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ABSTRACT: Although there is a large diversity of plant species with extrafloral nectaries, histological detail of
these glands is poorly documented in tropical rain forest species. We characterized extrafloral nectaries using digital
photographs, scanning electron microscopy and histological methods for eight plant species belonging to the Costaceae,
Euphorbiaceae, Malvaceae and Salicaceae. To our knowledge, there are no previous reports on the structure of extrafloral
nectaries for these species. Croton species exhibited reddish extrafloral nectaries on the petioles, surrounded by star-
shaped trichomes. Cnidoscolus multilobus and Omphalea oleifera showed green, elevated, extrafloral nectaries at the
peduncle; C. multilobus showed abundant secretory tissue; O. oleifera revealed numerous cells with calcium oxalate
crystals. Heliocarpus species showed extrafloral nectaries distributed at the base of the blade and possesses glands in the
center of the extrafloral nectary surrounded by a series of parenchymatic cells. Pleuranthodendron lindenii has two
extrafloral nectaries at the base of the leaves. Costus scaber has a hollow-type extrafloral nectary on the red-colored bracts
of the inflorescence; nectar cavity is found in the center area of each bracts located on a yellow line. The extrafloral
nectaries described in this study exhibited different morphologies and histological structures involved in the secretion of

extrafloral nectar that could be related to biotic defenses, primarily by attracting ants.
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INTRODUCTION

Extrafloral nectaries (EFNs) are nectar
secretory structures, which are not related to the
pollination processes (HEIL, 2011). EFNs are very
diverse morphologically and include glandular
structures that differ in their location, size and form
(BENTLEY, 1977; ELIAS, 1983; DIAZ-
CASTELAZO et al., 2005). They can be found on
almost every above-ground plant part, including
leaves, petioles, bud bracts, stipules, stems,
cotyledons, fruits, and on the exterior of sepals
(ELIAS, 1983). Also, they exhibit a great variety of
forms:  single-celled, nectar-secreting  hairs,
amorphous glandular tissue, complex raised cups
and shallow bowl-like depressions, which may be
highly vascularized or completely lacking
vascularization (ELIAS, 1983).

The presence of EFNs in plants has been
reported world wide for approximately 25% of the
angiosperms (ZIMMERMAN, 1932; ELIAS, 1983;
KOPTUR, 1992). Other estimations yield 3,941
species in 745 genera and 108 families (WEBER;
KEELER, 2013). The majority of plant species with
EFNs are found in the Asteraceae, Euphorbiaceae,
Fabaceae, Lamiaceae, Melastomataceae,

Orchidaceae and Rubiaceae (MELO et al., 2010;
KELLER, 2011; COUTINHO et al., 2012). The top
three families with the highest number of species
documented with EFNs are Fabaceae (1,069 species,
5% in Fabales), Passifloraceae (935 species, 47% in
Malpighiales), and Malvaceae (293 species, 7% in
Malvaceae); other families with high number of
species with EFNs are Euphorbiaceae (286 species,
5%) and Bignoniaceae (140 species, 17%)
(WEBER; KEELER, 2013). On the other hand, the
genera with the most EFN-bearing species are
Passiflora (322 species), Inga (294 species), and
Acacia (204 species) (WEBER; KEELER, 2013).
Although a large diversity of species
bearing EFNs has been reported, information on
anatomical aspects (morphology and types of EFNs)
and histological studies is poorly known and is
fragmented among the diverse taxa. Our study
focuses on describing, for the first time, the
morphological and anatomical characteristics of
EFNs in eight species of four tropical plant families:
Costaceae, Euphorbiaceae, Malvaceae and
Salicaceae. These species are common plants, part
of the typical landscape of the Los Tuxtlas region,
including shade tolerant species (mature forest) and
pioneer species (secondary growth) (IBARRA-
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MANRfQUEZ et al.,, 1997). There are several
studies related to EFNs for Euphorbiaceae (DAVE
AND PATEL, 1975; FIALA; MASCHWITZ, 1991;
FIALA and LINSENMAIER, 1995, FREITAS et
al., 2001; DIAZ-CASTELAZO et al, 2005,
COUTHINO et al., 2010), as well as Malvaceae
(MACHADO et al.,, 2008; 2009). However, for
Costaceae (SCHEMSKE, 1982) and Salicaceae
(THADEO et al., 2008) the information is very
scarce. Regardless of the thematic variety and the
number of studies, only a few studies integrally
cover aspects related to morphology and histology.
The aim of this study is to describe the
morphological and anatomical features of the EFNs
for eight tropical tree species. Although these
species may belong to taxonomically non-related
groups, they have very conspicuous EFNs and are
submitted to similar ecological conditions and
possibly to similar selective pressures (i.e. nectar-
foraging arthropods, herbivory, etc.). Moreover, it is
important to understand ecological aspects derived
from nectar secretion through the structural and
anatomical  traits of these glands (i.e.
vascularization, support tissue), since these features
may determine nectar quality, secretory rates and
attraction by nectar-foraging ants. These features
may, at specific contexts, provide anti-herbivory
benefits and influence the arthropod community
associated to these EFN-bearing plant species.

MATERIAL AND METHODS

Study site

The study was carried out within the natural
forest reserve of the Los Tuxtlas Tropical Biology
Field Station of the Institute of Biology,
Universidad Nacional Auténoma de México
(UNAM), in southeastern Mexico (18° 35.077" N;
95° 4.442° W; altitudinal range 120-530 m a.s.l.)
(GONZALEZ-SORIANO et al., 1997; GARCIA-
AGUIRRE et al., 2010). The Los Tuxtlas region is
the northernmost limit of the tropical rain forest in
the Neotropics (DIRZO; MIRANDA, 1991). The
flora within the UNAM reserve is composed of ca.
1,000 species of vascular plants (545 genera and
137 families), of which 278 species are woody tree
species that represent 31.7 percent of the flora
within the reserve (IBARRA—MANRfQUEZ et al.,
1997). The predominant vegetation type is
evergreen rain forest in the lowlands, with variations
along the regional altitudinal gradient (0-1,680 m
a.s.l.), including cloud forest and mixed forests at
higher elevations (GARCfA-AGUIRRE et al.,
2010). The flora is mainly composed of plants of
Neotropical origin, but higher elevation sites include
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combinations of Neotropical and Neartic taxa
(IBARRA-MANRIQUEZ et al., 1997).

A previous pioneer study in the Los Tuxtlas
region reported only five species of plants with
EFNs (IBARRA-MANRIQUEZ; DIRZO, 1990). In
a more recent study, Aguirre et al. (2013)
documented 50 species with EFNs (16 families, 31
genera). Families with the highest number of species
with EFNs were Fabaceae and Euphorbiaceae,
which accounted for 52% of species with EFNs in
Los Tuxtlas. The remaining 48% included plants in
14 families. That study reported six different
morphological types of EFNs.

Study species

Study plants comprise eight tropical species
belonging to four families: I) Euphorbiaceae (four
species): a) Croton pyramidalis Donn.Sm. a pioneer
tree, with two reddish EFNs at the base of the leaf
(Figure 1A); b); Croton draco Schltdl. and Cham. a
pioneer tree, with 2-4 reddish EFNs at the base of
the leaf (Figure 1F); c¢) Cnidoscolus multilobosus
(Pax) I.M. Johnst. a shrub, with 2-3 EFNs,
commonly in pairs found at the base of the leaf
blade (Figure 1K), and d) Omphalea oleifera Hemsl.
a canopy tree, which presents 2-3 small EFNs on the
underside of the leaf at the base of the peduncle
(Figure 1P); II) Malvaceae (two pioneer tree
species): Heliocarpus donnellsmithii Rose and
Heliocarpus appendiculatus Turcz. In both species
the EFNs are located at the base of the leaf margin
(Figure 2A); III) Salicaceae (one tree species),
Pleuranthodendron lindenii (Turcz.) Sleumer,
which has two EFNs at the base of the leaf blade
(Figure 2F); and IV) Costaceae (one perennial herb)
Costus scaber Ruiz and Pav. with EFNs arranged
along the bracts of the inflorescences in variable
numbers and sizes (Figure 2P). All plant material
was collected in April of 2012. Voucher specimens
are deposited in the herbarium of the Los Tuxtlas
Tropical Biology Field Station, UNAM.

Histological methods

Vegetative parts used for histological
studies were fixed in FAA for at least 24 hours.
Samples were dehydrated initially in an ethanol
solution series (30, 50, and 70%) and then, in a
gradual tertiary butanol series (30, 50, 70, 96, and
100%), and finally embedded in paraffin
(VILLAMIL et al., 2013). Considering the EFNs as
a unit, we obtained 12-um-thick transverse sections
in secretory cells area and longitudinal sections in
the central area of the EFNs in each sample. Rotary
microtome (LEICA) was used, and the sections
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were stained with safranin and fast green, followed
by clove oil to fix the stain (RUZIN, 1999).

Images of the extrafloral nectaries (EFNs)

Digital photographs were obtained for EFNs
using a Nikon Camera D50 (SIGMA DG; macro
lens of 70 mm, 1:2.8). Sample preparation for
scanning electron microscopy consisted of fixing
samples in formalin -acetic acid- ethanol 70%
(FAA). Samples were washed with water for two
hours, and then dehydrated in an ethanol solution
series (30, 50, 70, 96, and 100%). Samples were
critically-point dried and then sputter-coated with
gold-palladium. Observations were performed using
a JEOL JSM 5600LV scanning electron microscope
(25 kV).

RESULTS

a) Euphorbiaceae

In the species studied in Los Tuxtlas region
we found diverse morphologies and types of EFNs.
In the trees of Euphorbiaceae EFNs were located at
the distal end of the petiole, close to the base of the
blade (Figures 1A, F, K, P). Details of each species
are as following: i) Croton pyramidalis (Figure 1A)
presents a pair of red dish-like EFNs on each side of
the petiole which are surrounded by numerous star-
shaped trichomes, the surface of the EFN is
wrinkled (Figures 1B, C). Several vascular elements
apparently related to the secretion of extrafloral
nectar and a dense parenchyma were observed
(Figure 1D). A large number of calcium oxalate
crystals were observed in the parenchyma (Figures
1D, E). ii) Croton draco generally has a pair of
reddish, elevated EFNs at the extreme portion of the
gland, but may occasionally present three EFNs
(Figure 1F). Surrounding the EFNs we observed a
large number stellate trichomes (star-shaped
trichomes), which delimit the nectar cavity (Figures
1G, H). In longitudinal sections the cuticle (ct), the
secretory tissue (st) and the vascular elements (vt)
can be observed (Figure 11).

In the cross section we showed part of the
secretory tissue (st), that was delimited by the
cuticle in the edge (Figure 1J). iii) Cnidoscolus
multilobus has 2-3 elevated EFNs at the base of the
leaf (Figure 1K). A nectar cavity can be observed
(Figures 1L, M); a secretory tissue (st) was located
just below the cuticle (ct) (Figures IN-O); and iv).
Omphalea oleifera presents 2-3 elevated and
elongated EFNs on opposite sides, at the base of the
leaf, in the distal portion of the peduncle (Figure
1P). The nectar cavity (ca) presented well-defined
margins (Figures 1Q, R). The transverse and
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longitudinal sections revealed numerous cells with
calcium oxalate crystals (d), as well as parenchyma
(tp) and secretory tissue (st) grouped just below the
cuticle (ct) (Figures 1S, T).

b) Malvaceae

In this family the following EFNs were
documented: i) Heliocarpus donnell-smithii has
between 6-22 EFNs along the base of the leaf, and
projections at the base of the leaf blade are evident
(Figure 2A). The EFNs were surrounded by
unicellular trichomes and a nectar cavity was found
towards the central portion of the gland (Figure 2B).
Numerous capitated trichomes could be seen in the
interior of the nectar cavity (Figure 2C). The
margins of the cavity were defined by numerous
enclosed secretory cells. The secretory tissue (st)
was denser than the surrounding parenchyma (tp)
(Figure 2D). Transverse section through the
secretory tissue (st) shows several capitate
trichomes, more abundant towards the cavity (ca),
below the cuticle (ct) (Figure 2E). These trichomes
showed a few cells involved in nectar secretion. ii)
Heliocarpus appendiculatus presents 4-7 very
distinct elevated EFNs at the base of the leaf, on the
foliar appendages (Figure 2F). The margins (mc)
surrounding the cavity (ca) were well developed
(Figures 2G, H). Longitudinal section through the
base of the cavity showed a group of secretory
tissue (st) at certain distance from the cuticle (ct)
(Figures 21, J).

c) Salicaceae

Pleuranthodendron lindenii presents two
separate, elevated EFNs at the base of the leaf
(Figure 2K). These EFNs shown here have slightly
elevated margins (mc) surrounding the cavity (ca)
(Figures 2L, M). The cross section through the base
of the blade, shows accumulation of secretory tissue
(st) close to the adaxial surface and below
unicellular trichomes (Figures 2N, O).

d) Costaceae

Costus scaber presents hollow EFNs on the
red-colored bracts of the inflorescences, the EFNs
are easily detected due to the presence of a
yellowish stripe on the bract (Figure 2P). The
number of EFNs is variable and seems to depend on
the size of the inflorescence. We observed that the
more active EFNs were found on the apical part of
the inflorescence where the bracts were immature
(Figure 2P). The nectar cavity, as well as the
marginal cavity, was located in the central area of
the bracts (Figures 2Q, R). Transverse section of a
bract, showed secretory tissue (st) just below the
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cuticle (ct) at the adaxial surface, where several
vascular strands (vt) were seen, together with a few
interspersed (darker) secretory cells (st) (Figure 2S).
In the longitudinal section of a bract, showing
several vascular strands in red color (vt) and non-
secretory parenchyma cells (tp) (Figure 27T).

Figure 1. Details of the structure of the extrafloral nectaries in four species of Euphorbiaceae. (A) Elevated
EFN in Croton pyramidalis with Dolichoderus bispinosus ant foraging nectar; (B, C) scanning
electron micrograph of EFN and details of nectar cavity surface; (D, E) longitudinal and transverse
sections of EFNs showing cuticle, secretory epidermis and calcium oxalate crystals. (F) Croton
draco with elevated type EFNs; (G, H) scanning electron micrograph showing numerous trichomes
around of EFNs; (I, J) longitudinal and transverse sections showing dense parenchyma and vascular
elements. (K) Pairs of elevated EFNs in Cnidoscolus multilobus; (L, M) Scanning electron
micrograph of the nectar cavity; (N, O) longitudinal and transverse sections showing secretory and
parenchyma cells. (P) Elevated EFNs at the petiole base in Omphalea oleifera; (Q, R) scanning
electron micrograph showing details of the nectar cavity; (S) longitudinal section showing cuticle,
secretory epidermis and tight parenchyma; (T) transversal section with calcium oxalate crystals.
Abbreviations: (ct) cuticle; (ca) cavity; (se) secretory epidermis; (tp) tight parenchyma; (d) calcium
oxalate crystals; (vt) vascular elements; (tr) simple unicellular trichome; (cm) marginal cavity; (ne)
extrafloral nectary. Scale bars: B =200 um; C = 100 um; G =200 um; H =100 pm; L = 100 um; M
=50 um; Q =200 pm; R =100 pm; D, E, I, J, N, O, S, T: Scale bar = 200 um
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Figure 2. Morphology and histology of EFNs. (A) Elevated EFN in Heliocarpus donnell-smithii with an ant

(Camponous planatus) on EFN; (B) scanning electron micrograph of EFN surrounded by numerous
trichomes ; (C) EFN cavity showing numerous secretory trichomes; (D) longitudinal and (E)
transverse sections of EFN showing the secretory epidermis. (F) Elevated EFN in H. appendiculatus
with foraging ant (Pseudomyrmex salvini); (G, H) scanning electron micrograph showing cavity
and marginal cavity of EFN; (I, J) longitudinal and transverse sections showing dense parenchyma
and secretory elements. (K) Pairs of elevated EFNs in Pleuranthodendron lindenii with a drop of
nectar; (L, M) scanning electron micrograph of the surface of nectar cavity and some surrounding
trichomes; (N, O) longitudinal and transverse sections showing vascular traces and tight
parenchyma tissue. (P) Hollow type EFN in Costus scaber with ant (Camponotus planatus). (Q, R)
Scanning electron micrograph showing details of the nectar cavity; (S) longitudinal section showing
cuticle, secretory epidermis and vascular traces; (T) transverse section with vascular traces and tight
parenchyma. In the transverse and longitudinal sections the yellow line represent 0.2 mm.
Abbreviations: (ct) cuticle; (ca) cavity; (st) secretory tissue; (tp) tight parenchyma; (vt) vascular
elements; (tr) simple unicellular trichome; (cm) marginal cavity; (ne) EFN. Scale bars: B = 200 um;
C=50um; G =100 um; H=50 pym; L. = 50 ym; M = 100 um; Q = 500 pm; R = 100 um; D, E, 1, J,
N, O, S, T: Scale bar = 200 pm.

DISCUSSION

Although anatomical and morphological
descriptions of EFNs have already been done for
several species of Euphorbiaceae (DAVE; PATEL,
1975; FIALA; MASCHWITZ, 1991; FIALA;
LINSENMAIER, 1995; FREITAS et al., 2001;
DIAZ-CASTELAZO et al., 2005; COUTHINO et

al., 2010) neither of the two species reported herein
have been previously described. In the Malaysia
Peninsula the genus Croton is reported to have nine
species with EFNs. In Croton species, the EFN
glands occur in pairs on the undersurface of the
leaves near the stalk insertion (FIALA;
MASCHWITZ, 1991). Our findings for C.
pyramidalis and C. draco showed very similar
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structures and locations of the EFNs and surounding
stellates trichomes, that are characterized by having
several elongations arising from a common base
(SIMPSON, 2006). Furthermore, we found that C.
draco occasionally presented more than two EFNs
in contrast with other species of the same genus
(FIALA; MASCHWITZ, 1991; FREITAS et al,
2001), whereas C. pyramidalis showed only a pair
of EFNs. It is important to highlight that EFNs in C.
pyramidalis exhibited a peculiar elongated form
with a dish-like red tip. It is a very peculiar
morphology and coloration of an EFN; we have
only seen similar appearance in a few Fabaceae (e.g.
Chamaecrista) and in Heteropterys laurifolia
(Malpighiaceae) (A. AGUIRRE, obs. pers.).
Omphalea oleifera and Cnidoscolus multilobosus
presented 2-3 elevated EFNs at the end of the
peduncle and did not possess capitate trichomes or
vascular system, as observed for other plant
families, such as Malvaceae (ROCHA; MACHADO
2009). The cells below the cuticle have secretory
activity, thus the cuticle itself seem to play the role
of extrafloral nectary secretion (NEPIL, 2007). In the
case of O. oleifera, oxalate crystals occur in the
parenchyma cells. This feature has also been
reported for nectaries on male flowers of C.
sarcopetalus (FREITAS et al., 2001).

Studies describing the anatomy and
histological details of EFNs for the family
Malvaceae are scarce. In this family, EFNs occur in
the form of striations, chambers or depressions
coated with multicellular secretory trichomes
(SAWIDIS et al., 1987a, b; 1989; SAWIDIS, 1991;
1998; VOGEL, 2000). Regardless the fact that
species of the Malvaceae are well represented in
tropical ecosystems, the secretory structures and
activity of EFNs have been studied in only a few
species (ELEFTHERIOU; HALL, 1983;
FINDLAY; MERCER, 1971a, b; SANTOS, 1959;
SAWIDIS et al., 1987a, b; SAWIDIS, 1991; 1998;
REED et al., 1971; REED, 1917; WERGIN et al.,
1975). The species studied here, Heliocarpus
appendiculatus and H. donnell-smithii, showed
numerous EFNs distributed on the leaf blade and at
the base of the leaf, varying in number (AGUIRRE
et al., 2013), and similarly to other Malvaceae
species these EFNs are very prominent, and form a
protuberance with numerous capitate trichomes in
the central part (WERGIN et al, 1975;
KRONESTEDT et al., 1986; SAWIDIS et al,
1987a, b) these glands are constituted by several
cells where the extrafloral nectar secretion occurs
(MEIRA et al., 2014).

Studies related to morphology and histology
of EFNs in the Salicaceae family are reported for
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Prockia crucis P. Browne ex L. in Brazil. In Los
Tuxtlas, trees of Pleuranthodendron lindenii present
two EFNs at the base of the leaves, and similarly
with P. crucis, have nectariferous parenchyma.

With regard to the Costaceae family, to our
knowledge, there are no studies documenting the
fine details related to the morphology and histology
of EFNs. Available information is restricted to
plant-ant  interactions = (SCHEMSKE, 1982;
BLUTHGEN et al., 2000) that have addressed the
functional ecology of their EFNs in relation to ants
foraging on nectar. However, there is a lack of
information on histology or detailed morphology of
the glands, which could set lights into the
production of extrafloral nectar and its implications
(physiological, ecological, or taxonomical) for
specific plant genera.

Our studied species have parenchymatic
EFNs with parenchyma that give support and
structure, also a cuticle to avoid tissue desiccation.
The nectar accumulates in a subcuticular space, and
exudes by microchannels, as decribed by NEPI
(2007). Furthermore, they present a secretory
epidermis that, in some cases, such as in
Heliocarpus appendiculatus and H. donnell-smithii,
have specialized cells, such as capitate trichomes,
for nectar secretion. Three of the studied species C.
draco, C. multilobus and O. oleifera have calcium
oxalate crystals, that can be involved in deterrence
of herbivores, and may be an alternative chemical
mechanism of defense (VILLAMIL et al., 2013).

Our study provides important, original
information on the morphology and histology of
EFNs for eight tropical tree species. In spite of the
large diversity of species bearing EFNs in the
families herein studied (OLIVEIRA; LEITAO-
FILHO, 1987; SCHUPP; FEENER, 1991; FIALA,;
LINSENMAIR, 1995; BLUTHGEN;
REIFENRATH, 2003; DIAZ-CASTELAZO et al.,
2005; MACHADO et al., 2008; AGUIRRE et al.,
2013), we reported several features that have not
been described before, maybe because of difficulties
in detection with superficial observation. For
example, the EFNs on the bracts of Costus scaber,
which appear as faint, yellow strips on the adaxial
surface of the bract. Our study characterizes, for the
first time, the anatomical and histological details of
extrafloral nectaries in this species. Furthermore, we
identified specialized tissues for nectar secretion,
such as capitate trichomes. Finally, this study is
important to understand implications of the anatomy
and location of EFNs on the ecological outcomes of
the associated community of nectar-foraging
arthropods, like ant-plant interactions, or others
consumers like parasitoids, wasps, spiders, mites,
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bugs and small beetles (HEIL, 2015). Since these
secretory structures partly determine nectar quality
and secretory rates (higher in vascularized glands,
than in disperse secretory trichomes) or production
of jasmonic acid (DfAZ—CASTELAZO et al., 2005;
HEIL, 2015), they may also promote different ant-
assemblages of species with distinct behaviors and
defensive potentials) (DfAZ—CASTELAZO et al.,
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RESUMO: Embora exista uma grande diversidade de espécies de plantas com nectérios extraflorais, detalhes
histolégicos destas glandulas ainda é pouco documentado para espécies tropicais. N6s caracterizamos nectarios extraflorais
usando fotografias digitais, microscopia eletrdnica de varredura e métodos histolégicos para oito espécies de plantas das
familias Costaceae, Euphorbiaceae, Malvaceae e Salicaceae. Para nosso conhecimento, ndo hé relatos anteriores sobre a
estrutura dos nectdrios extraflorais para as espécies estudadas. Espécies de Crofon exibiram nectdrios extraflorais
avermelhadas nos peciolos, rodeados por tricomas em forma de estrela. Cnidoscolus multilobus e Omphalea oleifera
apresentaram nectdrios extraflorais verdes e elevados nos pedinculos; C. multilobus apresenta tecido secretor abundante
enquanto que O. oleifera apresentou numerosas células com cristais de oxalato de célcio. Espécies de Heliocarpus
apresentaram nectdrios extraflorais distribuidos na base da lamina e possuiam glandulas no centro do nectario rodeadas por
uma série de células de parénquima. Pleuranthodendron lindenii apresentou dois nectdrios extraflorais na base das folhas.
Costus scaber apresenta um nectdrio extrafloral do tipo oco nas bricteas avermelhadas da inflorescéncia, e a cavidade do
nectario se encontra na drea central de cada brictea localizados em uma linha amarela. Os nectdrios extraflorais descritos
neste estudo apresentaram morfologia e estruturas histolégicas diferentes envolvidas na secrecdo de néctar extrafloral que
poderia estar relacionado com defesas bidticas, principalmente atraindo formigas.

PALAVRAS-CHAYVE: Nectidrios extraflorais elevados. Anatomia. Los Tuxtlas. Tecido secretor.
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