The PEIA (23°32/25.0"'S, 45°04'15.5""W) covers a total
area of 828 ha, which corresponds to the full extent of Anchi-
eta Island, which is separated by approximately 600 m from
the mainland. Many ecosystems of the Atlantic Forest are
also present on the island, and the vegetation of these areas
was described by Guillaumon et al. [49] and follows Rizzini
[50]: anthropic fields (Campo antr6pico), whose dominant
vegetation is herbaceous and most commonly found families
are Poaceae, Melastomataceae, and some ferns; rocky shore,
characterised by the predominance of herbaceous and thin
vegetation, with high indices of humidity and luminosity,
and whose most common families are Araceae, Marantaceae,
Sapindaceae, Rubiaceae, Piperaceae, Bromeliaceae, Fabaceae,
Cactaceae, and Arecaceae; Atlantic Forest: dense Atlantic
Forest in the northeast sector of the island and thin Atlantic
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Forest in the southwest, which are predominantly composed
of the families Fabaceae, Arecaceae, Rubiaceae, Melastomat-
aceae, Meliaceae, Salicaceae, Clusiaceae, Araceae, Malvaceae,
Bignoniaceae, Piperaceae, Polypodiaceae, and Urticaceae;
Gleichenia areas: dense patches of vegetation consisting of
individuals of the Gleicheniaceae family; mangroves: vege-
tation that is not very substantial, with some individuals of
Avicennia L. (Acanthaceae) and Acrostichum L. (Pteridaceae);
restinga: a coastal vegetation that varies from sparse to
transitional broadleaf forest, and whose most commonly
observed families are Bromeliaceae, Myrtaceae, Anacar-
diaceae, Cyperaceae, Araceae, Cactaceae, Poaceae, Fabaceae,
Arecaceae, Polypodiaceae, and Gleicheniaceae [51].

2.2. Samplings of Bees. Three sampling methods were used
in order to identify the floral sources visited by orchid
bees: sampling of males using scent baits, observations, and
collections of both females and males on flowers and the
pollen analysis of females collected both on flowers, in flight
or at scent baits.

Male bees’ samplings by scent baits were performed
along two distinct trails: the “Picaddo da Barra” Trail
(23°21'51.7"'S, 44°49'56.9""W, altitude 3 m), which was used
in the first year of study between August 2007 and July 2008,
and the “Guanambi” Trail (23°21'37.0”S, 44°50'52.9"W,
altitude 3 m), where censuses were conducted in the second
year, between August 2008 and July 2009. As in the Picin-
guaba area, two trails were utilised for the census of males
with scent baits: in the first year, the “Praia das Palmas”
Trail (23°32'25.0"'S, 45°04'15.5”"W, sea level) and, in the
second year of samplings, the “Represa” Trail (23°32'27.3"S,
45°03'58.9""W, altitude 18 m).

To obtain information on the floral resources collected
by both females (pollen, resin, and nectar) and males (nectar
and floral fragrances), all of the flowering species present
within 50 m of the trails used for the collection of males with
scent baits were observed, monitored, and identified. The
collection behaviour of bees as well as the resources collected
was also recorded.

2.3. Pollinaria. During the screening of the collected mate-
rial, Orchidaceae pollinaria that were occasionally found
attached to the bodies of the males were removed and placed
in individual vials containing 70% alcohol for preservation
and identification.

2.4. Pollen Analysis. Due to the scarcity of pollen grains in
males, pollen analysis was performed only for the 68 col-
lected females, which were distributed among nine species:
Eufriesea dentilabris (Mocsary, 1897) (N = 2), Eufriesea
smaragdina (Perty, 1833) (N = 1), Eufriesea surinamensis
(Linnaeus, 1758) (N = 1), Euglossa cordata (Linnaeus, 1758)
(N = 8), Euglossa stellfeldi (Moure, 1947) (N = 5), Euglossa
townsendi (Cockerell, 1904) (N = 1), Eulaema cingulata
(Fabricius, 1804) (N = 4), Eulaema helvola (Moure, 2003)
(N = 4), and Eulaema seabrai (Moure, 1960) (N = 46).
The contents of the corbiculae of these females were removed
with forceps and placed in vials containing absolute glacial
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acetic acid for subsequent mounting on slides for light
microscopy according to the acetolysis protocol described by
Erdtman [52]. After the process of acetolysis, pollen grains
were placed in test tubes containing 50% glycerine for at
least 24 hours. Small amounts of acetolysed material were
deposited on slides containing glycerol gelatine.

To identify the types of pollen on the slides, samples
were collected from the anthers of herbarium specimens
deposited at the Herbarium of the Universidade Estadual
de Campinas (UEC), the Herbarium Rioclarense (HRCB),
and the Herbarium of the Departamento de Biologia da
Faculdade de Filosofia, Ciéncias e Letras de Ribeirao Preto
(SPFR). The identification of the pollen grains as pollen,
resin, or nectar sources was carried out based on the
occurrence of the pollen types at the slides and also according
to the floral morphology and the available floral resources of
the plant species. The morphology of orchid bee species and
literature information concerning their collection behaviour
on flowers were also considered. Many of these herbarium
specimens came from floristic surveys and/or collections
conducted in Ubatuba, around Picinguaba and on Anchieta
Island, and were accessed through the SpeciesLink network
database [53]. The slides made with the anthers removed
from herbarium specimens as well as those with anthers
collected locally, were deposited at the Laboratério de Pali-
noecologia of the Departamento de Biologia da Faculdade de
Filosofia, Ciéncias e Letras de Ribeirao Preto.

2.5. Interaction Networks. Interaction networks were con-
structed using qualitative interaction matrices for Euglossini
males and females and the plants that these bees used as
resources. In the matrices, the rows represented plant species
and the columns represented the bee species. The matrices
recorded the presence (1) or absence (0) of an interaction
between a given plant and a bee species. Collections of resin
and fragrance were also considered interactions. Networks
representing the interactions established between bees and
pollen sources (females only) and nectar (males and females)
were also analyzed to better assess the types of interactions
established. Resin and fragrance were not plotted because
both resources occurred in a few interactions and they were
only represented at Figure 1. The significance of NODF
was estimated using a Monte Carlo procedure with 1000
randomizations using the null model Ce in the computer
software ANINHADO 3.0 [54]. The interaction networks
were constructed in the form of bipartite graphs by the
bipartite package of the R program [55]. Connectance was
also calculated using the same package. Because collections
were carried out in the same biome (Atlantic Forest) using
the same methodology and sampling effort, the data were
analysed together.

3. Results

3.1. Observations in Flowers. In the Atlantic coastal ecosys-
tems studied, 112 bees were collected belonging to 14
species, which were associated with 105 species of plants.
Ten Euglossini species, represented by 79 individuals, were

sampled in a total of 21 plants in the Ubatuba region
(Table 1). In Picinguaba, ten bee species were sampled: Ef.
dentilabris, Ef. surinamensis, Euglossa iopoecila Dressler, 1982,
Eg. stellfeldi, Eg. townsendi, El cingulata, and El seabrai,
whereas on Anchieta Island, the species Ef. smaragdina, Eg.
cordata, Eg. stellfeldi, EL. cingulata, El. helvola, and El. seabrai
visited the flowers of ten plants. In addition to the two
areas studied, there is also a record of El seabrai males
on inflorescences of Anthurium andraeanum at the base of
the Instituto Oceanografico da Universidade de Sao Paulo—
IO/USP, located near the “Saco da Ribeira” marina, which is
the point of access for Anchieta Island.

Regarding the floral resources collected, five species of
flowers were visited exclusively by females to collect pollen,
and 15 plants were used as sources of nectar for both males
and females (Table 1). On Anchieta Island, in addition to
the native species of the Atlantic Forest biome, exotic plants
were also visited by Euglossini bees to collect floral resources.
These exotic species included ornamental Alpinia zerumbet,
Thunbergia alata, and Impatiens walleriana as well as papaya,
Carica papaya.

3.2. Pollinaria. Of the 1503 males collected in artificial
baits [56], only 32 (2.13%), represented by eight species,
carried pollinaria of ten Orchidaceae species (Table 2). Ten
orchid species from eight genera were identified, and only
the pollinaria of Catasetum hookeri and Cirrhaea fuscolutea
were found in males from more than one Euglossini species
(Table 2). With the exceptions of Catasetum hookeri, Catase-
tum socco, Cirrhaea dependens, and Cirrhaea fuscolutea, all
other orchids were found exclusively in one study area
(Table 2). All species of Orchidaceae found in the present
study provide only floral fragrances as a resource for male
Euglossini visiting their flowers (R. B. Singer, pers. comm.).

3.3. Pollen Analysis. Of the 68 females whose pollen grains
were collected for pollen analysis, only four of them (all Eg.
stellfeldi) carried no pollen grains. With the exception of
females collected in scent baits (15 El seabrai females and one
Eg. cordata) or captured in flight (a female of EL cingulata
and one of El. seabrai), the other 46 samples were from
females that visited flowers. Most of the material analysed
was collected at Anchieta Island, which included 50 samples
from six species (Ef. smaragdina, Eg. cordata, Eg. stellfeldi, EL
cingulata, El. helvola, and EL seabrai); only 14 samples of four
species (Ef. dentilabris, Ef. surinamensis, Eg. townsendi, and
El seabrai) were obtained from Picinguaba.

In total, 87 pollen types were identified belonging to 68
species from 24 families and 19 unidentified taxa. These 19
taxa were found in pollen samples from Ef. surinamensis (two
taxa), Eg. cordata (four taxa), Eg. stellfeldi (two taxa), Eg.
townsendi (one taxon), El. seabrai (12 taxa), El helvola, and
El cingulata (one taxon each). Four of the unidentified taxa
were found in pollen samples from eight bee species. Of the
15 plant species in which females were collected on flowers,
only pollen grains of Alpinia zerumbet, Ipomoea tiliacea, and
Temnadenia odorifera were not found in the samples, whereas
pollen from Canistropsis seidelii, a species that was visited by
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FiGure 1: Network of interactions between plants and bees of the Euglossini tribe in two areas of the Atlantic Forest: Picinguaba and Anchieta
Island, Ubatuba, SP. Bee species: El.sea—El. seabrai; Eg.cor—Eg. cordata; El.cin—El cingulata; El.hev—EL. helvola; Ef.sur—Ef. surinamensis;
Eg.ste—Eg. stellfeldi; Eg.tow—Eg. townsendi; Ef.den—Ef. dentilabris; Ef.vio—Ef. violacea; Eg.iop—Eg. iopoecila; Ef.sma—Ef. smaragdina;
Eg.rod—Eg. roderici; Eg.sap—Eg. sapphirina; Ex.sma—Ex. smaragdina. Plant species abbreviations are given at Table 3.
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TasLE 1: Plant species visited and flower resources collected by Euglossini bees around Ubatuba between August 2007 and July 2009.

Families Plant species Resources Areas
Acanthaceae Thunbergia alata Bojer ex Sims Nectar Anchieta Island
Mandevilla hirsuta (A.Rich.) K.Schum. Nectar Picinguaba
Apocynaceae . . .
Temnadenia odorifera (Vell.) J.E.Morales Nectar Picinguaba
Araceae Anthurium andraeanum Linden Fragrance 10/USP
Balsaminaceae Impatiens walleriana Hook.f. Nectar Anchieta Island
. . Adenocalymma comosum (Cham.) DC. Nectar Anchieta Island
Bignoniaceae o
Jacaranda puberula Cham. Nectar Picinguaba
Bromeliaceae Canistropsis seidelii (L.B.Smith and Reitz) Leme Nectar Picinguaba
Caricaceae Carica papaya L. Nectar Anchieta Island
Commelinaceae Dichorisandra hexandra (Aubl.) Kuntze ex Hand.-Mazz. Pollen Picinguaba
Convolvulaceae Ipomoea tiliacea (Willd.) Choisy Nectar Picinguaba
Fabaceae Clitoria fairchildiana R.A.Howard Nectar Anchieta Island
Calathea cylindrica (Roscoe) K.Schum. Nectar Anchieta Island
Marantaceae o
Calathea monophylla (Vell.) Korn. Nectar Picinguaba
Tibouchina clavata (Pers.) Wurdack Pollen Picinguaba
Melastomataceae . . B .
Tibouchina regnellii Cogn. Pollen Picinguaba
Pentaphylacaceae Ternstroemia brasiliensis Cambess. Pollen Anchieta Island
Rubiaceae Sabicea cinerea Aubl. Nectar Picinguaba
Solanaceae Solanum insidiosum Mart. Pollen Anchieta Island
Verbenaceae Stachytarpheta cayennensis (Rich.) Vahl Nectar Anchieta Island
Zingiberaceae Alpinia zerumbet (Pers.) B.L.Burtt and R.M.Sm. Nectar Anchieta Island

TaBLE 2: Species of Orchidaceae whose pollinaria were found attached to the bodies of male Euglossini collected in Picinguaba and Anchieta

Island, Ubatuba, SP. P: Picinguaba, A: Anchieta Island.

Orchids species

Euglossine species

Areas N = 32%

Bifrenaria harrisoniae (Hook.) Rchb.f.
Catasetum hookeri Lindl.

Catasetum socco (Vell.) Hoehne

Cirrhaea dependens (Lodd.) Loudon

Cirrhaea fuscolutea Lindl.

Gongora bufonia Lindl.

Huntleya meleagris Lindl.

Notylia sp.

Promenaea stapelioides (Link. and Otto) Lindl.
Warmingia eugenii Rchb.f.

Ef. violacea (15") A 1*

Eg. cordata (25), Eg. stellfeldi (75") Al, P? 9
Eg. stellfeldi (55") A3, P4

Eg. cordata (115") A% P 11

Ef. violacea (15"), Eg. iopoecila (23") A7, P8 3*

Ef. violacea (1) A 1*

El cingulata (15") P 1

Eg. sapphirina (1d") P 1

Ex. smaragdina (1) P 1

Eg. roderici (1) P 1

*Only one individual of Ef. violacea was collected, which carried pollinaria of Bifrenaria harrisoniae, Cirrhaea fuscolutea, and Gongora bufonia.
15 Eg. stellfeldi males and 1 Eg. cordata male, 22 Eg. stellfeldi males and 1 Eg. cordata male, >2 males, *3 males, >1 male, ©10 males, ”1 Ef. violacea male and 1

Eg. stellfeldi males, 82 Eg. iopoecila males.

only one male of Eg. stellfeldi, was identified from the slides.
Among all of the species of Euglossini, El. seabrai showed the
greatest number of pollen types (51) followed by Eg. cordata
(21) and El. cingulata (16).

Pollen was collected from 33 species represented by eight
families: Myrtaceae (N = 9 species), Clusiaceae (N =
1), Pentaphylacaceae (N = 1), Malpighiaceae (N = 3),
Solanaceae (N = 3), Melastomataceae (N = 11), Fabaceae

(subfamily Caesalpinioideae) (N = 3), and Commelinaceae
(N = 2). Dalechampia ficifolia was the only source of
resin identified in the samples from Eg. cordata and Eg.
stellfeldi. The 34 species of plants identified as nectar sources
were distributed among the families Acanthaceae (N = 2),
Amaranthaceae (N = 1), Apocynaceae (N = 3), Asteraceae
(N = 2), Balsaminaceae (N = 1), Bignoniaceae (N = 5),
Bromeliaceae (N = 6), Caricaceae (N = 1), Costaceae



TaBLE 3: Abbreviated plant names used to construct the interactions
are given. The 19 unidentified taxa were abbreviated as Ty. sp1, Ty.
sp2, and so on.

TasLE 3: Continued.
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Families/species Abbreviations
Acanthaceae

Thunbergia alata Bojer ex Sims Th.ala

Thunbergia grandiflora Roxb. Th.gra
Amaranthaceae

Hebanthe eriantha (Poir.) Pedersen Hb.eri
Apocynaceae

Mandevilla hirsuta (A.Rich.) K.Schum. Mn.hir

Mandevilla sp.1 Mn. spl

Temnadenia odorifera (Vell.) J.EMorales Te.odo

Type 1 Ap. spl
Araceae

Anthurium andraeanum Linden An.and
Asteraceae

Type 1 As. spl

Vernonanthura sp.1 Ve. spl
Balsaminaceae

Impatiens walleriana Hook.f. Im.wal
Bignoniaceae

Adenocalymma comosum (Cham.) DC. Ad.com

Jacaranda puberula Cham. Ja.pub

Lundia cordata (Vell.) DC. Lu.cor

Stizophyllum perforatum (Cham.) Miers Si.per

Tabebuia sp.1 Ta. spl

Type 1 Bi. spl

Type 2 Bi. sp2
Bromeliaceae

Aechmea organensis Wawra Ae.org

Aechmea pectinata Baker Ae.pec

Billbergia pyramidalis (Sims) Lindl. Bl.pyr

Canistropsis seidelii (L.B.Sm. and Reitz) Leme Cn.sei

Quesnelia arvensis (Vell.) Mez Qu.arv

Type 1 Br.spl
Caricaceae

Carica papaya L. Cc.pap
Clusiaceae

Kielmeyera petiolaris Mart. Ki.pet
Commelinaceae

Dichorisandra hexandra (Aubl.) Kuntze ex .

Hand.-Mazz. Di-hex

Dichorisandra thyrsiflora J.C.Mikan Di.thy
Convolvulaceae

Ipomoea tiliacea (Willd.) Choisy Ip.til
Costaceae

Costus arabicus L. Co.ara
Euphorbiaceae

Dalechampia ficifolia Lam. Da.fic
Fabaceae

Andira sp.1 An. spl

Clitoria fairchildiana R.A.Howard Clfai

Crotalaria vitellina Ker Gawl. Cr.vit

Families/species Abbreviations
Inga marginata Willd. In.mar
Senna pfendula (Humb. and Bonpl. ex Willd.) Se.pen
H.S.Irwin and Barneby
Senna sp.1 Se. spl
Type Chamaecrista Ch. spl

Gesneriaceae
Nematanthus fissus (Vell.) L.E.Skog Ne.fis

Heliconiaceae
Heliconia angusta Vell. Hl.ang

Lamiaceae
Hyptis sp.1 Hy. sp1

Malpighiaceae
Heteropterys sp.1 He. spl
Type Banisteriopsis Ba. spl
Type 1 Ma. spl

Malvaceae
Type 1 ML spl

Marantaceae
Calathea cylindrica (Roscoe) K.Schum. Ca.cyl
Calathea monophylla (Vell.) Korn. Ca.mon

Melastomataceae
Tibouchina clavata (Pers.) Wurdack Ti.cla
Tibouchina gaudichaudiana (DC.) Baill. Ti.gau
Tibouchina cf. pulchra Cogn. Ti.pul
Tibouchina regnellii Cogn. Ti.reg
Tibouchina sp.1 Ti. spl
Type 1 Me. spl
Type 2 Me. sp2
Type 3 Me. sp3
Type 4 Me. sp4
Type 5 Me. sp5
Type 6 Me. sp6

Myrtaceae
Corymbia citriodora (Hook.) K.D.Hill and Cy«it
L.A.S.Johnson
Eucalyptus saligna Sm. Eu.sal
Eugenia cf. fusca O.Berg Eg.fus
Eugenia cf. monosperma Vell. Eg.mon
Eugenia sp.1 Eg. spl
Eugenia sp.2 Eg. sp2
Plinia edulis (Vell.) Sobral Pl.edu
Psidium sp.1 Ps. spl
Syzygium jambos (L.) Alston Sy.jam

Orchidaceae
Huntleya meleagris Lindl. Hu.mel
Notylia sp. No. spl
Promenaea stapelioides (Link. and Otto) Lindl. Pr.sta

Warmingia eugenii Rchb.f.

Wa.eug
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TasLE 3: Continued.

Families/species Abbreviations
Pentaphylacaceae

Ternstroemia brasiliensis Cambess. Tr.bra
Rubiaceae

Randia armata (Sw.) DC. Ra.arm

Sabicea cinerea Aubl. Sa.cin

Type 1 Ru. spl
Solanaceae

Solanum americanum Mill. So.ame

Solanum insidiosum Mart. So.ins

Solanum sp.1 So. spl
Verbenaceae

Stachytarpheta cayennensis (Rich.) Vahl St.cay
Zingiberaceae

Alpinia zerumbet (Pers.) B.L.Burtt and

R.i/[.Sm. rers) Alzer

(N = 1), Fabaceae (subfamilies Mimosoideae (N = 1) and
Faboideae (N = 3)), Gesneriaceae (N = 1), Heliconiaceae
(N = 1), Lamiaceae (N = 1), Malvaceae (N = 1), Rubiaceae
(N = 3), and Verbenaceae (N = 1).

Samples of pollen removed from females from Anchieta
Island revealed the presence of exotic species such as Thun-
bergia alata, Thunbergia grandiflora, Corymbia citriodora,
and Eucalyptus saligna, as well as Impatiens walleriana and
Carica papaya, which were exploited as sources of nectar.

3.4. Interaction Networks. A total of 153 qualitative inter-
actions between 105 species of plants and 14 Euglossini
species were identified in the present study. The interaction
network was nested (NODF 15.46, P > 0.05), the network
connectance was relatively high (0.106), with the asymmetry
of the interaction network evident in the bipartite graphical
representation (Figure 1), where a few species had many
interactions and many species were attributed with a single
interaction. Generally, plants had few interactions, with
Sabicea cinerea connected to five Euglossini species and
Carica papaya, Mandevilla sp., Eugenia cf. fusca, and Solanum
insidiosum to four species. Seventy-two plant species showed
only one network interaction. Bees, on the other hand,
showed a much higher number of interactions, with EL
seabrai being connected to 55 plant species, representing
35% of interactions. Euglossa cordata and El. cingulata also
stood out in their numbers of interactions with 24 and 20
interactions, respectively. Eufriesea smaragdina, Eg. roderici,
Eg. sapphirina, and Ex. smaragdina showed only a single
network interaction each. All of the types of resources offered
by plants to male and female Euglossini are included in the
interactions described.

Most of the observed interactions were based on two
types of resources, pollen and nectar, which were responsible
for 46% and 45% of interactions, respectively. Fragrance
resources were responsible for 8% of the interactions, and
resin contributed to only 1% of the total interactions.

Only three instances were recorded of males and females
sharing the same plant species in search of the same type
of resource, nectar. These instances were Eg. stellfeldi x
Impatiens walleriana, EI seabrai x Impatiens walleriana, and
EL cingulata x Clitoria fairchildiana.

The interaction networks grouped by nectar (Figure 2)
was also nested (NODF 23.24, P > 0.05), whereas the pollen
network (Figure 3) was not significantly nested (NODF
22.36, P = 0.38). Analyzing the interactions of bees with
the type of resource, nectar and pollen, offered by the plants,
it is possible to observe alternation in plant species that
offer each type of resource, and in both cases there is a
marked predominance of one plant species. Regarding bees
it is possible to observe in both types of floral resources
the dominance of some bee species by the offered resource.
The species El. seabrai interacted with the largest number of
nectar resources (22), followed by EL cingulata (12) and Eg.
cordata (11) (Figure 2). The bee species that had the highest
number of interactions with plants that provide pollen as
floral rewards were Ef. dentilabris (21), Ef. surinamensis (6)
and, Eg. cordata (6).

4. Discussion

As reported for other Euglossini species [35, 39, 43, 44, 57,
58], the species sampled in Ubatuba can also be characterised
as polylectic. This conclusion is supported not only by the
records of male and female bees on flowers but also the
analysis of pollen loads from the corbiculae and other parts
of the bodies of females, from which more than 100 plant
species exploited as sources of pollen, nectar, resin, and floral
fragrances were identified.

Results from the present study support findings from
previous studies that report that species of plants from
the Solanaceae, Fabaceae, and Melastomaceae families are
among the most important sources of pollen for Euglossini
species [44, 57-60]. This information strongly suggests that
Euglossini females exhibit certain consistency in collect-
ing pollen, particularly from species whose flowers have
poricidal anthers. According to Roulston et al. [61], the
protein content of pollen from these plants can reach up
to 48%, a substantial value that lies within the range of the
percentage of protein, 12-61%, found in grains of pollen
usually collected by bees.

In addition to species of the families Solanaceae,
Fabaceae, and Melastomaceae, Myrtaceae species are also
visited to obtain pollen, as observed in the present study and
reported by Bittrich et al. [62] for Euglossa sp., by Torezan-
Silingardi and Del-Claro [63] for El nigrita, and Falcao et
al. [64] for Eulaema mocsaryi (Friese, 1899). Euglossini bees
pollinate species lacking anthers with poricidal dehiscence
through a process of vibrating the anthers, known as “buzz-
pollination.” The Euglossini are also important pollinators of
species of Kielmeyera Mart. & Zucc. (Guttiferae) [65, 66],
which, like the Myrtaceae, also have flowers with numer-
ous stamens and longitudinal anthers. “Buzz-pollination”
behaviour allows for a smaller number of visits by bees to
these flowers in addition to being a more efficient method
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to obtain pollen, as a greater number of stamens are joined
and more anthers are vibrated at once [65]. According to
Buchmann [36], there are rare cases where the pollen is
collected through sonication in flowers with anthers lacking
poricidal openings; there are, as yet, no definite causes for
this, which could also be a “side effect” of the behaviour of
the bees.

Although the stems of some species, such as Protium
Burm.f. (Burseraceae), Anacardium L., and Spondias L.
(Anacardiaceae), can be scraped by Euglossini females to
obtain resin [4, 57], species of Clusia L. (Clusiaceae) are
also visited for the collection of that resource, which is
used in the construction of nests and brood cells [67, 68].
However, Dalechampia flowers (Euphorbiaceae) are most
commonly cited as major sources of resin for diverse species
of Eufriesea, Euglossa, and Eulaema [20, 38, 44, 58, 69, 70].
In the present study, the only identified source of resin was
a species of the genus Dalechampia, showing, once again,
the association of Euglossini species with a species of that
genus.

Analysing the pollinaria present in males collected at
Picinguaba, Singer, and Sazima [71] identified 11 species of
orchids belonging to nine genera. This result is similar to that
shown in the present study, in which the pollinaria of ten
species of Orchidaceae from eight genera were obtained. The
data of the present study added to the information obtained
from the region of Picinguaba by Singer and Sazima [71, 72],
Pansarin et al. [73], and Pansarin and Amaral [74] increase
the total numbers of Euglossini species and orchid species
present in that area to 15 and 14, respectively. Only 2.13% of
the 1503 males collected in Ubatuba for the present study
showed evidence of association with orchids. Similarly, in
the south of Minas Gerais State, Peruquetti et al. [45] found
pollinaria attached to males in only 0.58% of individuals
collected. These low percentages of males carrying pollinaria
corroborate the observations of Ackerman [22] that such
an occurrence is very uncommon in the males collected in
surveys.

Although orchids are the primary sources of floral
fragrances used by Euglossini males, plants of other families
are also visited to obtain this resource, such as Anthurium
andraeanum, from which males of EL seabrai were collected.
Sazima et al. [75], also in Ubatuba, observed males of
Euglossa mandibularis Friese, 1899 collecting fragrances in
the flowers of Solanum diploconos (cited as Cyphoman-
dra diploconos), and Soares et al. [23] recorded males
of the same species in Solanum latiflorum Bohs (cited
as Cyphomandra calycina) in Minas Gerais. Gracie [76]
observed that male Eufriesea convexa (Friese, 1899) and
Eufriesea elegans (Lepeletier, 1841) visited the flowers of
Solanum endopogon (Bitter) Bohs (cited as Cyphomandra
endopogon var. endopogon) to collect aromatic compounds.
Not only the flowers but also leaves, fruits, sap, fungi
that grow on rotting logs, mushrooms, and terrestrial bird
droppings are also sources of aromatic compounds exploited
by males [16, 77]. This information, together with the
low numbers of pollinaria found in males collected in
artificial baits [22], has led some authors [35, 39, 78]
to question the mutualism between male Euglossini and

Psyche

orchids. Pemberton and Wheeler [79] showed that males of
a species introduced in Florida, Euglossa viridissima Friese,
1899 did not depend on orchids, as they collected aromatic
oils in the leaves of cultivated species such as basil, Ocimum
basilicum L. (Lamiaceae), and allspice, Pimenta dioica (L.)
(Myrtaceae).

The collection of floral resources from exotic plants on
Anchieta Island could be a reflection of the long history
of human intervention on the island, which resulted in the
degradation of forest areas and the introduction of plant
species of economic interest such as coconut, Cocos nucifera
L. (Arecaceae), coffee, Coffea arabica L. (Rubiaceae), and
sugar cane, Saccharum officinarum L. (Poaceae), which were
cultivated during the period when the Correctional Colony
was active [49].

The network formed by oil-producing flowers (Malpighi-
aceae) and their pollinating bees was considered by Bezerra
et al. [48] as a “tiny world” within another small world of
pollination networks. In the present study, the “small world”
would be the study of plants visited by Euglossini bees. The
connectance found in the present study was superior to large
networks [80, 81] and very similar to that found in relatively
small networks [82, 83]; Biesmeijer et al. [84] showed a large
variation (7.2% to 37.1%) in the connectance of 27 networks
of social bees and their plants.

The asymmetry of the interactions in the present study,
whereby a few species have many interactions and many
species have few interactions in the network, was also found
by Vazquez and Aizen [85] as a trait of the system. However
Bascompte et al. [86] propose that community coexistence
is supported by the architecture of quantitative mutualistic
networks which is characterized by the low number of strong
dependences, their asymmetry, and the high heterogeneity in
species strength. However, Stang et al. [87] noted that the
availability of floral resources may direct interactions in a
community where the population density and the amount
of available flowers are also responsible for structuring the
network of interactions.

The Euglossini species explored an impressive diversity of
nectar sources in Ubatuba, especially plants with long, tubu-
lar corolla flowers. Flowers with corolla of this kind, which
have a light colouring and produce nectar in large quantities
with difficult access for floral visitors, may be classified as
euglossophilous, that is, plants that have characteristics of
a pollination syndrome called euglossophily [88]. Euglossini
are endowed with elongated glossa and can therefore utilise
a wide range of flowers, even those that have a long and
narrow corolla, which are only accessible to other bees if they
pierce the base, acting as robbers that are unable to pollinate
the plant [35]. Roubik et al. [89] noted that Euglossini bees
visit flowers that produce nectar with a high concentration of
sugars to satisfy their physiological needs, because when they
are active, their body temperature becomes high, requiring
a high energy diet [90]. In addition to euglossophilous
plants, flowers lacking tubular corolla, such as species of
Fabaceae, Amaranthaceae, Lamiaceae, and Malvaceae, were
also visited by bees in Ubatuba, which highlights the broad
spectrum of plant species that are exploited by the Euglossini
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bees.

These bees are one of the most important groups of
pollinators in tropical regions, not only due to interactions
with different plants that produce pollen, nectar, resin, and
floral fragrances but also for their role as pollinators with a
wide flight radius that are able to support the reproductive
biology of plants that are scattered and have low densities
[11, 35]. By achieving greater diversity in tropical rain forests,
which is the type of ecosystem that suffers most from the
fragmentation of habitats, deforestation, and human actions
[91], the Euglossini become especially vulnerable to these
processes [39], which makes conservation and management
essential for the preservation of these bees and their floral
resources.
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