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Figure 2. Structural and ultrastructural aspects of the epithelial elaiophores in Malpighiaceae species. A, H, |. Byrsonima intermedia. B,
E, F, G. Diplopterys pubipetala. C. Peixotoa reticulata. D. Banisteriopsis variabilis. A. Scanning electron micrograph showing a longitudinal
section. Note the wide subcuticular space. B-D. Light micrographs showing the structure of the elaiophores. Note central nuclei (nu),
dense cytoplasm with ribossomes, vacuoles with variable content (va), plastids (pl), mitochondria (mi), endoplasmic reticulum (er),

oil drops (ol) and periplasmic space (ps).
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Teixeira & Machado 2000; Sigrist & Sazima 2004; Vilhena
& Augusto 2007; Mendes et al. 2011; Possobom 2013).

In our previous studies, we suggest there are, in addition
to the morphological cues, other features that can be related
to the attraction and orientation of pollinators (Possobom
2013; Possobom et al. 2015). In some Malpighiaceae species,
we studied the small glands located on the petal margins,
mainly on the basal portion. These glands were interpreted
by us as osmophores and their location near the petal claws
indicate they can play an important role in bee attraction
and also in precise positioning for collecting oil from the
elaiophores. Despite this record, there is no experimental
information showing how the bees are attracted to
Malpighiaceae oil flowers.

Reis et al. (2007) isolated two new fatty acid derivatives
(Tetrapedic acids A and B) from the nest of Tetrapedia
diversipes bees and a new fatty acid derivative from the floral
oil of Byrsonima intermedia (Byrsonic acid) which resembles
the Oncidinol found in the floral oil of several Oncidiinae
species (Orchidaceae). As these compounds (Byrsonic
acid, Oncidinol, Tetrapedic acids) share similar chemical
structures, the authors suggest the bees manipulate the
floral oil collected from either Malpighiaceae or Orchidaceae
species and, further, that the Tetrapedic acids (A and B) may
be products of biotransformation by hydrolases secreted
by the female’s mandibles. Thus, these authors expand our
understanding of how oil-collecting bees use floral oils and
they also raise the possibility of chemical mimicry between
some Malpighiaceae and Orchidaceae species, in addition
to the well known morphological similarities.

Solanales
Solanaceae

The Solanaceae is a cosmopolitan family that includes
102 genera and 2460 species (Stevens 2001). They exhibit
great diversity in terms of floral morphology and pollinator
syndromes (see Knapp 2010). Their pollinators include bats,
bees, butterflies, hummingbirds and moths, which forage
for pollen, nectar and sometimes for oil (see Knapp 2010).

Oil flowers occurs in most of the species of Nierembergia
(Tab. 1), for which this feature is considered a synapomorphy
(Tate et al. 2009). Simpson & Neff (1981) provide the first
report of oil production in Nierembergia gracilis. Cocucci
(1991) carried out morphological and chemical analyses with
several species of the Nierembergia, including observations
on pollinator behavior.

In general, the Nierembergia species have a set of
trichomal elaiophores located inside the corolla tube,
forming a ring on the surface of the limb and/or on the
base of the filaments (Simpson & Neff 1981; Cocucci 1991).
These oil-secreting trichomes are multicellular and they are
constituted by a stalk with 1-2 cells (4 cells on the filaments)
and a wider head with one cell apically compressed (Cocucci
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1991). The oil accumulates under the cuticle and after its
release by cuticle rupture it remains between the hairs and
the papillose epithelial cells of the corolla limb (Cocucci
1991).

In this family, we could not find information on the
subcellular characteristics of the elaiophores.

According to Simpson & Neff (1981) the oil from
Nierembergia flowers is constituted mainly by B-acetoxy fatty
acids but also other types of lipids and phenolic compounds.

The oil can be collected with the front or the middle
legs by the oil-colleting bees of Centridini (Centris)
and Tapinotaspidini (Chalepogenus, Lanthanomelissa,
Paratetrapedia, Tapinotaspis) (Cocucci 1991; Cosacov et al.
2008; Nattero et al. 2010). Most of these bees touch the
fertile parts while collecting oils and the pollination may
be nototribic or sternotribic (Cocucci 1991).

Zygophyllales
Krawmeriaceae

Krameria is the only genus of this family and its 18
species can occur in warm arid and semiarid areas of
America, with one of them in the West Indies (Simpson &
Saliwon 1999; Stevens 2001; Simpson et al. 2004; Simpson
2007).

The Krameria flowers are zygomorphic and consist
generally of five conspicuous and colored sepals and five
reduced petals, the lower two modified into scale-like glands,
one on either side of the ovary (Simpson & Saliwon 1999;
Simpson et al. 2004; Simpson 2007). Since 1758, such glands
have been described as nectaries (see Simpson 1982). In
1974, Vogel predicted that these structures were elaiophores.

According to Renner & Schaefer (2010), the oil-
producing condition has arisen only once in Krameriaceae
and apparently it is also the only family which did not lose
this condition in any lineage. According to Simpson et al.
(2004) there are two major clades within Krameriaceae,
one with rugose elaiophores and the other with elaiophores
restricted to the distal portion or with striate secretory
surfaces.

Morphological aspects of the elaiophores from Krameria
species were reported by Vogel (1974) and Simpson (1982).
In general they are constituted by one layer of more or
less elongated epithelial cells covered by a cuticle and a
subtending parenchyma (Vogel 1974; Simpson 1982). The
secretory epithelium may occupy the entire surface or only
the distal portion of the modified petals and it may be flat
or undulate depending on the species (Simpson 1982).
The secretions accumulate under the cuticle and may be
released by pores (Vogel 1974) or after cuticle rupture by
an oil-collecting bee (Simpson et al. 1977; Simpson & Neff
1981; Simpson 1982).

Some ultrastructural features of the secretory cells are
provided by Simpson and Johnson (see Simpson & Neff
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1981). According to these authors the cells have a dense
cytoplasm and contain abundant leucoplasts, endoplasmatic
reticulum with formation of vesicles and lipid droplets.
They did not observe large lipid accumulations within the
cell, concluding that the oil is transported as soon as it is
synthesized.

The chemical nature of the oil was investigated in some
Krameria species by Simpson and collaborators (Simpson et
al. 1977; 1979; Seigler et al. 1978; Simpson & Neff 1981).
According to these authors, the oil is constituted mainly
by B-acetate substituted free fatty acids.

Centris bees are considered the most frequent visitors
of Krameria flowers (Simpson et al 1977; Simpson & Neff
1981; Gimenes & Lobao 2006; Carneiro et al. 2015; Tab.
1). Female bees collect the oil from the elaiophores with
their pairs of front and middle legs and after they transfer
it to their hind legs (Simpson et al 1977; Simpson & Neff
1981; Gimenes & Lobao 2006; Carneiro et al. 2015). While
collecting the oil, these bees often contact the reproductive
structures, being considered effective pollinators (Simpson
et al 1977; Gimenes & Lobio 2006; Carneiro et al. 2015).

Considerations

The classification of a secretory structure as an elaiophore
depends on an integrated analysis involving morphological,
chemical (or histochemical) and ecological aspects. The
analysis of only one of these criteria can create an inaccurate,
over or underestimate of occurrence.

So far, elaiophores are reported in approximately 100
plant genera, belonging to 11 families and seven orders (Tab.
1). Together, these genera total about 3000 species but itis
likely only alittle more than half of them actually really bear
elaiophores. A reliable number for the oil-producing species
remains difficult to establish, since morphological, chemical
and ecological data are scarce and often imprecise, especially
for the species-rich families such as the Orchidaceae.
Moreover, for many of these families, accurate taxonomic
identification and sufficient phylogenetic knowledge are
lacking.

Most of the oil-producing plants occur in the tropics and
subtropics of South America (Calceolariaceae, Iridaceae,
Krameriaceae, Malpighiaceae, Orchidaceae, Plantaginaceae
and Solanaceae) and Africa (Cucurbitaceae, Iridaceae,
Orchidaceae, Scrophulariaceae and Stilbaceae), but
Lysimachia species (Primulaceae) occur in temperate and
subtropical regions of the North Hemisphere.

The oil flowers are mostly zygomorphic, bisexual and
nectarless, but they are actinomorphic in most of the
Cucurbitaceae, Iridaceae, Primulaceae and Solanaceae
species. Flowers that offer both nectar and oil occur in T.
parviflora (Iridaceae), Monttea (Plantaginaceae) and in the
Cucurbitaceae species. Only Cucurbitaceae has unisexual
flowers. The oil-secreting structures can be located either on
the dorsal portions of the flowers, outside of the sepals (as
in the Malpighiaceae species) or on the ventral portions, on
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the inner protective whorls or on the androecium (Tab.2).

With the exception of Krameriaceae and Malpighiaceae,
trichomal elaiophores occur in all other plant families.
Trichomal elaiophores predominate in the Iridaceae
family, but one species T. parviflora has the epithelial
type. Epithelial, trichomal and intermediate elaiophores
are reported for Orchidaceae species, which are the most
diverse in relation to the location and morphology of such
secretory structures. All other families have exclusively one
type of elaiophore (Tab.2).

Detailed morphological descriptions of the elaiophores
and ultrastructural studies are lacking for several families.
In general, the epithelial elaiophores are very similar among
the taxa, being often constituted by more or less elongated
epithelial cells, a subepithelial parenchyma and a subtending
and vascularized parenchyma. The oil-secreting trichomes
are grouped in a more or less dense arrangements and can
be unicellular in the monocot members or multicellular in
the remaining species (Tab. 2). These trichomes are mostly
capitate and also morphologically very similar among taxa.
Regardless of whether the elaiophores are trichomal or
epithelial the ultrastructural features of the secretory cells
are very similar among the species studied so far. These cells
have typical cellular machinery of glands with lipophilic
secretions and seem to share similar paths of synthesis,
and manners of accumulation and secretion release.

Data on chemical composition are restricted to a few
species and are lacking for some families. Although the
floral oils seem to be very similar among the families, the
extension of the study of their chemical nature to a greater
number of species could indicate more differences among
taxa and improve our understanding of the interactions
between the host plants and the bees.

There is scant information on the pollination ecology of
most plant species with oil-producing flowers. In general,
the neotropical plant species are related with the Centridini,
Tapinotaspidini and Tetrapediini bees, while the African
species are related with Rediviva (Melittidae) or, in the
case of Cucurbitaceae, with Ctenoplectra (Ctenoplectrini)
bees. The oils from Primulaceae are collected only by the
Macropis (Melittidae) bees. These oil-collecting bees may or
may not act as effective pollinators, with both sternotribic
or nototribic pollen deposition, apparently depending on
the plant taxa visited. The conservative morphology of the
Malpighiaceae flowers always allows pollen deposition on
the ventral surfaces of the bodies of the pollinators, but
in other families the floral morphology and elaiophore
location can vary even in the same genus, for example in
the Iridaceae, Orchidaceae and Calceolariaceae.

There are very specific plant-bee interactions as the
case of Diascia plants and some Rediviva bees, but there
are also generalist interactions. Some oil-collecting bee
species, for example, can collect floral oils from flowers
that are very different morphologically. Although some
authors point out some morphological and chemical
cues, in general there is little information on how bees
are attracted and orientated.
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In conclusion we are agreed that additional
morphological, chemical and ecological information is
needed to obtain a better understanding of the evolution
of this specialized pollination system.
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