EXINE STRUCTURE IN CECROPIA L. (MORACEAE) POLLEN GRAINS
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ABSTRACT

Species of the genus Cecropia have very small pollen grains. The exine stratification
and surface ornamentation are here elucidated by means of electron microscope observations.
The ten species studied may be divided into two groups according to the distribution of
spinules over the pollen grain surfaces: one group with uniform distribution and the other
with spinules only at equatorial regions so that the polar areas are nearly smooth. From the
surface inward, the exine presents supratectal spinules; a well formed tectum traversed by
very small channels; short and fine bacula; a discontinuous nexine 1 and a continuous nexine
2, which is thicker around the pores. With respect to the differentiation of tho exine
structure, Cecropia exhibits a degree of evolution within the Moraceae family, which argues
against any approximation of this genus to the Urticaceae family.

RESUMO

Devido ao pequeno tamanho dos grdos de pdlen de espécies do género Cecropia, € elucidada
no presente trabalho a estratificagdo da exina e a ornamentagdo das superficies por meio de
observag@es em microscopia eletrdnica. As 10 espécies estudadas podem ser separadas em dois
grupos segundo a distribuig8o dos espiculos na superficie dos grdos de pdlen: distribuigdo
uniforme com espiculos acumulados na faixa equatorial, deixando as dreas polares praticamente
lisas. A exina é estruturada de fora para dentro por espiculos supratectais, de um teto bem
desenvolvido atravessado por diminutos canaliculos, baculos curtos e delgados, uma nexina 1
descontinua e uma nexina 2 continua, espessada em volta dos poros. De acordo com estas
diferenciagBes da estrutura da exima, o0 género Cecropia apresenta dentro da familia Moraceae
um certo grau de evolugdo que ndo apoia a sua aproximagd@o a familia Urticaceae.

INTRODUCTION

Numerous species of Cecropia (Moraceae) occur within tropical regions, mainly along river
margins. In the Atlantic forest of eastern Brazil, they are considered as indicative of
secondary forests. Their pollen grains are wind dispersed and occur frequently in air
sediments (BARTH et al., 1975), honey sediments (BARTH, 1970) and soil sediments (ABSY, 1979).
The more frequent common names are: "embalbas, imbadbas or cecrdpias".

The pollen grains of Cecropia present a special morphology that distinguishes them from
other genera. The details of surface ornamentation and exine stratification can not be well
defined by light microscopy (LM) because of the small size of the pollen grains.  Scanning
electron microscope (SEM) observations were made by BARTH (1974, 1984), thereby detailing and
extending the published record of LM pollen characteristics (ERDTMAN, 1952; BARTH, 1976;
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RAMOS - ZAMORA, 1977).

The exine structure, on the other hand, is still not well elucidated, MARTINEZ-HERNANDEZ
et al. (1979) present a cross section through the C. obtusifolia exine, but several
fundamental questions as to texture remain unsolved for this and other species. The present
paper answers some of these questions.

MATERIAL AND METHODS

Pollen grains samples were obtained from the following herbaria: Herbdrio "Alberto
Castellanos", FEEMA, Rio de Janeiro (GUA); Herbdrio "Barbosa Rodrigues", Itajai, Santa
Catarina (HBR); Herbario do Museu Paraense Emilio Goeldi, Belém, Pard (MG); Herbdrio do
Jardim Botanico, Rio de Janeiro (RB). Specimens examined were:

Cecropia adenopus Mart. ex Miqg.; Irwin, Grear, Souza & Santos 14.415 (MG)

C. catharinensis Cuatrecasas; Hatschbach 5.103 (HBR); Carauta 620 (GUA)

C. glazioui Snethlage; Klein & Souza 7.329 (HBR); Liene, Pereira 3.944, Sucre & Duarte
(RB)

C. hololeuca Miquel; Angeli 350 (MG)

C. lyratiloba Miquel; Carauta 225 (MG)

C. obtusa Trécul; Reitz C-467 (HBR)

C. pachystachya Trécul; Brito & Vinha 228 (MG)

C. palmata Willdenow; Carauta 554 (GUA); Carauta 969A (GUA)

C. sciadophylla Mart.; Egler 439 (MG)

C. surinamensis Miquel; P. Cavalcante 1.392 (MG)

Fragments of male inflorescences were ground, acetolysed and embedded in glycerine jelly
for LM observations. Samples for SEM observations were transfered from water to 70% ethanol
after acetolysis, dripped into microscope stubs and left overnight at 37°C to dry; they were
then sputtered with a 20 mm-thick layer of gold and observed in a JEOL 25-SII scanning
electron microscope at 12,5 KV. For ultrathin sections, the acetolysed pollen grains were
placed in 2% agarose, dehydrated in successively higher concentration of acetone, and small
pieces embedded in araldite; sections were cut with a diamond knife, stained with wuranyl
acetate and lead citrate, and observed in a ZEISS EM-10B transmission electron microscope
(TEM).

RESULTS

Cecropia pollen grains are unmistakably distinct from other pollen grains or the basis of
their form and small size. The smallest grains among the 10 acetolysed species studied here
belong to C. hololeuca (12 x 8um) and the largest to C. palmata (15,5 x 9um) (Table 1). The
pollen grains are bilaterally symmetrical, elongate along the polar axis, with two small
equatorial pori located opposite each other, each at the center of an annulus (= thickening of
the nexine). In LM observations, the surfaces are smooth (Figs. 1-3, 10, 11), but at
magnifications above 1000X, fine granulations are detectable, specially in the equatorial
region between the aperture areas.

SEM observations confirm these characteristics. The surface granulations or spinules are
indeed more numerous in the equatorial areas (Figs. 4, 5), whereas polar areas may remain
smooth (Figs. 12, 13).

206



Bol. IG-USP, Publ.Esp., 7:205-213, 1989

m
aniies Measurementljti Lquatorial e em——
Polar axis s supratectal spinules
C.adenopus 15 (13 =17,5) 10 (8 =-11) general
C.catharinensis 13,5 9,5 general
C.glazioui 12,5 8,0 equatorial
C.hololeuca 12 (11 =13) 8 (7,5-9) equatorial
C.lyratiloba 15 (13 -16) 10 (9.5-11,5) general
C.obtusa 15,0 9.5 equatorial
C.pachystachya 12,5 (11 =13,5) 9 (8,5-10) general
C.palmata 15,5 (14,5-16,5) 9 (8 -10) equatorial
C.sciadophylla 11 (10,5-12) 7 (6,5-8) equatorial
C.surinamensis | 14,5 (13 =15,5) 10 (w0 -10,5) general

Table 1 - Average grain dimensions and spinule distribution in Cecropia pollen. Size ranges
are given in parentheses.

Considering these observations, the studied species of Cecropia may be divided into two

groups:
Group A: Species with supratectal spinules over the whole surface, occasionally less numerous
at the poles:
C. adenopus, C. catharinensis, C. lyratiloba, C. pachystachya and C. surinamensis.
Group B: Species with supratectal spinules only in equatorial areas; polar areas smooth: C.
glazioui, C. hololeuca, C. obtusa, C. palmata and C. sciadophylla.

Numerous spinules with large bases and short pointed apices distributed over the entire
surface of the grain are characteristic of C. catharinensis (Figs. 4,5) and C. surinamensis
pollen. Very small spinules occuring only in equatorial regions are typical of C. palmata
(Figs. 12, 13); spinules with slightly larger bases occur in C. glazioui, C. obtusa and C.
sciadophylla.

Exine stratification may be examined in ultrathin sections (Figs. 6, 14). The tectum is
relatively thick (Fig. 7) and texturally homogenous, with compact supratectal spinules, which
may be limited to the equatorial areas in some species (Fig. 14). Small channels traversing
the tectum may be observed at very high magnifications (above 20 000X) (Fig. 7) connecting the
interior of the grain to the surface; around the spinules their diameters are larger (Text-
fig. 1). Below the tectum, the next layer of the exine is formed by very short and narrow
bacula, sometimes branched, numerous and winding, so that they may appear like small granula
in cross section. The bacula may be joined at their bases to form discontinuous plates
parallel to the surface that correspond to nexine 1. At this point, partial separation
frequently occurs between sexine and nexine in acetolysed pollen grains (Figs. 8, 15). Nexine
2 in the polar regions of grains is two or three times thinner than the tectum; however at
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the annuli it is thicker. The inner side of the pori presents numerous short filaments of
nexine 2; their internal diameters are larger than the outer aperture at the tectum (Figs. 8,
9, 16).

Ubisch bodies or orbicules (Fig. 15) present an electron-translucent core and an
irregularly structured surface.

Fig. 1 - Schematic Cecropia exine structure (bar = 1um).

DISCUSSION

Cecropia pollen grains are commonly detected in honey samples, and as these grains are
not acetolysed, they maintain their cytoplasmic contents. The polar and equatorial diameters
are 8,5 x 7 Um, respectively, but after acetolysis, their dimensions increase to ca.
14 x 9 Um (ERDTMAN, 1952; BARTH et al., 1975; BARTH, 1976), and they frequently do not
maintain their original form due to the fragility of nexine 2.

The pollen grains morphology of Cecropia differs considerably from that of other genera of
Moracea (BARTH, 1984). Uniformly distributed supratectal spinules are frequent in several
genera (RAMOS-ZAMORA, 1977; BARTH, 1984), but their concentration in the equatorial region of
the pollen grains is typical for Cecropia (BARTH, 1974).

The tectum is not imperforate as asserted by MARTINEZ-HERNANDEZ et al. (1979) for
ultrathin sections of C. obtusifolia Bertol. Detection of the very small channels inside the
tectum (Figs. 7, 16) depends upon the thickness of the section and the resolution of the
electron microscope. These same authors also affirm that nexine 2 is lacking: this may be a
problem of nexine structure interpretation, as the only illustration presented is not
sufficiently clear. Nexine 2 is present in all specimes examined in the present study but is
less electron dense than the tectum. The detachment between bacula and nexine in acetolysed
preparations may partially explain this fact (Figs. 8, 15). Similar detachments between the
bacula layer and nexine 1 also occur in the genus IDborstenia at aperture aspides and
interapertural "bleb" formation (BARTH, 1986).

The supratectal spinules have a relatively broad base and a short pointed apex, so that
in LM observations they appear as small granula.

Short and thin bacula, sometimes appearing like granula, and a discontinuous nexine 1 may
be interpreted as signs of primitivism in the exine structure of Cecropia pollen grains. The
thickening of nexine 2 around the apertures, on the other hand, represents a more advanced
degree of evolution.

Cecropia and Dorstenia are genera that occupy distinct positions within subfamilies of
Moraceae (CORNER, 1962; MELCHIOR, 1964; HUTCHINSON, 1967). Comparisions between their
pollen grain morphology (BARTH, 1986) reveal common characteristics, such as the granulate
texture of bacula layers and irregular distribution of spinules on their surfaces (absent over
the aspides in Dorstenia brasiliensis and in the polar areas of some Cecropia species). A
high number of apertures in Iorstenia pollen grains is considered an advanced character, as is
the increase in thickness of the nexine 2 or endexine around the two apertures in Cecropia;
this places the latter genus in a distinct situation in relation to other genera of the
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subfamily Moroideae which not present this character (BARTH, 1976).

Some authors (CORNER, 1962; HAMILTON, 1976) suggest transfering the genus Cecropia to
the Urticaceae family. Pollen morphology does not support this suggestion. In accordance
with available palynological data, the pollen grains of the subfamily Moroidaceae (BARTH,
1976) are more closely related to the Urticaceae (HAMILTON, 1976) than is Cecropia of the
Conocephaloideae subfamily.
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Plate I
Pollen grains of Group A.
Figs. 1-2: Cecropia surinamensis: equatorial views, LM (bar = 5um).
Figs. 3-9: Cecropia catharinensis.

Fig. 3: Equatorial views, LM (bar = 5 um).

Fig. 4: Equatorial view, thick spinules at mesoporus and over the entire grain, SEM (bar =
2 um).

Fig. 5: Equatorial view with porus at the right, SEM (bar = 2 Hm).

Fig. 6: Equatorial view of thin section with two aperture areas, one on each side, TEM
(bar = 2 um).

Fig. 7: Thin channel in the tectum (arrow) TEM (bar = 0,5 Hm).

Fig. 8: Bacula detachment from nexine (at right), and cross section of aperture area (top),
TEM (bar = 2 um).

Fig. 9: Cross section of internal part of a porus with thickned nexine 2; arrow = channel,
TEM (bar = 0,5 um).

Abbreviations: LM = 1light micrograph; SEM = scanning electron micrograph; TEM =
transmission electron micrograph.
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Plate II
Pollen grains of Group B.

10-13: Cecropia palmata.
10: Equatorial views, LM (bar = 5 Um).
11: Nexine 2 detachment at the center of the grain (as a dark line), LM (bar = 5 Hm).
12: Equatorial view, mesoporus with spinules, smooth polar areas, SEM (bar = 2 um).
13: Equatorial view, porus, SEM (bar = 2pum).

14-16: Cecropia glazioui.

14: Thin sectin in equatorial view with polar nexine 2 detachment, TEM (bar = 1 um).

15: Oblique section with several nexine detachments and Ubisch bodies (arrows), TEM
= 2 um).

16: Longitudinal section of an aperture area with nexine 2 thickenings around porus,

lamellation of nexine at the aperture, granular bacula stratum and a fine channel in the
tectum (arrow), TEM (bar = 0,5 um).

Abbreviations as in Plate I.
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