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ABSTRACT
This study describes the floral phenology and morphology, reproductive biology and pollinators for eight legume 
tree species, Schizolobium parahyba, Senna macranthera, and Senna multijuga (Caesalpinioideae), as well as Andira 
fraxinifolia, Lonchocarpus cultratus, Pterocarpus violaceus, Swartzia oblata, and S. simplex (Papilionoideae), in the 
Atlantic Forest in Southeast Brazil. All the studied species showed an annual flowering pattern, and almost all are 
of the cornucopia-flowering type, with the only exception being Swartzia oblata, which was of the steady-state type. 
In general, the legume flowers studied are conspicuous, mostly medium-sized, and offer nectar and/or pollen as a 
resource. Self-incompatibility associated with the production of many flowers and consequent pollen discounting 
due to self-pollination may contribute to low fruit set of these species in natural conditions. Fifty bee species were 
recorded visiting the flowers, with medium to large-sized Apidae bees, such as Bombus morio, and species of Xylocopa, 
Centridini and Euglossina, which were among the most frequent visitors and major pollinators. These bees showed 
high floral constancy, thus they are significant to the reproductive success of these tree species. This study provides 
information regarding the interactions between bees and these eight legume species and evaluates the importance 
of pollinators for their sexual reproduction.

Keywords: bee pollination, Bombus, Caesalpinioideae, Centridini, Euglossina, Faboideae, floral biology, reproduction, 
self-incompatibility, Xylocopa

Introduction
In Neotropical forests, the majority of tree species 

studied for their breeding system have been found to be self-
incompatible; they are also mostly dependent on animals for 
their pollination and reproduction which probably increases 
the level of specialization in such places (Ollerton et al. 
2006; 2011). Plant-pollinator interactions are important for 
the maintenance of biodiversity and are one of the critical 
services for sustainable ecosystems (Bawa 1990; Ollerton 
2017). However, studies point that landscape changes 
resulting from anthropogenic disturbance, as habitat loss, 

fragmentation and degradation, are one of the primary 
threats to pollination services (Potts et al. 2010; Thomann et 
al. 2013). In this sense, studies of the interactions between 
plants and their pollinators can provide useful information 
to understanding ecological and evolutionary relationships 
of species (Mitchell et al. 2009) as well as to conserving 
species in threatened habitats (Mayer et al. 2011).

Although the Brazilian Atlantic Forest is one of the most 
diverse forest in tropical wet climate regions, and is also one 
of the most endangered ecosystems in the world (Morellato 
& Haddad 2000; Myers et al. 2000), the pollination and 
reproductive biology of such tree species has been poorly 
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studied and not encompass the taxonomic and functional 
diversity of this ecosystem. The absence of this kind of 
study is mainly due to difficulties in reaching the flowers 
in the canopy (Prata-de-Assis-Pires & Freitas 2008; Rocca 
& Sazima 2008). To our knowledge, only a few studies to 
date have described the pollinators of some ornithophilous 
species in the canopy (Rocca et al. 2006; Rocca & Sazima 
2008), as well as the pollinators and reproductive biology 
of some melittophilous legume tree species (Borges et al. 
2008; Prata-de-Assis-Pires & Freitas 2008; Wolowski & 
Freitas 2010; Amorim et al. 2013, Ávila et al. 2015), and the 
bee visitors of some mass flowering tree species (Ramalho 
2004; Brito & Sazima 2012). 

The knowledge of the reproductive biology of Neotropical 
trees has been increasing in recent decades (Bawa et al. 
1985b; Ward et al. 2005), but it is still incipient for most tree 
species in the Atlantic Forest. Ward et al. (2005) reported 
that some legume tree species exhibit high patterns of 
mixed mating systems, while others are predominant 
outcrossers with rates higher than 0.80. Furthermore, 
despite the fact that in Neotropical rainforests the majority 
of plant species are pollinated by bees (Bawa et al. 1985a; 
Bawa 1990; Ollerton 2017), detailed studies on pollination 
by bees of canopy trees in the Atlantic Forest in Southeast 
Brazil are virtually nonexistent. The legume family is one 
of the most important and highly diverse families in the 
Atlantic Forest (Oliveira-Filho & Fontes 2000) and since 
most legume species are bee-pollinated (Arroyo 1981), they 
represent an important food source for these insects that 
are the largest pollination taxon in tropical communities 
(Ollerton 2017). 

This paper provides information on the pollination 
biology and breeding systems of eight sympatric tree species 
of melittophilous Leguminosae in the Atlantic Forest in 
Southeast Brazil. The major goals were: (I) establish flowering 
phenology and floral biology of these species; (II), elucidate 
the main pollinators; and (III), evaluate whether the plant 
species are dependent on pollinators for reproduction.

Materials and methods
Study site and species

This study was conducted in the Atlantic Forest area in 
the Serra do Mar State Park (SMSP), Núcleo Picinguaba (NP) 
(ca. 23o20’S 44o48’W), municipality of Ubatuba, São Paulo 
state, Southeast Brazil. The SMSP covers 309,000 ha and 
the NP comprises 7850 ha (0 to ca 1300 m altitude) that 
includes dune and mangrove vegetation, coastal plain forest, 
lower montane forest (Atlantic rainforest) and montane 
forest (SEMA 2006). Climate is tropical rainy (Af), according 
to the Köppen (1948) system, with annual rainfall average 
up to 2600 mm and a mean annual temperature of 22 oC 
(Morellato et al. 2000). Field observations were made 

during two flowering seasons, between September 2005 
and May 2007 in plant species of the coastal plain forest. 
Eight canopy legume tree species were studied: three of the 
subfamily Caesalpinioideae, Schizolobium parahyba (Vell.) S. 
F. Blake, Senna macranthera (DC. ex Collad.) H. S. Irwin & 
Barneby, Senna multijuga (Rich.) H. S. Irwin & Barneby, and 
five from the subfamily Papilionoideae/Faboideae, Andira 
fraxinifolia Benth., Lonchocarpus cultratus (Vell.) A. M. G. 
Azevedo & H. C. Lima, Pterocarpus violaceus Vogel, Swartzia 
oblata R. S. Cowan and Swartzia simplex Spreng. The height 
of individuals studied ranged from 4 to 17 meters. For 
floral biology studies, scaffolding and ladders were utilized 
for reproductive experiments and for observations of bee 
behavior. Voucher specimens for all tree secies are deposited 
in the UEC herbarium of the Universidade Estadual de 
Campinas.

Floral phenology and morphology

Flowering phenology was monitored in 68 individuals 
of the tree species at monthly interval: S. parahyba (n= 20), 
S. macranthera (n= 12), S. multijuga (n= 14), A. fraxinifolia 
(n= 3), L. cultratus (n= 5), P. violaceus (n= 1), S. oblata (n= 8), 
and S. simplex (n= 5). A flowering event was considered to 
begin with the occurrence of open flowers. The flowering 
intensity was estimated in terms of percentage in five levels 
ranging from 0 (absence) to 4, with a 25 % interval between 
each presence class 1 to 4 (Fournier 1974). The percentage 
of flowering individuals of each plant species (i.e., flowering 
activity) was calculated for all studied individuals of each 
legume tree species at the study site. The anthesis period 
with the highest values of flowering intensity and activity 
was considered the flowering peak. The flowering frequency 
was classified following Newstrom et al. (1994a) and the 
flowering pattern in relation to pollination systems was 
classified according to Gentry (1974).

Flower dimensions were taken in the laboratory from 10 
flowers fixed in 50 % ethanol. For species with heteranthery 
(S. macranthera, S. multijuga, S. oblate, S. simplex), only the 
stamens involved in pollination were measured. Flowers 
were classified in three size categories, according to the 
corolla length and diameter, respectively: small (10-18 
mm x 10-17 mm diam.), medium (32-42 mm x 32-47 mm 
diam.) and large (> 65 for both measures).

Floral biology and breeding system

Floral feature data, such as color, symmetry, flower 
longevity, presence of resource, and flower odor were 
recorded in situ (Kearns & Inouye 1993). Investigation 
of the breeding systems of these species (with exception 
of Pterocarpus violaceus) were performed and included 
autonomous autogamy, hand self- and cross-pollinations, 
and emasculation that used flowers from previously bagged 
inflorescences (Radford et al. 1974). The hand pollinations 
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were made when stigmas were receptive. Stigma receptivity 
was estimated with the H2O2 catalase activity method (Dafni 
et al. 2005) and checked with a hand lens. The number of 
individuals used in the treatments was: S. parahyba (n= 2), S. 
macranthera (n= 3), S. multijuga (n= 3), A. fraxinifolia (n= 2), 
L. cultratus (n= 3), S. oblata (n= 8), and S. simplex (n= 3). The 
number of flowers used in each treatment can be checked 
in Table 1. These flowers were monitored until fruit set. 
Another group of flowers of each species was marked to 
estimate fruit set in natural conditions (control). Pollen 
viability was estimated by cytoplasmic stainability with 
the acetocarmine technique (Radford et al. 1974), using 
six flowers from different individuals.

Floral visitors

 The spectrum of bee visitors to each plant species was 
determined by records on flowers at different periods of the 
day. The frequency and behavior of visitors on the flowers 
was recorded by focal observations from early morning to 
late afternoon. The total number of observation hours for 
each species was: S. parahyba (n= 20), S. macranthera (n= 14),  
S. multijuga (n= 20), A. fraxinifolia (n= 10), L. cultratus (n= 10), 
P. violaceus (n= 10), S. oblata (n= 10), and S. simplex (n= 49). 
Visitors that contacted the stigmas and anthers were 
considered pollinators (Alves-dos-Santos et al. 2016). To 
better visualize this data, we constructed a quantitative 
pollination network considering the links as the frequency 
of interactions using the bipartite package in R software 
(Dormann et al. 2008). Pollinators were also classified as r 
= rare (< 5 %), ff = few to frequent (5 to 15 %), f = frequent  
(> 15 to 30 %), and vf = very frequent (> 30 %) according to visit 
frequency and they were grouped in four categories for body 
length measure: very small (≤ 5 mm), small (> 5 to 12 mm), 
medium-sized (> 12 to 20 mm) and large (> 20 mm). The 
number of flowers visited by an individual bee during a 

foraging bout was recorded for the main pollinators of 
Senna macranthera, Schizolobium parahyba, Swartzia oblata 
and S. simplex. Some bees visiting the flowers were captured 
using an insect net, identified and housed in the MCT-
bee collection of Pontifícia Universidade Católica do Rio 
Grande do Sul.

Results
Floral phenology, morphology, and biology

All species exhibited only one flowering episode per 
year, concentrated in the wettest period (September to 
April), with the highest values of flower intensity and 
activity (flowering peak) mainly during one month for each 
species (Fig. 1). Almost all species were of the cornucopia 
type with a large number of new flowers opening each day 
over a short period of the year. However, Swartzia oblata 
presented the steady state type where the plant produces 
a few flowers each day over an extended period of time (up 
to three months). Floral attributes of the eight legume tree 
species are presented in Table 2.

The Caesalpinioideae representatives, Schizolobium 
parahyba, Senna macranthera and S. multijuga have 
zygomorphic and conspicuous flowers (Fig. 2A-D). 
Schizolobium parahyba flowers have 10 stamens, one upright 
and adnate with the standard petal, and the others almost 
perpendicular facing this petal (Fig 2A). These stamens and 
pistil compose the androecium and gynoecium set, with the 
stigma placed between or slightly above the anthers, which 
dehisce longitudinally to the outside of the flower. Nectar 
is the main resource, hidden in a chamber, whose access is 
blocked by the base of the stamens and by the claw of the 
standard petal. Senna macranthera and S. multijuga flowers 
have a similar floral construction (Fig. 2B-D). However, the 

Table 1. Pollen viability and breeding system of seven melittophilous Leguminosae tree species in the Atlantic Forest in Southeast 
Brazil. Percentage of fruits (n= number of flowers). 1 = pollen of small stamens, 2 = pollen of medium-sized stamens, 3 = pollen of large 
stamens, 4 = pollen of superior stamens, 5 = pollen of inferior stamens, - = no treatments were made.

Species Number of  
individuals

Pollination treatment
Pollen viability Agamospermy Spontaneous self Self-pollination Cross-pollination Natural conditions

% % fruit (n) % fruit (n) % fruit (n) % fruit (n) % fruit (n)
Schizolobium parahyba 2 95.7 0 (15) 0 (240) 0 (20) 6.4 (109) 2.8 (519)

Senna macranthera 3
93.81 0 (46) 0 (75) 0 (10)1 42.8 (7)3 2.0 (442)
92.72 0 (18)3

91.63

Senna multijuga 3
96.61 0 (36) 0 (167) 0 (5)1 - 3.6 (2.143)
94.22

95.83

Andira fraxinifolia 2 80.0 - 0 (80) - - -
Lonchocarpus cultratus 3 98.5 - 0 (238) 0 (10) - 2.8 (393)

Swartzia oblata 8
98.54 0 (10) 0 (361) 0 (11)4 20.5 (39)4 0.1 (1.721)
98.35 0 (8)5 38.4 (26)5

Swartzia simplex 3
95.44 0 (9) 0 (100) 0 (10)4 0 (17)4 0.9 (202)
95.65 0 (10)5 50.0(28)5
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Table 2. Floral characteristics of eight melittophilous Leguminosae tree species and their main pollinator size categories in the 
Atlantic Forest in Southeast Brazil. Flower size: small (s), medium-sized (ms), large (l). Odor: perceptible (+), not perceptible (-). 
Pollinating stamens (*).

Species

Flowers Pollinator

Symmetry Color Resource Odor Life span  
(h)

Corolla length /  
diam.  
(mm)

Gynoecium / 
Androecium length 

(mm)
size category

Schizolobium parahyba bilateral vivid yellow nectar, pollen (-) 36 32.85 / 34.9 (ms) 15.6 / 18.0 medium-sized, large
Senna macranthera asymmetrical deep yellow pollen (+) 12 69.02 / 65.9 (l) 28.9 / 14.6 (*) large

Senna multijuga asymmetrical vivid yellow pollen (+) 12 41.74/ 32.3 (ms) 18.6 / 12.3 (*) medium-sized, large
Andira fraxinifolia bilateral pink nectar, pollen (-) 36 15.33 / 12.6 (s) 13.8 / 14.2 small, medium-sized

Lonchocarpus cultratus bilateral pink nectar, pollen (-) 48 10.10 / 10.2 (s) 8.0 / 8.7 small, medium-sized
Pterocarpus violaceus bilateral vivid yellow nectar, pollen (-) 24 17.61 / 16.1 (ms) 13. 1 / 13.1 small

Swartzia oblata bilateral white pollen (+) 48 12.41 / 16.6 (ms) 9.5 / 9.0 (*) medium-sized, large
Swartzia simplex bilateral deep yellow pollen (+) 24 36.75 / 46.8 (ms) 21.5 / 23.00 (*) large

Figure 1. Flowering periods of eight melittophilous Leguminosae tree species in the Atlantic Forest in Southeast Brazil from September 
2005 to May 2007. The number of individuals recorded (n) is given below each tree species. The percentages of flowering intensity 
and activity is scaled as 1= 1-25 %; 2= 26-50 %; 3= 51-75 %; 4= 76-100 %. Flowering intensity was measured as the percentage of 
branches in phenophase within the total canopy area of the tree. Flowering activity is the more comprehensive measure, calculated as 
the percentage of flowering individuals among all individuals of a tree species. The highest values of flowering intensity and activity 
were considered the flowering peak. The area of study was the Parque Estadual da Serra do Mar, Núcleo Picinguaba (an area of 7850 
ha), São Paulo, Brazil.

androecium is heterantherous and composed of three, small 
stamens uppermost with sterile anthers (Fig. 2B, arrow a) 
and three sets of fertile stamens of different filament lengths 
with the anthers dehiscing poricidally: (1) a central group of 
four stamens with short filaments and short anthers(Fig. 2B, 
arrow b), whose apertures are oriented toward the ventral 
side of the visitor, (2) one central-abaxial stamen with a short 
(S. multijuga) or long filament (S. macranthera) and a long 
anther oriented toward the gynoecium (Fig. 2B, arrow c), 
and (3) a group of two latero-abaxial stamens (Fig. 2B, 
arrow d) with long filaments and long anthers oriented 
toward the outermost adjacent somewhat curved petal 

(Fig. 2B, arrow f). Pollen is powdery and dry and is the only 
resource. The gynoecium is flexible, somewhat crooked and 
longer than the two latero-abaxial stamens (Fig. 2B, arrow e, 
Tab. 2). Flowers of both species show monomorphic 
enantiostyly (i.e., mirror-image flowers) (Fig. 2C, D).

The Papilionoideae, represented herein by Andira 
fraxinifolia, Lonchocarpus cultratus and Pterocarpus violaceus, 
also have zygomorphic flowers but less conspicuous (Fig. 2E-G).  
The gynoecium/androecium set is concealed within the 
keel petals. The staminal filaments are fused to form a 
tube, which ends with longitudinally dehiscing anthers. 
The style and the staminal tube follow the keel’s curvature 
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Figure 2. Floral traits of eight melittophilous Leguminosae tree species, in the Atlantic Forest in Southeast Brazil. A-D. Caesalpinioid 
legume species. A. Flower of Schizolobium parahyba. B-D. Flowers of Senna species. B. S. macranthera; a= staminodes, b= medium-
central stamens, c= central-abaxial stamen, d= latero-abaxial stamens, e= gynoecium, f= cucullate petal. C-D. Flowers of S. multijuga 
showing the pronounced asymmetry and enantiostily, the reproductive structures are positioned on opposite sides in relation to 
the center of the flower. E-F. Strongly zygomorphic Faboid flowers, with the connate petal standard and keeled petal asymmetry. E. 
Andira fraxinifolia. F. Lonchocarpus cultrathus, G. Pterocarpus violaceus. H-I. Faboid flowers with brush morphology and dimorphic 
androecium. H. Swartzia oblata, I. S. simplex.
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upwards, and anthers and stigma are positioned near the 
keel apex. Nectar is the main resource, accumulating around 
the base of the gynoecium and confined within the chamber 
formed by the fusion of the filaments, and can be reached 
only by small openings on the base of the upper side of the 
staminal tube, whose access is blocked by the claw of the 
standard petal. 

The remaining Papilionoideae, Swartzia oblata and S. 
simplex, also have zygomorphic flowers with a single upright 
conspicuous petal (Fig. 2H, I). The androecium is composed 
of two groups of dimorphic stamens with longitudinally 
dehiscing anthers: one group comprises a brush of ca. 100 
short stamens oriented to the upper side of the flower, 
whilst the other group, oriented to the lower side of the 
flower, consists of four longer stamens in S. oblata and six in 
S. simplex. These long stamens accompany the curvature of 
the pistil and are rigid in S. oblata and flexible in S. simplex 
(Fig. 2H, I). Pollen is the only resource.

Reproductive system

 Pollen viability of the seven species investigated 
was high (exceeding 80 %) and included pollen from the 
various stamens types of the four heterantherous species 
representing Senna and Swartzia (Tab. 1). The results of 
pollination experiments to examine the breeding system 
for the seven legume species are presented in Table 1. These 
species are most likely self-incompatible since no fruits 
developed in flowers bagged for autonomous selfing, hand 
self-pollinated and emasculated flowers. The fruit set in the 
four species with hand cross-pollinated flowers was higher 
than those obtained from natural conditions. Although a 
large number of flowers were randomly tagged to evaluate 
fruit set in natural conditions, the fruit set formed was low 
in plants of all studied species (Tab. 1).

Floral visitors

 The flowers of these woody Leguminosae were visited 
by 50 bee species (Figs. 3-5). Among the four bee families 
recorded, Apidae (39 spp.) presented the highest number 
of species, followed by Halictidae (six spp.), Megachilidae 
(four spp.), and Andrenidae (one spp.) (Tab. 3).

Percentages of bee size categories were as follow: 8.0 % 
(n = 4) very small, 44.0 % (n = 22) small, 22.0 % (n = 11) 
medium-sized and 26.0 % (n = 13) large bees. Apidae 
represented the majority of bee visitors, constituting 78 % 
(n = 39) of all recorded species, and 56.4 % of them were 
medium to large-sized species. Among the medium to large-
sized bees, the Centridini were the most represented group 
(12 species). The species acting as pollinators were mainly 
represented by medium to large-sized bees (Tab. 3).

Xylocopa frontalis visited more plant species (n = 7) than 
any other bee species, whereas 19 species visited two to three 
species, six visited four to five species and another 24 visited 

only one species (Fig. 5). Species of the genera Bombus, 
Centris, Epicharis, Eufriesea, Eulaema, Xylocopa and Oxaea were 
buzz-collectors on flowers of Senna species with poricidal 
anthers and were also observed to collect pollen by vibrating 
flowers with longitudinally dehiscing anthers in the two 
Swartzia species. These bees were the main visitors of most 
of the species with medium to large-sized flowers (Tab. 3). 
 Smaller bee species of the genera Thygater, Megachile, 
Ceratina, Exomalopsis, as well as Meliponina and Halictidae 
visited mainly the flag-shaped flowers and were the principal 
visitors of Andira fraxinifolia, Lonchocarpus cultratus and 
Pterocarpus violaceus (Tab. 3). The bee visitors of the three 
former genera searched mostly for nectar, while Meliponina 
and Halictidae visited these flowers largely for pollen. 

The highest number of bee species (n = 17) was recorded 
on Swartzia species with (33.3 % of the total observed), 
followed by S. parahyba (n = 15, 30.0 %), S. multijuga (n = 
14, 25.5 %), Andira fraxinifolia (n = 12, 23.5 %), L. cultratus 
(n = 10, 19.6 %), and by Pterocarpus violaceus and Senna 
macranthera, both with eight species (Fig. 5). The mean 
number of flowers visited by an individual bee during a 
foraging bout to Senna macranthera was 8 ± 8.77 flowers 
(n = 648) by Xylocopa frontalis, 3.3 ± 4.3 flowers (n = 40) by 
Centris decipiens and 11.5 ± 12.2 flowers (n = 92) by Eulaema 
cingulata; to Schizolobium parahyba the mean number was 
13.22 ± 14.64 flowers (n = 357) by Xylocopa frontalis, 8.42 ± 
8.5 flowers (n = 539) by Centris labrosa, 10.21 ± 8.49 flowers 
(n = 245) by C. varia and 7.81 ± 7.16 flowers (n = 258) 
by Megachile sp. 1; to Swartzia oblata the mean number 
was 14.3 ± 13.10 flowers (n = 186) by Epicharis flava, 8.0 ± 
5.32 flowers (n = 104) by Eulaema seabrai and 9.37 ± 5.57 
flowers (n = 72) by E. flava; and to Swartzia simplex the mean 
number was 7.75 ± 10.09 flowers (n = 256) by X. frontalis 
and 6.36 ± 8.66 flowers (n = 140) by Eulaema cingulata. Most 
of the other species also made subsequent visits to several 
flowers of the same individual plant, which is related to the 
high number of open flowers available at the same time.

Pollination mechanisms

In Schizolobium parahyba bees landed on the gynoecium-
androecium set and to access the nectar, bees pressed with 
their head at the claw of the standard petal and the base 
of the stamens, causing the pollen to adhere to the ventral 
portion of their body, where the stigma would also be 
touched (Fig. 3A-C). Centris labrosa, Megachile sp. indet. 1  
and Xylocopa frontalis were the main pollinators of S. 
parahyba and showed similar behavior during all visits 
(Fig. 3A-C). Other medium and large-sized bees also acted 
as pollinators of S. parahyba flowers (Tab. 3), but their visits 
were very scarce. Smaller bees visited the flowers for pollen 
but worked the anthers one by one with their forelegs and 
rarely touched the stigma. 

The flowers of Senna macranthera and S. multijuga have 
a similar morphology and pollination in these species 
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Figure 3. Pollinators and visitors of melittophilous Caesalpinioideae tree species in the Atlantic Forest in Southeast Brazil. A-C. 
Main pollinators of Schizolobium parahyba: to access the nectar the bees land on the androecium-gynoecium set contacting anthers and 
stigma simultaneously. A. Centris labrosa. B. Megachile sp. indet 3. C. Xylocopa frontalis. D-F. Pollinators of Senna macranthera collect 
pollen by vibration. D. Xylocopa frontalis. E. Eulaema seabrai. F. Centris decipiens. In flowers of S. macranthera the stigma (arrows) is 
distant from the anthers; thus, during visits contact with the stigma was rarely observed. * = Place where pollen is deposited. G-I. 
Pollinators of Senna multijuga. G. Bombus morio. H. Centris (Melacentris) sp. indet 2. I. Epicharis flava. The stigma touches the back or 
the sides of the bee’s thorax, precisely at the places where the pollen is deposited (arrows).

was demonstrated as quite similar. Bee visitors landed 
on the stamen groups (Fig. 3D-I), gripped the filaments 
and gynoecial base and then vibrated it. Consequently, 
the anthers of the central group and of the central-abaxial 
stamens ejected pollen on the ventral surface of the bees and 
on the internal surfaces of all legs (pollen for bee collection), 
while pollen of the two latero-abaxial stamens, mostly for 
pollination, was ejected on the dorsal side of the thorax of 

S. macranthera visitors (Fig. 3D-F, this spot indicated by *), 
as well as in the groove between the thorax and abdomen 
(Fig. 3G, arrow), on the forewings (Fig. 3H, arrow) and on 
the dorsal side of the thorax (Fig. 3I, arrow) of visitors to 
S. multijuga.

In Senna macranthera the gynoecium is quite long, so that 
the stigma remains distant from the bee’s body (Fig. 3D-F, 
arrows). During field observations no direct contact with 
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Figure 4. Pollinators and visitors of melittophilous Faboideae tree species in the Atlantic Forest in Southeast Brazil. A-C. Bees 
visiting flowers of Andira fraxinifolia. A. Xylocopa frontalis is a pollinator; while it takes nectar, the stigma touches the ventral side of 
its thorax. B. Melipona sp. indet 2 is a nectar thief. C. Plebeia sp. indet 1 is a pollen thief. D-F. Bees visiting Swartzia oblata flowers. 
D. Eulaema seabrai is a pollinator and collects pollen by vibration. E. Exomalopsis sp. 3. F. Augochloropsis sp. indet 2. Both species are 
pollen thieves, vibrating only the upper anthers and not touching the stigma (arrows).

the receptive stigmatic surface was noticed, even when the 
largest bees visited. However, it is likely that the stigma does 
touch the dorsal side of the bee (Fig. 3D-F, place indicated 
by *), where pollen from the two latero-abaxial stamens is 
deposited. This can occur because the flexible gynoecium 
oscillates during the visitor’s vibration and may touch the 
dorsal side of the bee or when the bee withdraws from the 
flower. The large and robust bee species of Xylocopa, Eulaema 
and Centris (see Tab. 3 for body length) are most likely to 
make contact with the stigma during the oscillation of the 
gynoecium, and it is assumed that these larger bees are the 
effective pollinators. Pollen of the latero-abaxial stamens 
of S. multijuga flowers is deposited only at the places of 
the bee’s body that actually touch the stigma (Fig. 3G-I). 
The bees Bombus morio, Xylocopa brasilianorum and Centris 
sp. indet. 2 were the most frequent visitors and the main 
pollinators of this plant species (Tab. 3). Other medium and 
large-sized bees also acted as pollinators of S. multijuga, but 

their visits were much scarcer. Individuals of Augochloropsis 
sp. indet. 3 collected pollen by vibration on Senna species; 
however, they vibrated the anthers one by one and were 
not observed contacting the stigma.

On flowers of the Papilionoideae (with exception of 
Swartzia species), bees landed on the corolla wing-keel 
complex, and directed their heads between the claw of the 
flag and the basal portion of the staminal tube where they 
extended the proboscis through small openings to reach the 
nectar. Thus, the flower keel would move down, exposing 
anthers and stigma, which then touch the ventral side of 
the bee’s abdomen. After the bee departed, the petals would 
return to their original orientation, characteristic features 
of the valvular mechanism of pollen presentation. The major 
pollinators of the Papilionoideae representatives visited the 
flowers only for nectar: Andira fraxinifolia was pollinated 
by medium-sized bee species of Centris and Megachile and 
large-sized Xylocopa (Fig. 4A); Lonchocarpus cultratus was 
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Figure 5. Melittophilous legume trees and their bee visitors’ quantitative network in the Atlantic Forest in Southeast Brazil. Plants 
are represented in green and bees in orange. The links represent the frequency of interactions, while the size of the box represents 
the relative amount of visits received by the plants or made by the bees.
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Table 3. Bee species recorded on eight melittophilous Leguminosae tree species in the Atlantic Forest in Southeast Brazil. Bees body 

size: very small bee (vs), small bee (sb), medium-sized bee (mb), large bee (lb). The letters in brackets after the plant names indicate its 

pollinators (p) and their frequency of visits: rare (r), few frequent (ff), frequent (f), very frequent (vf), frequency not registered (fn).

Bee species Body size  
(mm) Plant species

Andrenidae
Oxaea flavescens Klug, 1807 17.4 mb Senna macranthera, Senna multijuga (p, r), Swartzia oblata, Swartzia simplex

Apidae

Bombus (Fervidobombus) morio (Swederus, 1787) 16.1 mb
Schizolobium parahyba (p, fn), Senna macranthera, Senna multijuga (p, vf),  
Swartzia oblata (p, fn), Swartzia simplex

Centris (Ptilotopus) decipiens Moure & Seabra, 1960 21.7 lb Senna macranthera (p, ff), Senna multijuga (p, r)
Centris (Heterocentris) labrosa Friese, 1899 13.2 mb Andira fraxinifolia (p, fn), Schizolobium parahyba (p, vf)
Centris (Trachina) similis (Fabricius, 1804) 16.6 mb Senna multijuga (p, vf)
Centris (Melacentris) sp. indet 1 23.7 lb Senna macranthera (p, r), Senna multijuga (p, r)
Centris (Melacentris) sp. indet 2 23.0 lb Senna multijuga (p, fn)
Centris (Melacentris) obsoleta Lepeletier, 1841 20.8 lb Swartzia simplex
Centris (Centris) varia (Erichson, 1848) 15.0 mb Schizolobium parahyba (p, ff), Swartzia oblata, Swartzia simplex
Cephalotrigona sp. indet 1 9.0 sb Lonchocarpus cultratus, Schizolobium parahyba
Ceratina sp. indet 1 9.0 sb Pterocarpus violaceus, Schizolobium parahyba
Ctenioschelus goryi (Romand, 1840) 14,5 mb Schizolobium parahyba (p, r)
Epicharis (Epicharana) flava (Friese, 1900) 22.3 lb Senna multijuga (p, f), Swartzia oblata (p, f), Swartzia simplex
Epicharis (Triepicharis) schrottkyi (Friese, 1900) 21.1 lb Swartzia simplex
Epicharis (Epicharitides) obscura (Friese, 1899) 13.3 mb Swartzia simplex
Epicharis (Epicharana) rustica (Olivier,1789) 22.2 lb Senna multijuga (p, f), Swartzia oblata (p, r)
Epicharis (Epicharana) pygialis (Friese, 1900) 20.6 lb Swartzia oblata (p, vf), Senna multijuga (p, fn)
Eufriesea sp. indet 1 18.4 mb Swartzia simplex
Eulaema (Apeulaema) cingulata (Fabricius, 1804) 22.4 lb Senna macranthera, Senna multijuga (p, r), Swartzia oblata (p, r), Swartzia simplex

Eulaema (Eulaema) seabrai Moure, 1960 22.8 lb
Schizolobium parahyba (p, r), Senna multijuga (p, r), Swartzia oblata (p, f),  
Swartzia simplex

Exomalopsis sp. indet 1 6.0 sb Andira fraxinifolia, Lonchocarpus cultratus (p, ff), Schizolobium parahyba
Exomalopsis sp. indet 2 6.1 sb Pterocarpus violaceus
Exomalopsis sp. indet 3 6.1 sb Pterocarpus violaceus, Swartzia oblata
Melipona sp. indet 1 7.0 sb Swartzia simplex
Melipona sp. indet 2 9.6 sb Andira fraxinifolia, Lonchocarpus cultratus (p, r)
Mesoplia sp. indet 1 12.7 mb Schizolobium parahyba (p, r)
Partamona sp. indet 1 6.5 sb Andira fraxinifolia, Swartzia simplex
Plebeia sp. indet 1 4.4 vs Andira fraxinifolia
Plebeia sp. indet 2 4.3 vs Andira fraxinifolia
Plebeia sp. indet 3 4.4 vs Lonchocarpus cultratus
Scaptotrigona sp. indet 1 6.0 sb Pterocarpus violaceus
Tetragonisca sp. indet 1 4.0 vs Andira fraxinifolia, Lonchocarpus cultratus, Schizolobium parahyba, Swartzia oblata
Thygater sp. indet 1 9.3 sb Pterocarpus violaceus (p, f)
Thygater sp. indet 2 12.0 sb Swartzia oblata, Swartzia simplex
Thygater sp. indet 3 12.0 sb Swartzia oblata, Swartzia simplex
Trigona sp. indet 1 6.0 sb Lonchocarpus cultratus, Schizolobium parahyba, Swartzia simplex

Xylocopa (Neoxylocopa) brasilianorum (Linnaeus, 1767) 20.3 lb
Andira fraxinifolia (p, fn), Senna macranthera, Senna multijuga (p, f), Swartzia 
oblata (p, fn), Swartzia simplex

Xylocopa (Neoxylocopa) frontalis (Oliver, 1789) 26.1 lb
Andira fraxinifolia (p, fn), Lonchocarpus cultratus (p, r), Schizolobium parahyba (p, 
f), Senna macranthera (p, vf), Senna multijuga (p, ff), Swartzia oblata (p, r), 
 Swartzia simplex (p, vf)

Xylocopa sp. indet 1 18.0 mb Swartzia simplex
Xylocopa sp. indet 2 25.0 lb Andira fraxinifolia (p, fn)

Halictidae
Augochlorini sp. indet 1 7.2 sb Pterocarpus violaceus
Augochloropsis sp. indet 1 8.6 sb Pterocarpus violaceus
Augochloropsis sp. indet 2 7.4 sb Pterocarpus violaceus, Swartzia oblata, Senna macranthera
Augochloropsis sp. indet 3 7.8 sb Senna multijuga
Augochloropsis sp. indet 4 7.2 sb Swartzia oblata
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pollinated by small and medium-sized species of Megachile; 
and Pterocarpus violaceus was pollinated mainly by Thygater 
sp. indet. 1. Small bees are not heavy enough to depress the 
keel and exposing anthers and stigma; however, some of 
them will incidentally collect pollen (since the keel petals 
are loosely joined), and they sometimes touch the stigma. 
Social bees such as Partamona, Plebeia, Scaptotrigona,  
and Tetragonisca were mainly pollen and nectar thieves 
(Fig. 4B, C).

Flowers of Swartzia oblata and S. simplex are 
morphologically similar, and the pollination mechanism 
is also very similar. The bees land on the upper stamen 
group (Fig. 4D), grip and vibrate it. The liberated pollen 
was deposited on the ventral portion of the bee’s body (the 
bees collected pollen actively only from these stamens), 
whilst from contact with the anthers of the lower stamens 
pollen was deposited at the end of the dorsal part of the 
bee’s abdomen, precisely at the place where the stigma 
touched the bees. Swartzia oblata pollinators were medium 
and large-sized species (Fig. 4D), with Epicharis pygialis and 
Eulaema seabrai the most frequent visitors (Tab. 3, Fig. 5). 
Small bee species (Tab. 3) collected pollen only and made no 
contact with the stigma (Fig. 4E, F, arrows indicate stigmatic 
position). Swartzia simplex pollinators were most likely large 
bees, such as Xylocopa frontalis, since the gynoecium and 
the lower stamens are quite long, more than 20 mm (Tab. 2,  
Fig. 2I) the stigma and the anthers are distant from the 
upper stamen group where the bees land. Even the large 
individuals of X. frontalis, as long as 26.1 mm, were not 
observed making contact with the reproductive organs but 
contact may occur when the bees leave the flower or during 
vibration, as the gynoecium and the lower stamens are quite 
flexible as in of Senna macranthera flowers. Medium-sized 
and smaller bees primarily function as pollen thieves of 
S. simplex.

Discussion
The legumes trees studied here were of the cornucopia-

flowering type, except for Swartzia oblata, and flowered 
only once a year, mainly during the wet season. The flowers 
offer nectar and/or pollen as resources to bee pollinators as 
well as to thieves; however through complex mechanisms 

at the flower level. All the legume species presented some 
incompatibility, which means that the interaction with 
pollinators is a necessary condition to their reproduction. 
Taking together, these results suggest that legume trees are 
important resources to bees and vice-versa, and that this 
interaction may benefit other plants at the Atlantic Forest. 
The specific discussion about each reproductive aspect of 
these species is presented below.

Floral phenology, morphology, and biology

The eight legume species presented a distinct annual 
and seasonal flowering phenophase, as described for a large 
number of Atlantic Forest trees (Morellato et al. 2000). 
High flowering synchrony at population level has been 
recorded for many other Atlantic Forest trees from the 
same locality (Talora & Morellato 2000; Bencke & Morellato 
2002) and it is presumably an important strategy to attract 
pollinators and promote outcrossing (Rathcke & Lacey 1985; 
Kudo 2006). The apparent sequential flowering seasons, 
as recorded for the species in this study, are most likely 
important for the maintenance of autochthonous bees in 
the community, and this phenomenon has been previously 
documented in tropical communities (see Frankie et al. 1983; 
Rathcke & Lacey 1985; Newstrom et al. 1994b; Buzato et 
al. 2000; Freitas & Sazima 2006). Most species (Swartzia 
oblata was the only exception) showed the cornucopia 
flowering, a pattern common in other lowland tropical 
rainforests (Gentry 1974). By producing many flowers at 
once and flowering sequentially, these plants may indirectly 
facilitate each other over the year by maintaining their main 
pollinators. The same process has already been proposed for 
plants pollinated by hummingbirds in tropical landscapes 
(Stiles 1977; Buzato et al. 2000).

The floral attributes of the studied species show the 
distinctive traits associated with melittophily (Faegri & Pijl 
1979), and, papilionoid flag-shaped flowers with hidden 
nectar or pollen resource are typical examples of bee-flowers 
(Endress 1994). The restricted access to the nectar of the 
flag-shaped flowers studied here is a general tendency in 
many Faboideae species pollinated by bees (Arroyo 1981; 
Westerkamp 1997; Etcheverry et al. 2003; Brito et al. 2010). 
Hidden nectar is also found in some Caesalpinioideae, such 
as Schizolobium parahyba and other bee-pollinated species 

Bee species Body size  
(mm) Plant species

Halictini sp. 10.0 sb Swartzia oblata
Megachilidae
Megachile sp. indet 1 11.0 sb Lonchocarpus cultratus (p, ff), Schizolobium parahyba (p, f)
Megachile sp. indet 2 14.3 mb Lonchocarpus cultratus (p, ff), Schizolobium parahyba (p, ff)

Megachile sp. indet 3 10.0 sb
Andira fraxinifolia (p, fn), Lonchocarpus cultratus (p, f), Schizolobium parahyba (p, 
ff)

Megachile sp. indet 4 11.0 sb Andira fraxinifolia (p, fn)

Table 3. Cont.
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in which access to nectar is prevented by floral structures 
(Lewis & Gibbs 1999; Cocucci et al. 1992).  Floral bilateral 
symmetry combined with concealment of nectar requires 
the ability and appropriate mouthparts to reach the resource 
(Pellmyr 2002). This kind of floral morphology can thus limit 
the spectrum of visitors able to forage  on flowers and may 
work as a strategy for effective pollination.

Pollen deposition on different areas of the pollinator’s 
body in the studied Senna and Swartzia species is a result 
of heteranthery, an attribute already recorded for other 
Swartzia species (Lopes & Machado 1996; Moço & Pinheiro 
1999), in various genera of the tribe Cassiinae (Dulberger 
1981; Gottsberger & Silberbauer-Gottsberger 1988; 
Westerkamp 2004) and in at least 20 families (Endress 
1994; Vallejo-Marín et al. 2010). Heteranthery, resulting in 
functional separation of pollen for feeding and pollen for 
pollination, has been considered an evolutionary response 
to assure pollination while feeding voracious foraging bees 
(Vogel 1978; Buchmann 1983; Luo et al. 2008; Vallejo-Marín 
et al. 2009; 2010; Papaj et al. 2017). In such flowers, pollen 
for pollination is deposited where the bee cannot groom 
it easily but is placed in the correct position where the 
stigma touches the bee (Buchmann 1983; Luo et al. 2008). 
Pollen release in the studied Senna species herein occurred 
in directed pollen jets; food pollen for bee collection is 
deposited on the ventral side of the bee, whereas pollen 
destined for pollination reached the upper parts of the 
bee’s body, probably after being “ricocheted” from a petal, 
as described for other Cassiinae (Westerkamp 2004; Amorim 
et al. 2017).

The elongated gynoecium in Senna macranthera and 
Swartzia simplex keeps the stigma away from the flower 
center. This arrangement allows free access of the pollinator 
to the feeding anthers and may protect the style and stigma 
from possible damage during vibration by the heavy-bodied 
visitor (Dulberger 1981). Furthermore, in these species 
the gynoecium greatly exceeds the size of the largest bees; 
thus, the pollination may depend on incidental contact 
with the stigma and the bee’s body. Such contact with the 
stigma was also rarely recorded for Senna affinis (Gottsberger 
& Silberbauer-Gottsberger 1988), a species with a floral 
morphology similar to S. macranthera.

The monomorphic enantiostyly in the studied Senna 
species follows the pattern already well documented in 
Cassiinae species (Gottsberger & Silberbauer-Gottsberger 
1988; Westerkamp 2004). Such trait is directly associated 
with poricide anthers and heteranthery in pollen rewarding 
flowers trough the evolutionary history of angiosperms 
(Buchmann 1983; Vallejo-Marín et al. 2010). It has been 
shown that monomorphic enantiostyly reduces the amount 
of geitonogamy since the style deflection would allow 
pollination of half the flowers in the same individual plant 
(Jesson & Barrett 2002; 2005). However, the enantiostilic  
Senna species also presented  a self-incompatible system 
(see below). In other words, geitonogamy is not a possibility 

in this species. The correlated evolution of monomorphic 
enantiostyly and  a self-incompatible system in these plants 
points to the possibility of other evolutionary causes for 
style deflection in both directions in the same individual 
as the reduction of pollen interference and the reaching 
of pollen safety sites in the bee’s body (Dulberger 1981; 
Westerkamp 2004; Koch et al. 2017).

Reproductive system

 The high pollen viability in both the feeding anthers and 
the pollinating anthers in the Senna and Swartzia species 
has been recorded for other species of these genera (Lopes 
& Machado 1996; Carvalho & Oliveira 2003; Laporta 2005; 
Luo et al. 2009), but not in Senna alata and S. bicapsularis 
in which the pollinating anthers had higher proportions 
of viable pollen than the feeding anthers (Luo et al. 2009).

Since no fruits developed after spontaneous and hand 
self-pollination in the studied species, they probably are 
self-incompatible. Self-incompatibility has been suggested 
as prevalent in tropical trees (Bawa 1974; Bawa et al. 1985b). 
In fact, several tropical Leguminosae tree species, such as 
Swartzia pickelli (Lopes & Machado 1996) and Swartzia 
apetala (Moço & Pinheiro 1999) in the north-eastern 
Atlantic rainforest, Pseudopiptadenia contorta (Prata-de-
Assis-Pires & Freitas 2008) and S. multijuga (Wolowski 
& Freitas 2010) in a montane Atlantic rainforest, Senna 
silvestris (Carvalho & Oliveira 2003) and Copaifera langsdorffi 
(Freitas & Oliveira 2002), both in the Brazilian savanna, and 
Caesalpinia calycina (Lewis & Gibbs 1999) in the caatinga, 
have been demonstrated as self-incompatible. However, 
since the number of treated flowers and individuals in this 
study was low, more experiments are necessary to detect the 
mating-system of these species. Furthermore, mixed mating 
was also reported for S. multijuga (Ribeiro & Lovato 2004). 

The low fruit set in natural conditions of the studied 
species may be because  of self-deposition due to high floral 
constancy and behavior of pollinators, which remain for long 
periods foraging on the same individual plant promoting 
self-pollination followed by stigma clogging and pollen 
discount (Wilcock & Neiland 2002). Low fruit set under 
natural conditions and/or following hand cross-pollinations 
has been reported in many trees of the legume and other 
families (Bawa & Webb 1984; Bawa & Bullock 1989; Lopes & 
Machado 1996; Jausoro & Galetto 2001; Freitas & Oliveira 
2002; Carvalho & Oliveira 2003; Prata-de-Assis-Pires & 
Freitas 2008).

Floral visitors
 
The medium to large-sized bees observed in this study 

have been reported as pollinators of several other legume 
species with medium and large-sized flowers: Euglossina 
species are the main pollinators of Swartzia pickelli (Lopes 
& Machado 1996), and Xylocopa and Centridini bees of 
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Swartzia apetala (Moço & Pinheiro 1999) and of several 
Senna species (Carvalho & Oliveira 2003), as well as several 
Cassiinae species with pollen flowers (Dulberger 1981; 
Gottsberger & Silberbauer-Gottsberger 1988). These cohorts 
of buzz-collectors have also been reported as pollinators of 
several Caesalpinioideae with nectar flowers (Cocucci et al. 
1992; Lewis & Gibbs 1999), and most of them are important 
pollinators of many canopy tree species of Neotropical 
forests (Frankie et al. 1983; Bawa 1985a; 1990).

The medium to large-sized bees that pollinate the studied 
species are known to forage over long distances (Frankie 
et al. 1976; Janzen 1971), a behavior that ensures pollen 
flow among conspecifics which is essential for fruit set in 
these self-incompatible legume species. On the other hand, 
subsequent visits to several flowers of the same individual 
plant of this study is a foraging behavior promoting self-
pollination, and possibly related to low fruit-set on mass 
flowering self-incompatible species (Augspurger 1980; Baker 
et al. 1983).

Pollination of most of the studied legume species 
including those with small flowers by the large bee Xylocopa 
frontalis is a feature of the genus whose individuals have 
a physical morphology that allows a good positional fit 
between floral parts of many kinds of flowers. Due to this 
aspect and generalist behavior, these bees have frequently 
been reported among pollinators of many Neotropical 
species (Arroyo 1981 and reference therein; Roubik 1989), 
not only by those grouped in the Xylocopa-flower syndrome 
(Pijl 1954). 

The bees recorded on Senna (poricidal anthers) and 
Swartzia (longitudinal anthers) species are known to vibrate 
flowers to collect pollen. Although the buzzing behavior on 
poricidal anthers is well understood (Buchmann 1983; Luca 
& Vallejo-Marín 2013), it is still not obvious why bees also 
buzz flowers with longitudinal anthers. However as buzzing 
bees can quickly extract a large proportion of pollen from 
longitudinal anthers the benefit of collecting more pollen 
per flower may have favored this behavior (see Buchmann 
1985 for commentaries).

Pollination mechanisms
 
Schizolobium parahyba, one of the less specialized 

Caesalpinioideae studied here, is the only species of this 
family that produce nectar and the flowers show some 
degree of nectar protection. However, the nectar is 
easily available since the flowers do not require special 
manipulation. Therefore, these characteristics may favor 
the higher visitor richness in this species, which encompass 
specialized and non-specialized pollinators (Arroyo 1981; 
Brito et al. 2017), although restricted to large- and medium-
sized bee species. On the other hand, since S. parahyba is one 
of the first species in flower after the winter months, the 
high number of pollinators may also be related to scarcity 
of other flowering  species, with exception of the flowering 

events of some sympatric Malpighiaceae species in the 
vicinity whose flowers were visited by the same Centris bee 
species (Sazima et al. 2009).

The other Caesalpinioideae of this study, the pollen–
flowers of Senna macranthera and S. multijuga, are species 
in which resource protection and pollinator selection is 
evident. Pollen is the only resource, and to obtain it from 
the different types of poricide anthers, the special extraction 
technique of vibrating - the buzz-pollination syndrome 
(Buchmann 1983; Vallejo-Marín et al. 2010) - is required. In 
these species, the pollination mechanism seems to require 
equivalence between the size of bees and the size of the 
flowers, as may be illustrated by S. macranthera, with large 
flowers that are pollinated by the largest bees, in contrast to 
the smaller flowers of Senna multijuga, which are pollinated 
by large- and medium-sized bees. 

In the nectar-offering flowers of Andira fraxinifolia, 
Lonchocarpus cultratus and Pterocarpus violaceus, nectar and 
pollen are both concealed and are becoming available only 
after tripping, a mechanism that also requires specialized 
pollinators (Arroyo 1981). Among the various mechanisms 
of staminal column release, the studied species had the 
valvular mechanism (Delpino 1868; Westerkamp 1997) since 
the wing and keel petals are entirely free. Some large but 
mainly medium-sized bee species were the only pollinators 
capable of successfully working these papilionoid flowers.

Pollen harvesting with the buzz-pollination mechanism 
from anthers with longitudinal dehiscence as observed in 
the pollen-flowers of Swartzia oblata and S. simplex is already 
known for several other species with clumped brush-like 
stamens with non-poricidal anthers (Buchmann 1985; 
Lopes & Machado 1996 and references therein). Again, the 
pollination of these species shows a relationship between 
the size of the bees and the flowers; S. oblata flowers have 
both large- and medium-sized bees as pollinators, whereas 
the larger flowers of S. simplex are probably only effectively 
pollinated by the largest Xylocopa species. Bees of similar 
size categories were also recorded as the main pollinators 
of S. pickelli and S. apetala (Lopes & Machado 1996; Moço 
& Pinheiro 1999).

Populations that flower annually in a sequence during 
part of the year and bloom copiously are essential for 
the maintenance of autochthonous bees in the Atlantic 
Forest. Floral traits of the legume tree species studied were 
clearly melittophilous and require specialized medium to 
large-sized bees to access the resources. Furthermore, self-
incompatibility in these legume species indicates the need 
for partners for reproduction; thus, the pollinators are of 
utmost importance. Although several bee visitors were 
recorded on the flowers of the studied species, the number 
of pollinator species was very low for the majority of the 
plant species. Despite their relative abundance, behavior 
and adequate morphology, few or only one pollinator species 
was prevalent. In addition, legume species represent an 
important food source for many Centridini and Euglossina 
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bee species that are related to various specialized interactions 
of other plant species in the Atlantic Forest. Habitat 
disturbance has been responsible for significant decreases 
in bee diversity (Frankie et al. 2009), with direct impact on 
plant mating systems (Ward et al. 2005), and can be a cause 
for loss of biodiversity in several ecosystems. The Atlantic  
Forest, one of the world’s most threatened biodiversity 
hotspots (Myers et al. 2000), has been reduced to less than 
eight percent of its original area, and the natural vegetation 
remaining (in scattered fragments) is heavily affected by 
anthropogenic activities (Morellato & Haddad 2000). 
This study has provided valuable information regarding 
the interactions of bee species and legume tree species in 
the Atlantic Forest that can be utilized toward the future 
conservation of both pollinators and plants.

Acknowledgements
We thank the Instituto Florestal for the permit to study 

pollination biology of Leguminosae in protected public 
lands; Adriano Kid Azambuja and Rubem Samuel de Ávila 
Jr., for help in the field; Iara Bressan for technical help in 
the laboratory; Maria Cristina Gaglianone for identifying 
the Centridini bees. MP had a grant from FAPESP, and VLGB 
and MS have research grants from CNPq. This research was 
mainly supported by FAPESP as part of the Thematic Project 
Functional Gradient (Process  03/12595-7). 

References
Alves-dos-Santos I, Silva CI, Pinheiro M, Kleinert AMP. 2016. Quando um 

visitante floral é um polinizador. Rodriguésia 67: 295-307.
Amorim FW, Galetto L, Sazima M. 2013. Beyond the pollination syndrome: 

nectar ecology and the role of diurnal and nocturnal pollinators in 
the reproductive success of Inga sessilis (Fabaceae). Plant Biology 
15: 317-327

Amorim TMB, Soares AA, Forni-Martins ER, Muniz CR, Westerkamp C. 
2017. Ricochet pollination in Senna (Fabaceae) – petals deflect pollen 
jets and promote division of labour among flower structures. Plant 
Biology 19: 951-962. 

Arroyo MTK. 1981. Breeding systems and pollination biology in 
Leguminosae. In: Polhill RM, Raven PH. (eds.) Advances in legume 
systematics. Part II. Kew, Royal Botanical Garden. p. 723-769.

Augspurger CK. 1980. Mass-flowering of a tropical shrub (Hybanthus 
pronifolius), influence on pollinator attraction and movement. 
Evolution 34: 475-488.

Ávila RSJ, Pinheiro M, Sazima M. 2015. The generalist Inga subnuda 
subsp. luschnathiana (Fabaceae): negative effect of floral visitors on 
reproductive success? Plant Biology 17: 728-33

Baker HG, Bawa KS, Frankie GW, Opler PA. 1983. Reproductive biology 
of plants in tropical forests. In: Golley FB. (ed.) Tropical rain forest 
ecosystems: structure and function, ecosystems of the world. 
Amsterdam, Elsevier. p. 183-215.

Bawa KS. 1974. Breeding systems of tree species of a lowland tropical 
community. Evolution 28: 85-92.

Bawa KS. 1990. Plant-pollinator interactions in tropical rain forests. 
Annual Review of Ecology and Systematics 21: 399-422.

Bawa KS, Bullock SH. 1989. Seed: ovule rations, selective seed abortion, 
and mating systems in Leguminosae. Monographs in Systematic 
Botany from the Missouri Botanical Garden 29: 243-62.

Bawa KS, Bullock SH, Perry DR, Coville RE, Grayum MH. 1985a. 
Reproductive biology of tropical lowland rain forest trees. II. Pollination 
systems. American Journal of Botany 72: 46-356.

Bawa KS, Perry DR, Beach JH. 1985b. Reproductive biology of tropical 
lowland rain forest trees. I. Sexual systems and incompatibility 
mechanisms. American Journal of Botany 72: 331-345.

Bawa KS, Webb JC. 1984. Flower, fruit abortion in tropical trees; 
implications for the evolution of paternal and maternal reproduction 
patterns. American Journal of Botany 71: 736-51.

Bencke CC, Morellato PLC. 2002. Comparação de dois métodos de avaliação 
da fenologia de plantas, sua interpretação e representação. Revista 
Brasileira de Botânica 25: 269-275.

Borges LA, Sobrinho MS, Lopes AV. 2008. Phenology, pollination, and 
breeding system in the threatened tree Caesalpinia echinata Lam. 
(Fabaceae), and a review of studies on the reproductive biology in 
the genus. Flora 204: 111-130.

Brito VLG, Pinheiro M, Sazima M. 2010. Sophora tomentosa e Crotalaria 
vitellina (Fabaceae): biologia reprodutiva e interações com abelhas 
na restinga de Ubatuba, São Paulo. Biota Neotropica 10: 185-192.

Brito VLG, Rech AR, Ollerton J, Sazima M. 2017. Nectar production, 
reproductive success and the evolution of generalised pollination 
within a specialised pollen-rewarding plant family: a case study using 
Miconia theizans. Plant Systematics and Evolution 303: 709-718.

Brito VLG, Sazima M. 2012. Tibouchina pulchra (Melastomataceae): 
reproductive biology of a tree species at two sites of an elevational 
gradient in the Atlantic rainforest in Brazil. Plant Systematics and 
Evolution 298: 1271-1279.

Buchmann S. 1983. Buzz pollination in angiosperms. In: Jones CE, Little 
RJ. (eds.) Handbook of experimental pollination biology. New York, 
Van Nostrand & Reinhold. p. 73-113

Buchmann S. 1985. Bees used vibration to aid pollen collection from non-
poricidal flowers. Journal Kansas Entomological Society. 53: 517-525.

Buzato S, Sazima M, Sazima I. 2000. Hummingbird-pollinated floras at 
three Atlantic forest sites. Biotropica 13: 824-841.

Carvalho DA, Oliveira PE. 2003. Biologia reprodutiva e polinização de Senna 
sylvestris (Vell.) H.S. Irwin & Barneby (Leguminosae, Caesalpinioideae). 
Revista Brasileira de Botânica 26: 319-328.

Cocucci AA, Galetto L, Sersic A. 1992. El sindrome floral de Caesalpinia 
gilliesii (Fabaceae-Caesalpinioideae). Darwiniana 31: 111-135.

Dafni A, Kevan PG, Husband BC. 2005. Practical pollination biology. 
Cambridge, Enviroquest. 

Delpino F. 1868. Ulteriori osservazioni e considerazioni sulla dicogamia 
nel regno vegetale. Atti Della Società Italiana di Scienze Naturali 
11/12: 39-68. 

Dormann CF, Gruber B, Fründ J. 2008. Introducing the bipartite package: 
analysing ecological networks. R News 8: 8-11.

Dulberger R. 1981. The floral biology of Cassia didymobotrya and C. 
auriculata (Caesalpiniaceae). American Journal of Botany 68: 1350-
1360.

Endress PK. 1994. Diversity and evolutionary biology of tropical flowers. 
Cambridge, Cambridge University Press.

Etcheverry AV, Protomastro JJ, Westerkamp C. 2003. Delayed autonomous 
self-pollination in the colonizer Crotalaria micans (Fabaceae-
Papilionoideae): structural and functional aspects. Plant Systematics 
and Evolution 239: 15-28.

Faegri K, Pijl L. 1979. The Principles of Pollination Ecology. 3rd. edn. 
Oxford/ New York, Pergamon Press. 

Fournier LA. 1974. Un método cuantitativo para la medición de 
características fenológicas en árboles. Turrialba 24: 422-423.

Frankie GW, Haber WA, Opler PA, Bawa KS. 1983. Characteristics and 
organization of the large bee pollination systems in the Costa Rican 
dry forest. In: Jones CE, Little RJ. (eds.) Handbook of experimental 
pollination biology. New York, Van Nostrand & Reinhold. p. 411-447.

Frankie GW, Opler PA, Bawa KS. 1976. Foraging behaviour of solitary 
bees: implications for outcrossing of a Neotropical forest tree species. 
Journal of Ecology 64: 1049-1057.

Frankie GW, Rizzardi M, Vinson SB, Griswold TL. 2009. Decline in bee 
diversity and abundance from 1972-2004 on a flowering leguminous 
tree, Andira inermis in Costa Rica at the interface of disturbed dry 



Diagramação e XML SciELO Publishing Schema: www.editoraletra1.com.br

Mardiore Pinheiro, Vinicius Lourenço Garcia de Brito and Marlies Sazima

424 Acta Botanica Brasilica - 32(3): 410-425. July-September 2018

forest and the urban environment. Journal Kansas Entomological 
Society 82: 1-20.

Freitas CV, Oliveira PE. 2002. Biologia reprodutiva de Copaifera langsdorfii 
Desf. (Leguminosae, Caesalpinioideae). Revista Brasileira de Botânica 
25: 311-321.

Freitas L, Sazima M. 2006. Pollination biology in a tropical high-altitude 
grassland in Brazil: interactions at the community level. Annals of 
the Missouri Botanical Garden 93: 465-516.

Gentry AH. 1974. Flowering phenology and diversity in tropical 
Bignoniaceae. Biotropica 6: 64-68.

Gottsberger G, Silberbauer-Gottsberger I. 1988. Evolution of flowers 
structures and pollination in Neotropical Cassiinae (Caesalpiniaceae) 
species. Phyton 28: 293-320.

Janzen DH. 1971. Euglossine bees as long-distance pollinators of tropical 
plants. Science 171: 203-205.

Jausoro M, Galetto L. 2001. Producción de flores y frutos en una especie 
andromonoica: Caesalpinia gilliesii (Fabaceae). Kurtziana 29: 15-25.

Jesson LK, Barrett SCH. 2002. Enantiostyly: solving the puzzle of mirror-
image flowers. Nature 417: 707.

Jesson LK, Barrett SCH. 2005. Experimental tests of the function of mirror-
image flowers. Biological Journal of the Linnean Society 85: 167-179

Kearns CA, Inouye DW. 1993. Techniques for pollination biologists. 
Colorado, University Press of Colorado.

Koch L, Lunau K, Wester P. 2017. To be on the safe site – Ungroomed 
spots on the bee’s body and their importance for pollination. PLOS 
ONE 12: 0182522. doi: 10.1371/journal.pone.0182522

Köppen W. 1948. Climatologia: com um estudio de los climas de la tierra. 
Ciudad de México, Fondo de Cultura Económica.

Kudo G. 2006. Flowering phenologies of animal-pollinated plants: 
reproductive strategies and agents of selection. In: Harder LD, Barret 
SCH. (eds.) Ecology and evolution of flowers. New York, Oxford 
University Press. p. 139-157

Laporta C. 2005. Floral Biology and reproductive system of enantiostylous 
Senna corymbosa (Caesalpiniaceae). Revista de Biologia Tropical 53: 
49-61.

Lewis G, Gibbs P. 1999. Reproductive biology of Caesalpinia calycina and 
C. pluviosa (Leguminosae) of the Caatinga of north-eastern Brazil. 
Plant Systematics and Evolution 217: 43-53.

Lopes AVFE, Machado IC. 1996. Biologia floral de Swartzia pickelii  
Killip ex Ducke (Leguminosae-Papilionoideae) e sua polinização por 
Eulaema spp. (Apidae-Euglossini). Revista Brasileira de Botânica 
19: 17-24.

Luca PA, Vallejo-Marín M. 2013. What’s the ‘buzz’ about? The ecology 
and evolutionary significance of buzz-pollination. Plant Biology 16: 
429-435.

Luo Z, Zhang D, Renner SS. 2008. Why two kinds of stamens in 
buzzpollinated flowers. Experimental support for Darwin’s division-
oflabour hypothesis. Functional Ecology 22: 794-800.

Luo,Z, Gu L, Zhang DX. 2009. Intrafloral differentiation of stamens in 
heterantherous flowers. Journal of Systematics and Evolution 47: 
43-56.

Mayer C, Adler L, Armbruster WS, et al. 2011. Pollination ecology in the 
21st Century: Key questions for future research. Journal of Pollination 
Ecology 3: 8-23.

Mitchell RJ, Irwin RE, Flanagan RJ, Karron JD. 2009. Ecology and evolution 
of plant-pollinators interactions. Annals of Botany 1-3: 1355-1363.

Moço MC, Pinheiro MCB. 1999. Pollination Ecology of Swartzia apetala 
Raddi var. apetala (Leguminosae-Papilionoideae). Brazilian Archives 
of Biology and Technology 42: 415-423.

Morellato PC, Haddad CFB. 2000. The Brazilian Atlantic Forest. Biotropica 
32: 785-956.

Morellato PC, Talora DC, Takahasi A, Bencke CC, Romera EC, Zipparro V. 
2000. Phenology of Atlantic rain forest trees: a comparative study. 
Biotropica 32: 811-823.

Myers N, Mittermeier RA, Mittermeier CG, Fonseca GAB, Kent J. 2000. 
Biodiversity hotspots for conservation priorities. Nature 403: 853-858.

Newstrom LE, Frankie GW, Baker HG. 1994a. A new classification for plant 
phenology based on flowering patterns in low tropical rain forest trees 
at La Selva, Costa Rica. Biotropica 26: 141-159.

Newstrom LE, Frankie GW, Baker HG, Colwell RK. 1994b. Diversity of 
long-term flowering patterns. In: McDate LA, Bawa KS, Hespenheid 
HA, Hartshorn GS. (eds.) La Selva: Ecology and natural history of 
a neotropical rain forest. Chicago, University of Chicago Press. p. 
142-160.

Oliveira-Filho A, Fontes MAL. 2000. Patterns of floristic differentiation 
among Atlantic forests in south-eastern Brazil, and the influence of 
climate. Biotropica 32: 793-810.

Ollerton J. 2017. Pollinator diversity: distribution, ecological function, and 
conservation. Annual Review of Ecology and Systematics 48: 353-376.

Ollerton J, Johnson SD, Hingston AB. 2006. Geographical variation 
in diversity and specificity of pollination systems. In: Waser NM, 
Ollerton J. (eds.) Plant-pollinator interactions: from specialization 
to generalization. Chicago, University Chicago Press. p. 283–308. 

Ollerton J, Winfree R, Tarrant S. 2011. How many flowering plants are 
pollinated by animals? Oikos 120: 321-326.

Papaj DR, Buchmann SL, Russell AL. 2017. Division of labor of anthers in 
heterantherous plants: flexibility of bee pollen collection behavior may 
serve to keep plants honest. Arthropod-Plant Interactions 11: 1-9.

Pellmyr O. 2002. Pollination by animals. In: Herrera CM, Pellmyr O. (eds.) 
Plant-animal Interactions an Evolutionary Approach. Oxford, Blackwell 
Publishing. p. 157-184.

Pijl L. 1954. Xylocopa and flowers in the tropics. I-II. Proceedings of the 
Koninklijke Nederlandse Akademie Van Wetenschappen. Series C. 
Biological and Medical Sciences 57: 413-423, 541-551.

Potts SG, Biesmeijer JC, Kremen C, Neumann P, Schweiger O, Kunin WE. 
2010. Global pollinator declines: trends, impacts and drivers. Trends 
in Ecology and Evolution 25: 345-353.

Prata-de-Assis-Pires JPA, Freitas L. 2008. Reproductive biology of two 
tree species of Leguminosae in a montane rain forest in southeastern 
Brazil. Flora 203: 491-498.

Radford AE, Dickinson WC, Massey JR, Bell CR. 1974. Vascular plant 
systematics. New York, Harper & Row. 

Ramalho M. 2004. Stingless bees and mass flowering trees in the canopy 
of Atlantic forest: a tight relationship. Acta Botanica Brasilica 18:  
37-47.

Rathcke B, Lacey EP. 1985. Phenological patterns of terrestrial plants. 
Annual Review of Ecology and Systematics 16: 179-214.

Ribeiro RA, Lovato MB. 2004. Mating system in a Neotropical tree species, 
Senna multijuga (Fabaceae). Genetics and Molecular Biology 27: 418-
424.

Rocca MAA, Sazima M, 2008. Ornithophilous canopy species in the Atlantic 
rain forest of southeastern Brazil. Journal of Field Ornithology 79: 
130-137.

Rocca MAA, Sazima M, Sazima I. 2006. Woody woodpecker enjoys soft 
drinks: the blond-crested woodpecker seeks nectar and pollinates 
canopy plants in south-eastern Brazil. Biota Neotropica 6: 1-9.

Roubik DW. 1989. Ecology and natural history of tropical bees. New York, 
Cambridge University Press.

Sazima I, Pinheiro M, Sazima M. 2009. A presumed case of functional 
convergence between the flowers of Schizolobium parahyba (Fabaceae) 
and species of Malpighiaceae. Plant Systematics and Evolution 281: 
247-250.

SEMA – Secretária Estadual do Meio Ambiente. 2006. Plano de manejo 
do Parque Estadual da Serra do Mar. http://iflorestal.sp.gov.br/
files/2013/03/Plano_de_Manejo_Pe_Serra_do_Mar.pdf. 

Stiles FG. 1977. Coadapted competitors: the flowering seasons of 
hummingbird-pollinated plants in a tropical forest. Science 198: 
1177-8.

Talora DC, Morellato PC. 2000. Fenologia de espécies arbóreas em floresta 
de planície litorânea do sudeste do Brasil. Revista Brasileira de Botânica 
23: 13-26.

Thomann M, Imbert E, Devaux C, Cheptou P-O. 2013. Flowering 
plants under global pollinator decline. Trends in Plant Science 18:  
353-359.

Vallejo-Marín M, Manson JS, Thomson JD, Barrett SCH. 2009. Division 
of labour within flowers: heteranthery, a floral strategy to reconcile 
contrasting pollen fates. Journal of Evolutionary Biology 22: 
 828-839.



Pollination biology of melittophilous legume tree species in the Atlantic rainforest Forest in southeastern Brazil

Diagramação e XML SciELO Publishing Schema: www.editoraletra1.com.br

425Acta Botanica Brasilica - 32(3): 410-425. July-September 2018

Vallejo-Marín M, Silva MEM, Sargent RD, Barrett SCH. 2010. Trait 
correlates and functional significance of heteranthery in flowering 
plants. New Phytologist 188: 418-425.

Vogel S. 1978. Evolutionary shifts from reward to deception in pollen 
flowers. In: Richards AJ. (ed.) The pollination of flowers by insects. 
London, Academic Press. p. 89-96.

Ward MC, Dick W, Gribel R, Lowe AJ. 2005. To self, or not to self, a review 
of outcrossing and pollen-mediated gene flow in Neotropical trees. 
Heredity 95: 246-254.

Westerkamp C. 1997. Keel blossoms with adaptations against bees. Flora 
192: 125-132.

Westerkamp C. 2004. Ricochet pollination in Cassias – and how bees  
explain enantiolstyly. Preliminary communication. In: Freitas 
MB, Pereira JOP. (eds.) Solitary bees: conservation, rearing and 
management for pollination. Fortaleza, Imprensa Universitária. p. 
225-230.

Wilcock C, Neiland R. 2002. Pollination failure in plants: why it happens 
and when it matters. Trends in Plant Science 7: 270-277.

Wolowski M, Freitas L. 2010. Sistema reprodutivo e polinização de Senna 
multijuga (Fabaceae) em Mata Atlântica Montana. Rodriguésia 61: 
167-179.


