
Vol.:(0123456789)1 3

Protoplasma (2023) 260:1555–1567 
https://doi.org/10.1007/s00709-023-01871-5

ORIGINAL ARTICLE

Diversity and functional roles of floral glands in Malpighiaceae: 
insights in Lophopterys floribunda W.R. Anderson & C. Davis

Miller Melo Sanches1   · Isabel Reis Guesdon2   · Renata Maria Strozi Alves Meira1 

Received: 20 December 2022 / Accepted: 1 June 2023 / Published online: 20 June 2023 
© The Author(s), under exclusive licence to Springer-Verlag GmbH Austria, part of Springer Nature 2023

Abstract
Lophopterys floribunda is a Neotropical species of Malpighiaceae endemic to Brazil, occurring in both the Amazon and 
Atlantic Forest. Instead of the typical bi-glandular sepals reported for Neotropical Malpighiaceae, this species presents 
a single, large gland on the lateral sepals. In addition, ant patrolling was observed at the apex of bracts and bracteoles 
during fieldwork. Thus, this work aimed to describe the sepalar gland of L. floribunda and other secretory structures in 
its flowers and inflorescence. Samples of bracts, bracteoles, sepals, petals, and anther were collected and submitted to 
usual anatomical techniques. Unexpected nectaries at the apex of bracts and bracteoles, not visible to the naked eye, were 
described and represent a new type of structure for the family due to both their position and size. Mutualistic ants consume 
the exudate produced by these tiny nectaries, and such structures enable a specific visitation pattern for Lophopterys. Typical 
epithelial elaiophores occur on the lateral sepals, formed by an invaginated epidermis, which predominantly produce lipid 
secretion. The petal marginal glands are anatomically similar to the standard type of colleter, which exude mucilaginous 
substances. The exudate produced by the petal marginal glands was considered to have an additional role of contributing 
to the maintenance of the closed bud during the beginning of development. The globose epidermal cells containing lipids, 
proteins, and polysaccharides observed in the connective may be responsible for the typical aroma emitted by these flowers. 
The diversity of secretory structures reported here has application in both systematic and ecological studies of Malpighiaceae.
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Introduction

Lophopterys floribunda is an endemic species of Brazil 
with a large, single gland on its lateral sepals, distinguish-
ing it from other Neotropical species of Malpighiaceae, 
which have well-preserved floral morphology with a pair 
of sepal glands (Anderson and Davis 2001). Sepal glands 

of Neotropical Malpighiaceae are described as elaiophores, 
which are glands that produce non-volatile oils that are 
predominantly lipophilic or mixed secretion (Vogel 1990; 
Araújo et al. 2010; Guesdon 2017; Possobom and Machado 
2017). The secretion produced by elaiophores is assumed 
to be attractive to specialized oil-collecting bees that act as 
pollinators (Renner and Schaefer 2010; Mello et al. 2013; 
Davis et al. 2014). Therefore, in this work, we evaluate the 
functional role of the exceptional sepal gland and other floral 
glands heretofore unexplored for L. floribunda.

The presence of elaiophores and zygomorphic flowers 
has been emphasized as a striking feature of Neotropical 
Malpighiaceae (Anderson 2004; Davis and Anderson 2010). 
Such conservation of floral morphology has been related to 
the oil-collecting bees that are endemic to the Neotropics 
(Anderson 1979; Vogel 1990; Davis et al. 2014). Most species 
of Neotropical Malpighiaceae have pairs of elaiophores 
that occur on five or four sepals (Vogel 1990; Davis and 
Anderson 2010). Due to the absence of oil-collecting bee  
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species in the Paleotropics, Malpighiaceae species (≈ 150 
species) there exhibit diverse floral morphologies, generally 
lacking floral zygomorphy with the absence, or reduced 
number and size, of sepal glands (Davis and Anderson 2010; 
Davis et al. 2014; Guesdon et al. 2019). It is interesting to 
note that, even when present, the sepal glands of Paleotropical 
species, such as those of Acridocarpus and Hiptage, act as 
nectaries, since they secrete nectar and not oils (Anderson 
1979; Vogel 1990; Guesdon et al. 2019; Ren et al. 2013).

In addition to elaiophores, osmophores and nectaries have 
also been reported for flowers and inflorescences within 
Malpighiaceae (Anderson 1990; Possobom et  al. 2015; 
Guesdon 2017; Guesdon et al. 2019; Possobom and Machado 
2017, 2018). Clarification of the types of floral secretory 
structures contributes to the understanding of ecological 
relationships and supports taxonomic and evolutionary 
studies. Several insects have already been reported as visitors 
to Malpighiaceae flowers, such as pollen-collecting bees, ants, 
and beetles, whose behavior is not directly related to pollination 
(Alves-Silva et al. 2014; Barônio et al. 2017). In general, floral 
visitors of Malpighiaceae seek a reward, which can be oil-resin, 
nectar, or even mucilage (Pearse 1980; Subramanian et al. 
1990; Possobom et al. 2015; Araújo and Meira 2016; Nery 
et al. 2017; Guesdon 2017; Anderson and Anderson 2018; 
Matos and Araújo 2021). The unusual behavior of an ant patrol 
route was observed in the inflorescence of L. floribunda during 
fieldwork and suggests the presence of secretory structures not 
yet registered for the species.

Anatomical and histochemical analyses are essential to 
define the chemical characteristics of secretion and ensure 
the correct characterization of glands, especially in floral 
secretory structures of Malpighiaceae (Possobom et  al. 
2015; Guesdon 2017; Possobom and Machado 2017, 2018). 
Therefore, this study aimed to anatomically describe in detail 
the floral secretory structures of Lophopterys floribunda, 
focusing on: (a) the description of morphological floral 
structures and patrolling visitors; (b) morpho-functional 
characterization of the sepal gland; (c) investigation of the 
existence of floral secretory structures not yet reported for 
the species and describing them; and (d) identifying the 
secretory structures responsible for exudates that attract 
visitors to the inflorescence and flowers.

Material and methods

Field observations and sample collection

Lophopterys floribunda WR Anderson & CC Davis 
(Malpighiaceae) has a disjunct distribution, occurring in the 
Amazon Forest, dryland forests, and the Atlantic Forest of 
the states of Bahia, Espírito Santo, Minas Gerais, and Rio 
de Janeiro in Brazil (BFG 2015). Fieldwork was performed 

at the Reserva Particular do Patrimônio Natural Feliciano 
Miguel Abdala (RPPN-FMA), located between the cities of 
Caratinga and Ipanema (Minas Gerais, Brazil). Collections 
were carried where the highest occurrence of individuals of 
the species was observed (S 19° 44′ 42.1″ W 41° 49′ 15.4″). 
Voucher material was herborized and deposited in the 
herbarium of the Federal University of Viçosa, UFV (VIC), 
under numbers 53553–53,556. Representative samples of L. 
floribunda (Mota, C. D. A. da 66,954; Lima, E. S 115432) 
from distinct populations were also obtained from vouchers 
to assess anatomical variation in gland structure.

Field expeditions were performed during the flowering 
period (September/October 2017 and 2018). The pattern 
of inflorescence visitation by insects was observed on 
4 days, in the morning and afternoon from 6 am to 5 pm. 
Visitor behavior was described based on field observations 
of control branches from a subsample of five L. floribunda 
plants. Visitor activities were recorded as images and 
videos using a Nikon D7000 photographic camera (Japan). 
Collected visitors were identified and incorporated into the 
Myrmecological Collection of the Community Ecology 
Laboratory (LABEL) of the Entomology Department at UFV.

Sample processing for light microscopy 
and histochemistry

Inflorescence type was classified according to Anderson 
(1981). Collected material was analyzed and photographed 
under a stereomicroscope (Stemi 2000-C Zeiss, Gottingen, 
Germany) equipped with a digital camera (AxioCam ERc; 
Zeiss, Gottingen, Germany). Anatomical and histochemical 
characterizations of secretory structures used flower buds 
and flowers collected at different stages of development from 
three specimens. The collected material was fixed in neutral 
buffered formalin (NBF) (Johansen 1940) or ferrous sulfate 
in neutral formalin (FSF), for the detection of phenolic 
compounds (Johansen 1940), for 48 h and stored in 70% 
ethanol. Some of the samples were kept in NBF fixative for 
histochemical tests. The presence of glucose in sepal gland 
exudate was tested by urinalysis tape (DFI CO Ltd. Republic 
of Korea).

Based on the visitation pattern of insects and observations 
made in the field and laboratory, fixed samples were 
dissected, and the fragments dehydrated in an ethanolic 
series and included in methacrylate (Historesina Leica 
Microsystems Nussloch GmbH, Heidelberg, Germany) for 
anatomical characterization. Transverse and longitudinal 
5-µm-thick sections of these samples were obtained with 
a rotary microtome with automatic advance (RM2155, 
Leica Microsystems Inc., Deerfield, USA) and stained with 
toluidine blue at pH 4.7 (O’Brien et al. 1964 modified). 
Permanent slides were mounted on Permount synthetic resin 
(Permount, Fisher Scientific, New Jersey, USA).
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The secretory structures found on bracteoles, sepals, pet-
als, and connective of anthers were subjected to histochemi-
cal tests. Sections were obtained by freehand cuts or using 
a rotary microtome. The following tests were performed: 
xylidine ponceau (Clark 1981) and Coomassie blue (Fisher 
1968) for total proteins; periodic acid–Schiff reagent (PAS) 
for total polysaccharides (McManus 1948); ruthenium 
red for either mucilage or pectin (Johansen 1940); Lugol 
reagent for starch (Johansen 1940); Fehling’s reagent for 
reducing sugars (Purvis et al. 1964); Sudan black B and/
or Sudan red for total lipids (Pearse 1980), NADI reagent 
for oil/oil-resin (David and Carde 1964); metachromasia in 
Toluidine blue (O’Brien et al. 1964); and ferrous sulfate 
in neutral formalin—FSF (Johansen 1940)—for structural 
and non-structural phenolic compounds. Observations and 
photographic documentation were performed using a light 
microscope (AX70TRF, Olympus Optical, Japan) equipped 
with an image capture system (Ax Cam, Zeiss, Germany).

Results

Morphological description and patrolling visitors 
in floral structures of Lophopterys floribunda

The inflorescence of Lophopterys floribunda has a brown 
to dark brown peduncle and is composed of elongated 
axillary thyrsi of thyrsi (Fig. 1A). Each thyrsi contains 
approximately 50 single flowers with acropetal maturity, 
occurring from the base to the apex (Fig. 1B). The calyx is 
brownish in color (Fig. 1C–D), due to the dense coverage 
of malpighiaceous trichomes and has an eglandular anterior 
sepal and a large-yellow gland that occupies most of the 
sepal (Fig. 1E). The activity of these glands is precocious, 
with secretion accumulated in protuberances present on 
the surface of flowers, without overflow, in pre-anthesis 
(Fig. 1E). The sepal glands show a change of color and 
surface conformation according to phenophase. From bud to 
open flower, the glands are yellow, and the surface is straight 
to slightly convex (Fig. 1E–F) with small projections dilated 
fully with secretion (Fig. 1E). After pollination, the glands 
acquire a green color and a concave surface, showing whitish 
traces due to scaling of the cuticle by oil-collecting bees 
(Fig. 1G), while the convex surface with the secretion of the 
previous phase is no longer evident (Fig. 1G).

The petals are always yellow, with the two cucullate latero-
anterior petals, two flat latero-posterior petals, and a reduced 
posterior petal with glandular fimbriae only on the margins 
of the basal portion of the limb, near the claw, conferring 
bilateral symmetry to the flower (Fig. 1H). The outermost 
petal is slightly more concave than the remaining petals, 
which are concave to flat (Fig. 1H). In this arrangement, the 

outermost petal covers the other petals during the bud phase. 
Dipping pre-anthesis and open flowers in the histochemical 
reagents Sudan red and Sudan black revealed strong staining 
of the sepal gland (Fig. 1I–K) and the apparently secretory 
portion of the connective in the open flower (Fig. 1J–K), 
showing the presence of lipid secretion.

Bees of the tribe Centridini were observed visiting the 
flowers. Marks on the posterior petal (Fig. 1L) evidence the 
visitation of these bees, which are attached in this region 
by their oral apparatus at the time of oil collection. Bees of 
the genus Trigona were also observed visiting the flowers 
and collecting pollen (Fig. 1B). The aroma perceived in the 
field can be directly related to the attraction of bees. The 
connective tissue of the anther possesses a small yellowish 
and dilated region with a secretory aspect (Fig. 1M).

At the base of the pedicel of each single-flowered cincinnus 
is a pair of bracteoles in opposite position and a small bract 
at the base of a short peduncle that is inserted between the 
bracteoles (Fig. 1N). Bracteoles and bracts are persistent, 
triangular and with numerous malpighiaceous trichomes, 
which confer a brownish color; glands visible to the naked 
eye were not observed (Fig. 1N–O). Many ants of the genera 
Azteca, Camponotus, Cephalotes, and Crematogaster were 
observed in intense activity of visitation to entire inflorescences 
(supplementary document), from the most proximal to 
the most distal part but especially in apices of bracteoles 
(Fig. 1O), throughout the investigated period (Fig. 1C–D). 
The feeding behavior of the ants was exploratory and random, 
indicating possible secretory structures in the regions, which 
were investigated by anatomical and histochemical analyses. 
The main change of development in the sepalar glands was 
morphological. We did not notice differences between all other 
floral glands according to phenophase.

Anatomical and histochemical descriptions 
of the sepal glands of Lophopterys floribunda

Sessile glands are present on all but the anterior sepal, which 
is eglandular (Fig. 2A). The median region is slightly con-
cave in cross-sectional view (Fig. 2A) and no signs of fusion 
were observed. The secretory epidermis of the sepal gland 
is composed of columnar cells, with dense cytoplasm and 
a prominent central nucleus, organized in a single palisade 
layer (Fig. 2B–D). The cuticle is thick and the epidermis 
forms countless invaginations that make the gland surface 
irregular (Fig. 2B–C). Below the epidermis, the secretory 
parenchyma consists of isodiametric cells of the underlying 
region where idioblasts accumulate. Both regions exhibit 
strongly greenish-blue stained contents using toluidine blue 
(Fig. 2C), indicating the presence of phenolic compounds 
(Fig. 2E, F), as confirmed by FSF (ferrous sulfate in neutral 
formalin). Xylem vascularizes the gland in the subepidermal 
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region (Fig. 2D). The adjacent parenchymal cells are larger 
than the cells in the subepidermal region, and phenolic 
compounds (Fig. 2E–F), druses (Fig. 2G–H), and starch 
(Fig. 2G) were found in randomly scattered idioblasts.

Secretion accumulates from bud to anthesis in large sub-
cuticular spaces of the secretory epidermis (Fig. 2I–M), as 
well as in the cytoplasm (Fig. 2I–N). This secretion reacted 
positively for polysaccharides (Fig. 2I–J), proteins (Fig. 2K), 
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lipids (Fig. 1I–K; 2L), and oil-resin (Fig. 2M–N). The thick 
cuticle was also strongly stained by Sudan (Fig. 2L). Cuticle 
detachment reveals a separation of the apical portion of the 
cells of the secretory epidermis (Fig. 2J–M). No glucose 
were detected in the exudate of the sepal gland for urinalysis 
tape tests.

Description of floral secretory structures with new 
records for Lophopterys floribunda

Bracts and bracteoles are covered by a dense tomentose 
indument consisting of malpighiaceous trichomes, except 
at the apex (Fig. 3A). In the field, ants were found constantly 
visiting these apices, which support a complete patrol of 
the entire inflorescence. For this reason, the apex of bracts 
and bracteoles was evaluated in detail. Unexpected glands, 
imperceptible to the naked eye, were unveiled at the apex, 
which are formed by columnar secretory epidermal cells 
(Fig. 3B–C). The secretory cells have thin walls and dense 
cytoplasm and cover a short non-secretory parenchymal axis 
that is vascularized by phloem (Fig. 3C). The cuticle is thick 
and secretion accumulation is observed on both wall and 
cuticle (Fig. 3C). The secretion accumulated reacting to the 
histochemical test for polysaccharides (Fig. 3D) and protein 
(Fig. 3E). Starch (Fig. 3F–G) and reducing sugars (glucose 
and fructose) (Fig. 3H–I) were detected in the cells of bracts 
and bracteoles.

The posterior petal is more internally positioned during 
the bud phase, which is followed by the latero-posterior 
petals and finally by the latero-anterior petals (Fig. 3J). Only 

the posterior petal has marginal glands at the apex of fimbriae 
(Fig. 3J). This structure is claviform, short pedunculated, 
and composed of a palisade-like secreting epidermis that 
covers a central axis vascularized by xylem (Fig.  3K). 
The cuticle is thin and is detached by the accumulation of 
secretion in subcuticular spaces (Fig. 3K–L). The secretory 
epidermal cells are elongated, have dense cytoplasm, a large 
nucleus, and thin walls (Fig. 3K–L). Intercellular spaces 
containing secretion were also observed (Fig. 3K–L). The 
parenchyma underlying the secretory epidermis is composed 
of isodiametric cells, mostly containing phenolic compounds 
(Fig. 3L). The secretory epidermis reacted positively for 
polysaccharides (Fig. 3M), mucilage (Fig. 3N), and proteins 
(Fig. 3O).

The anther connective gland was strongly stained with 
both red and black Sudan during fieldwork (Fig. 1J–K). 
Stereomicroscopy revealed the Sudan-stained region to 
be dilated (Fig. 1M), which is placed at the portion of the 
connective in the open flower (Fig. 3P). The connective 
cells are large, compressed, and bear thin walls, densely 
stained cytoplasm with numerous vesicles, and a large 
central nucleus (Fig.  3Q). The endothecium is formed 
by voluminous cells with wall thickenings that show a 
transversal bar pattern (Fig. 3Q). Idioblasts containing both 
phenolics and druses are common in the region underlying 
the endothecium (Fig. 3Q). Histochemical tests showed the 
presence of proteins (Fig. 3R), polysaccharides (Fig. 3S), 
lipids (Fig. 1J–K; 3T), and volatile oils (Fig. 3U) in the 
cytoplasm and inside the vesicles.

Discussion

The sepal glands of Lophopterys floribunda are 
elaiophores

The positive histochemical results for lipids, oil-resins, 
proteins, and polysaccharides in the secretion produced 
by the sepal glands of L. floribunda (Table 1) allow us 
to characterize them as elaiophores. Similar results have 
been reported for species of Banisteriopsis, Burdachia, 
Byrsonima, Diplopterys, Glandonia, Mcvaughia, 
Stigmaphyllon, and Peixotoa (Possobom et al. 2015; Araújo 
and Meira 2016; Possobom and Machado 2017; Guesdon 
2017; Guesdon et al. 2018; Almeida et al. 2019; Matos and 
Araújo 2021). Using the NADI reagent, the present work 
demonstrated the oil-resinous nature of the secretion of L. 
floribunda. Similar results were reported in species of the 
Mcvaughioide clade (Guesdon 2017; Almeida et al. 2019). 
The parenchyma adjacent to the secretory epidermis was 
strongly stained for phenolic compounds and possessed 
many druses. This may indicate a protection mechanism 
against herbivory, as the relationship with visiting ants has 

Fig. 1   Floral morphology and visitors of Lophopterys floribunda. A 
Inflorescence of thyrsi of thyrsi type. Note the dark brown color of 
the stem. B Thyrsi with buds, flowers, and fruits, showing the acro-
petal maturity of the flowers. Note a bee of the genus Trigona vis-
iting the open flower (square). C–D Ants visit under entire inflores-
cence in exploratory and random behavior. The red arrows indicate 
the route of the ants, from the most proximal to the most distal part 
of the inflorescence. E Floral bud showing the yellow sepal gland 
with a bulge due to the accumulation of secretion (white arrow). F 
Open flower showing the anterior eglandular sepal (ES) and the large 
gland occupying more than half of the sepal (SG). G Post-anthesis 
phase with the beginning of fruit formation. Note the green color of 
the sepal gland with whitish streaks due to the scaling of the cuticle 
(white arrow). H Open flower showing the zygomorphic symmetry. 
Note the reduced posterior petal (PP) with glandular fimbriae, a pair 
of latero-posterior petals (LP), and another pair of latero-anterior pet-
als (LA). I Floral bud showing red coloration resulting from a posi-
tive reaction for lipids on the sepal gland; note the small projections 
fully dilated of secretion (white arrow). J–K Positive reaction for 
lipids in the sepal gland and connective gland (arrows). L Mark of 
the buccal apparatus of oil collecting bees on the posterior petal (cir-
cle). M Stamen with yellowish gland present in the connective, the 
arrow indicates the anther gland. N Pair of bracteoles at the base of 
the pedicel and bract at the base of the peduncle, inserted between 
the bracteoles; the tinny glands are indicated by white arrows. O 
Ant feeding on the secretion produced by the bracteole. Bars: A–D: 
30 mm; E, G: 3 mm; F, H–J, N–O: 2 mm; K–M: 1 mm

◂
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Fig. 2   Anatomical description of sepal glands in Lophopterys flo-
ribunda. A Cross-section of the calyx stained with toluidine blue, 
showing the position of the sessile sepal glands. Note the eglandular 
anterior sepal (ES). B Sessile sepal gland in the longitudinal section 
of the sepal stained with toluidine blue. C Detail of the invagina-
tions of the secretory epidermis and thin cuticle. Note the greenish-
blue strongly stained region of the subepidermal and underlying 
parenchyma. D Section stained with toluidine blue showing the epi-
dermal secretory gland with columnar cells, dense cytoplasm, and a 
prominent central nucleus. Note the vascularization of the underly-
ing tissue by the xylem (xy). E–F Positive reaction for phenols with 
FSF (ferrous sulfate in neutral formalin) in the parenchymatic tissue 
of the gland. G Reaction with toluidine blue against Lugol reagent 

staining. Note the starch grains near the vascular cylinder of the flo-
ral bud (black arrow), the phenolic compounds in greenish-blue, and 
the druse (white arrow). H Druses under polarized light present in the 
underlying tissue of the gland. I–J Positive reaction for PAS, cuticu-
lar extract strongly marked by magenta color, note secretion accumu-
lated in the subcuticular space (arrows) and the separation of the api-
cal portion of the cells of the secretory epidermis. K Positive reaction 
for proteins with Coomassie blue note the blue secretion accumulated 
(arrow). L Positive reaction for Sudan red for detection of lipids, note 
the red secretion accumulated (arrow). M–N Positive reaction for the 
NADI reagent. Note the blue/violet secretion in N (arrow). Bars: A: 
700 μm; B: 300 μm; C: 100 μm; D–E, K–L, N: 50 μm; F: 400 μm; G: 
30 μm; H: 200 μm; I: 100 μm; J: 30 μm; M: 20 μm
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been studied in Malpighiaceae before (Fernandes et al. 2005; 
Alves-Silva et al. 2014).

There is structural diversity of elaiophores within Mal-
pighiaceae, and they may be an adaptation to improve inter-
actions with pollinators (Aliscioni et al. 2022). Although the 
sepal gland of L. floribunda has a reduced number of glands 
per calyx and a different external morphology, especially 
in size when compared to other groups of Malpighiaceae 
(Anderson and Davis 2001), it does not differ anatomically 
from the elaiophores described for some species of the fam-
ily. These glands correspond to the epithelial type, as they 
are made up of a layer of palisade secretory epidermal cells, 
with a generally thick cuticle, below of which parenchyma is 
present. Vascular bundles emerge from the sepal and gradu-
ally fuse until reaching the secretory epidermis of the elaio-
phores. This anatomical structure is common to elaiophores 
and has been reported for many species of Malpighiaceae 
(Possobom et al. 2015; Araújo and Meira 2016; Guesdon 
2017; Possobom and Machado 2017, 2018).

The elaiophore of L. floribunda is sessile, as in Burdachia 
spp. (Guesdon 2017), but differs from those of Banisterio-
psis spp. (Araújo and Meira 2016; Possobom and Machado 
2017), Diplopterys spp. (Possobom et al. 2015), Glandonia 
spp., and Mcvaughia spp. (Almeida et al. 2019; Guesdon 
et al. 2018), which are subsessile. Although having this dis-
tinction, apparently no differential functional role is evident, 
being only part of the diversity of this trait, which acquires 
taxonomical importance, as recorded for the Mcvaughioide 
clade (Guesdon 2017; Guesdon et al. 2018; Almeida et al. 
2019). The irregular secretory epidermis with invaginations 
observed in the elaiophores of L. floribunda has also been 
registered in several Neotropical species, such as those of 
Banisteriopsis, and Paleotropical species, such as those of 
Hiptage (Araújo and Meira 2016; Possobom and Machado 
2017; Subramanian et al. 1990). On the other hand, these 
invaginations are absent from the Mcvaughioide clade 
(Almeida et al. 2019), which may reflect some phylogenetic 
relationship or differentiated secretion dynamics for this 
group.

Nectar, pollen, oil-resins, and flower essences are exam-
ples of flower resources that may be used by animals that 
repeatedly visit flowers and inflorescences, leading to pol-
lination (Simpson and Neff 1981). Therefore, oil produc-
tion combined with bilateral symmetry in L. floribunda rein-
forces the existing correlation between Neotropical species 
of Malpighiaceae and their effective pollinators—the oil-col-
lecting bees (Renner and Schaefer 2010; Mello et al. 2013; 
Barônio et al 2017). Bees of the tribe Centridini are endemic 
to the Neotropics and are regular consumers of exudate sepal 
glands of species of Malpighiaceae (Simpson and Neff 1981; 
Vogel 1990). As observed for Lophopterys, these bees are 
recurrent visitors to species of Banisteriopsis, Byrsonima, 

Heteropterys, and Peixotoa (Barônio and Torezan-Silingardi 
2017).

As previously explored, most Neotropical Malpighiaceae 
have elaiophores (Possobom et al. 2015; Araújo and Meira 
2016; Guesdon 2017; Guesdon et al. 2018; Almeida et al. 
2019; Possobom and Machado 2017), as for L. floribunda of 
the present study. However, the sepal glands of species of the 
Paleotropical Acridocarpus were anatomically described as 
nectaries (Guesdon et al. 2019). A floral trend of the lack or 
reduction of sepal glands is noticed for Paleotropical species, 
which was interpreted as a response to the absence of selec-
tive pressure from oil collecting bees in the Paleotropics 
(Vogel 1990). The single sepal elaiophore of L. floribunda 
(numerical reduction) might have been compensated for by 
its larger size, since it occupies more than 50% of the sepal 
surface. Although no morphoanatomical evidence of fusion 
has been observed, the single large sepalar gland suggests 
a fusion event of two small glands, as observed in Acrido-
carpus (Guesdon et al. 2018). This characteristic was also 
reported in taxonomic works on other species of Lophop-
terys (Anderson and Davis 2001) and for species of Jube-
lina and Mezia, two Amazonian climbing genera (Anderson 
1990; Anderson and Anderson 2018). In this case, it seems 
that the reduction in the number, the increase in the size, and 
the yellow color of the sepalar gland might be a strategy to 
maximize oil resource performance, making the gland more 
visible and allowing more secretion to be collectible by pol-
linating bees. In addition, the presence of only one gland in 
each sepal of L. floribunda, the climbing species, can still 
represent a trait derived from the ancestral condition of two 
glands per sepal in climbing Neotropical Malpighiaceae.

The tiny glands of the apex of bracts and bracteoles 
in  Lophopterys floribunda are nectaries

The presence of tiny glands at the apex of bracts and brac-
teoles of L. floribunda is registered here for the first time, 
which correspond to nectaries. The presence of glands on 
the adaxial face of bracts and bracteoles is a characteris-
tic of extreme importance in Malpighiaceae and has been 
extensively used to better delimitate genera, such as Acri-
docarpus, Amorimia, Bunchosia, Burdachia, Glandonia, 
and Mcvaughia (Guesdon 2017; Guesdon et al. 2018; 2019; 
Almeida et al. 2016, 2018, 2019). The presence of such 
glands was not mentioned in a taxonomic review of Lophop-
terys (Anderson and Davis 2001; Almeida et al. 2016) and 
was probably overlooked given that detailed anatomical 
study is necessary to best detect them and provide addi-
tional taxonomic information and insight into the phyloge-
netic evolution of features.

The glands of the apex of the bracts and bracteoles of 
L. floribunda are comprised of a short peduncle that is 
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vascularized by phloem and covered by secretory epidermis 
with elongated columnar cells, which exude polysaccharides, 
protein, and reducing sugars secretion. Such characteristics 
allow these structures to be classified as nectaries and are 
in accordance with other records of extrafloral nectaries 
(EFNs) in Malpighiaceae (Araújo et al. 2010; Possobom 
et al. 2010; Nery et al. 2017; Guesdon 2017). Species of 
the Mcvaughioide clade also have bracteolar glands that 
are nectaries (Guesdon 2017). The nectaries of bracts and 
bracteoles of L. floribunda are anatomically like those of the 
Mcvaughioide clade (Guesdon 2017) and leaves of several 
species of Banisteriopsis (Araújo and Meira 2016) and other 
species present in the Brazilian Cerrado (Machado et al. 
2008), being composed of a palisade secretory epidermis 
and vascularized nectary parenchyma. The abaxial 
bracteoles of Burdachia, Glandonia, and Mcvaughia bear 
one conspicuous centrally positioned nectary (Guesdon 
2017), which differs from those of the bracteoles of 
Lophopterys, which are tiny in size (not being perceptible 
to the naked eye) and positioned on the apex of bracts and 

bracteoles; glands on bracts have not been recorded for the 
Mcvaughioide clade (Guesdon 2017).

According to location, the nectaries of bracts and bracteoles 
of L. floribunda can be classified as floral (Caspary 1848), 
even though they seem to bear no direct relationship with pol-
lination. The observed visitation of ants to the nectaries of L. 
floribunda suggests a mutualistic protection interaction against 
herbivory of reproductive organs by insects, as reported for the 
Mcvaughioide clade (Guesdon 2017) and Byrsonima crassi-
folia (Fernandes et al. 2005). The presence of proteins might 
indicate a supply to the dietary needs of the ants, thus ensuring 
the successful interaction with nectaries (floral and extraflo-
ral) reported in the family (Possobom et al. 2010; Araújo and 
Meira 2016; Guesdon 2017). Starch is considered a product of 
the storage stage that allows the release of nectar by the nec-
taries throughout the day (Pacini et al. 2003). Therefore, the 
starch detected in all tissues of the gland of the bracts and brac-
teoles of Lophopterys floribunda, as well as the observation in 
the field of an intense visitation activity of ants with feeding 
behavior (complementary document). Both the ant behavior 
and the presence of reducing sugar (glucose and fructose) 
are arguments for classifying this gland as a nectary. Tests 
for mucilage were negative for Lophopterys, similar to those 
observed for the bracteoles glands of Burdachia, Glandonia, 
and Mcvaughia (Guesdon 2017).

Ants of the genera Cephalotes, Crematogaster, and 
Camponotus were visitors of the inflorescences of L. flori-
bunda and consumed nectar from bracts and bracteoles to 
be continuous until after senescence of the flowers in inflo-
rescences. Ants were more evident in number and species 
diversity compared to bees. The behavior of the ants fol-
lowed the same repeated pattern, starting at the base of the 
inflorescence, stooping to bracts and bracteoles, petals, and 
ending in the young shoots. This behavior is equivalent to 
what was reported for the Mcvaughioide clade, with ants 
stooping to feed on bracteolar nectaries and patrolling the 
entire inflorescence (Guesdon 2017). For Malpighiaceae, 
nectar consumption by leaf-visiting ants has been observed 
in species of Banisteriopsis, Burdachia, Byrsonima, Glan-
donia, Diplopterys, Mcvaughia, and Heteropterys (Araújo 
et al. 2010; Possobom et al. 2010; Guesdon 2017; Nery et al. 
2017). Species of Camponotus were registered in leaf nec-
taries of D. pubipetala (Possobom et al. 2010) and inflo-
rescences of species of Burdachia and Mcvaughia. Ants of 
the genus Crematogaster also visit species of Glandonia 
and Burdachia (Guesdon 2017). The presence of species of 
Cephalotes, Crematogaster, and Camponotus at leaf nec-
taries of Chamaecrista spp. (Leguminosae) demonstrated 
the strong relationship and importance of nectar produced 
by nectaries in increasing fruit generation (Baker-Méio and 
Marquis 2012). The registration of visitors, as evidenced in 
the present study, is a strong indication of the presence of 

Fig. 3   Anatomical description of the glands on bracteoles, petals, 
and connective in Lophopterys floribunda, visualized in longitudinal 
section of glands. A–C, J–L, P–Q were stained with toluidine blue. 
A Pedicel showing the glands located at the apex of each bracteole 
(arrows). B Bracteole apex gland with short parenchymal axis and 
adaxial face covered by trichomes. C Bracteole gland with thick cuti-
cle, epidermis with columnar cells, and subepidermal cells vascular-
ized by the phloem (pl). D Positive reaction to PAS for polysaccha-
rides, note the magenta color of the secretion (arrows). E Bracteole 
gland showing the positive reaction to Coomassie blue for protein 
evidenced by blue color (arrows). F–G Positive reaction to Lugol 
for starch blackened stained. H–I Positive reaction to Fehling test 
for reducing sugar, note the dark content inside cells. J Floral bud 
showing the latero-anterior petals (LA), the latero-posterior petals 
(LP), and the posterior petal (PP) with the petal gland (PG) on the 
margin (arrow). K–L Marginal petal gland. K The gland consists of a 
parenchyma axis vascularized by xylem (xy) and a palisade secretory 
epidermis. Note the subcuticular space with secretion (*) and short 
peduncle (Pe). L Detail of secretory epidermal cells with dense cyto-
plasm, large nucleus, and intercellular spaces with secretion (*). Note 
the phenolic idioblasts (PI). M Positive reaction to PAS in secretory 
epidermis showing polysaccharides stained in magenta color. N Posi-
tive reaction for mucilage stained in light red with Ruthenium red. O 
Positive reaction for protein stained light red with xylidine ponceau. 
P Stamen showing the gland (arrow) location in the connective. Q 
Cross-section of the connective with juxtaposed cells of the gland 
containing numerous vesicles. Observe endothecium (en), phenolic 
idioblasts (PI), and druses (arrow). R Positive reaction to xylidine 
ponceau in connective cells above of the endothecium (en). Note the 
evident nucleus in a central position. S Positive reaction to PAS for 
polysaccharides. Note the evident magenta secretion in the vesicles 
(arrows) inside the connective cells, which are placed above the endo-
thecium (en). T Positive reaction to Sudan black for lipids, note small 
black dots (arrows) in the connective gland. U Positive reaction to 
NADI for volatile oils. Note the blue/violet secretion (arrows). Bars: 
A: 400 μm; B: 200 μm; C–E: 30 μm; F, K: 50 μm; G, H, I: 30 μm; I: 
100 μm; J: 6 mm; L: 300 μm; M, O: 50 μm; N: 30 μm; P: 300 μm; 
Q–T, U: 20 μm

◂
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secretory structures. The biological importance of nectaries 
of Malpighiaceae needs to be better understood.

Could be the petal glands Lophopterys floribunda 
classified as colleters?

The margin gland on the posterior petal of L. floribunda 
exhibits a typical morpho-anatomical structure of a stand-
ard colleter, as described by Lersten and Horner (1967). 
Although the same anatomical structure was recorded in 
other genera, such as Burdachia, Diplopterys, Glandonia, 
and Mcvaughia, these were recognized as osmophores (floral 
scent glands) (Possobom et al. 2015; Guesdon et al. 2018; 
Almeida et al. 2019). Yet, in taxa belonging to different line-
ages of Malpighiaceae, such as Burdachia, Diplopterys, and 
Mcvaughia, there is a similar structure to that of Lophop-
terys, but in the genus Glandonia the secretory epidermis 
occurs only on the upper surface of the petal (Guesdon 
2017). The descriptions of osmophores in Malpighiaceae 
were based on ultrastructural analyses (Possobom et al. 
2015), secretory phase, and positive histochemical results for 
both lipids and oil/resin compounds (Guesdon 2017). Scan-
ning electron microscopy analysis of petal glands in pre-
anthesis of Burdachia, Glandonia, and Mcvaughia showed 
that secretion begins to accumulate in the subcuticular space 
and is only released when the flower is in anthesis through 
cuticle disruption (Guesdon 2017).

Here, we did not detect evidence of lipid production, in 
contrast with other works on petal glands. Although pre-
vious works have related the posterior petal to pollinator 
signaling, the inner position with reproductive whorls sug-
gests that the secretion released in the early stages of devel-
opment may play a protective role against desiccation. As 
is known, colleters are secretory structures that have early 
activity with the exudate protecting developing meristems 
and young organs against desiccation (Thomas 1991) and 

can be present in vegetative and reproductive organs (Fahn 
1979).

We suggest that these glands could be acting as colleters 
in the pre-anthesis phase. In addition, the production of poly-
saccharides and mucilage associated with secretory activity 
and the release of secretion in stages of bud development 
prior to anthesis suggests that these glands could also play a 
protective role against desiccation. However, in Burdachia, 
Diplopterys, Glandonia, and Mcvaughia, genera of Mal-
pighiaceae, it was suggested that petal glands anatomically 
similar to those of L. floribunda may act as an osmophore 
(Possobom et al. 2015; Guesdon 2017). Considering that we 
performed the histochemical tests in the fixated samples, we 
did not reject the hypothesis that the petal gland of L. flori-
bunda may also act as an osmophore. Further ultrastructural 
analysis may help to clarify this hypothesis.

Could be the anther glands of Lophopterys 
floribunda classified as osmophore?

The epidermis of the connective of L. floribunda consists 
of a single layer of bulky cells with dense cytoplasm with 
many vesicles filled with content that reacted to tests for 
proteins, polysaccharides, and lipids. These results agree 
with Diplopterys pubipetala (Possobom et  al. 2015), 
Sigmaphyllum bonariense, and S. jatrophifolium (Avalos 
et al. 2020), for which osmophores formed by non-stratified 
epithelium in the anther connective tissue were described. 
Polysaccharides detected in the exudate of L. floribunda 
can contribute to the adhesion of pollen grains to the 
body of bees, as suggested by Gates (1982) and reinforced 
by Possobom et al. (2015) and Avalos et al. (2020). The 
sticky secretion released by the connective gland meets the 
visitor’s ventral portion, increasing the adhesion of pollen 
grains to the visitor’s body. It is worth noting that, based 
in herborized-reversed material, the glandular connective 
tissues in anthers of representatives of the Stigmaphylloid 
clade were described as elaiophores, while osmophores were 
observed on the abaxial surface of the anther of Byrsonima 
spicata, Camarea affnis, C. humifusa, and Cottsia gracilis 
(Arévalo-Rodrigues et al. 2020).

The perceptive aroma emitted by f lowers of L. 
floribunda should be produced by the osmophores on 
the anther connective. Structures that secrete fragrances 
have been mostly investigated in works on the pollination 
biology of Orchidaceae and Solanaceae, being engaged 
with the attraction of pollinating bees (Vogel 1990; 
Pansarin et al. 2009, 2014; Wiemer et al. 2009; De Melo 
et al. 2010). Records of osmophores in anthers are rare. 
Osmophores have been reported on the floral structures 
of only a few groups within Malpighiales (Gagliardi 
et  al. 2016; Tölke et  al. 2018; Arévalo-Rodrigues  

Table 1   Results of histochemical tests of glands located in the inflo-
rescence of L. floribunda 

 + positive, − negative, np not performed, CG connective glands, SG 
sepal glands, PG petal glands, BG bract and bracteole glands

Compounds Reaction

CG SG PG BG

Mucilage or pectin  −   −   +   − 
Oil/oil-resin  +   +   −   − 
Phenolic compounds  −   +   −   − 
Starch  −   +   −   + 
Reducing sugars np np np  + 
Total lipids  +   +   −   − 
Total polysaccharides  +   +   +   + 
Total proteins  +   +   +   + 
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et  al. 2020). In Malpighiaceae, osmophores were 
also reported for the anther connective in the genus 
Diplopterys. Although the test with Nadi’s reagent had 
a very weak reaction, the anther glands of L. floribunda 
are similar both anatomically and functionally to the 
osmophores described for Diplopterys (Possobom 
et  al. 2015). The reaction for lipids compounds were 
less evident compared to those tests performed in 
the fieldwork, probably due the volatile nature of the 
secretion.

The finding of the presence of osmophores in anthers of 
Lophopterys reinforces the presence of these structures in 
Malpighiaceae, suggesting attention in future works to the 
occurrence in other genera and how their anatomical struc-
ture originates. Such approaches might expand the set of 
data, contributing to a better knowledge of the floral biology 
of Malpighiaceae.

Conclusions

Tiny nectaries located at the apex of bracteoles and 
bracts of L. floribunda are a novelty for Malpighiaceae 
due to their size and location. The individual, large gland 
present on sepals of L. floribunda is probably the result 
of the fusion of two elaiophores and thus contributes 
as a strategy to maximize oil resource performance 
and making the structure more visible to pollinators 
in this vine species from the Amazon and Atlantic 
forests. The marginal glands of the posterior petal show 
standard colleter morphology, with early activity and 
mucilage/protein exudate possibly contributing to the 
maintenance of the closed bud during development 
onset. The presence of polysaccharides in the exudate 
of anther gland contributes to the adhesion of pollen 
grains to the body of bees, while the oil/resin detected 
by histochemical test indicate that this gland may also 
act as osmophore. Ecological studies to verify the 
functional role of the aroma emitted by the flowers in L. 
floribunda in the pollination of the species are necessary. 
Knowledge about these floral secretory structures and 
their relationship with their visitors expands the study of 
floral biology in Malpighiaceae and has taxonomic and 
phylogenetic potential.
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