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Abstract
The fine morphology of Plicatipollenites malabarensis (Potonié and Sah) Foster, 1975 from the Early Permian Al Khlata
Formation, Oman was studied using light microscopy (LM), scanning electron microscopy (SEM), and transmission electron
microscopy (TEM). A ‘crochet-like’ sculpture is visible on both sides of the corpus in SEM. On ultramicrographs, this sculpture is
distinguishable as a thin undulating ectexinal layer. The darkened area around the proximal trilete scar visible in transmitted light
reflects a slight endexinal thickening in that area. The reticulate ornament of the saccus seen in LM is a result of superimposed
superficial folds and inner ectexinal partitions. The saccus is filled with ectexinal partitions, many of which are radially orientated;
its protosaccate appearance might be due to compression. The endexine is prominent and homogeneous. However, the presence of
several indistinct lamellae in a less compressed region implies the originally lamellate form of the endexine. Morphological data on
Plicatipollenites gondwanensis (Balme and Hennelly) Lele 1964 from the same deposits and Cordaitina Samoilovich, 1953 from
the Permian of Russia (Kungurian of Cis-Urals and Kazanian of Siberia) are used for comparison. These taxa are similar in the
corpus sculpture, thick, apparently homogenous but ontogenetically lamellate endexine. Differences between Plicatipollenites and
Cordaitina include the presence of an endexinal fold encircling the corpus in the former genus and certain dissimilarity in the
ultrastructure of the proximal scar. Nonetheless, both genera show a complicated ultrastructure of the proximal scar region
implying that the scars might have served as apertures.
© 2006 Elsevier B.V. All rights reserved.
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1. Introduction
The glacigene Early Permian Al Khlata Formation
contains a microflora of Gondwanan affinity (Stephenson, 1998, 2004; Stephenson and Filatoff, 2000;
Stephenson et al., 2003), most closely related to that
of the Early Permian of southern Africa, Australia,
South America, Antarctica, and India (e.g., Anderson,
1977; Foster, 1979; Archangelsky and Gamerro, 1979;
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Tiwari and Tripathi, 1988; Lindström, 1995), but also
contains radially symmetrical monosaccate pollen such
as Plicatipollenites Lele, 1964 and Cannanoropollis
Potonié and Sah, 1960 that are similar to Cordaitina
Samoilovich, 1953 from the Angaran and Euramerican
provinces (e.g., Dibner, 1973). Cordaitina is adequately
described and illustrated, but the generic diagnosis does
not refer to characteristics now thought to have generic
significance, for example, saccus detachment and
haptotypic features. For this reason, the genus is difficult
to compare with Plicatipollenites and Cannanoropollis.
Hart (1965) emended Samoilovich's diagnosis stating
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Fig. 1. Location of Amal-6 well, Oman.

that a trilete mark may occur and gave details on the
precise nature of the saccus detachment. Hart's
emendation rendered Cannanoropollis a junior synonym of Cordaitina. Potonié and Sah (1960) did not
compare Cannanoropollis with Cordaitina.
In an attempt to compare the genera Cordaitina,
Potonieisporites Bhardwaj, 1954 emend. Bharadwaj,
1964 and Cannanoropollis, Powis (1979) undertook
TEM studies of pollen grains of six species of the latter
genera, two from North America and four from
Australia. His figured TEM sections of Cannanoropollis
janakii Potonié and Sah, 1960 from Australian Permian
sediments (Powis, 1979, pl. 17, Figs. 1 and 2) and
Cordaitina sp. from North American Missourian
sediments (Powis, 1979, pl. 23, Fig. 1) show similar

exinal corpus configuration, but differences in infrareticulation of the respective sacci. Powis (1979) used
his findings to support his rejection of the use of
Cordaitina in the Gondwana province.
Vijaya et al. (1988) examined pollen grains of
Cordaitina from Angara (although details of the specimens are not given) and considered that protosaccate
saccus ectexine extends over the whole of the distal
surface of the corpus; this, they asserted, distinguishes
the genus from the radially symmetrical forms from
Gondwana (see Vijaya et al., 1988, text and Fig. 6).
While the specimens figured in Vijaya et al. (1988) may
indeed have such characteristics, the type species of
Cordaitina and its holotype appear to have merely a
girdling saccus (Luber and Waltz, 1941, p. 155 state that

Plate I. Plicatipollenites malabarensis (Potonié and Sah) Foster, 1975. General and surface morphology of a single pollen grain.
1.
2.
3.
4.
5.
6.

General view of the specimen in transmitted light. LM.
General view of the proximal surface of the specimen. The saccus and corpus of the pollen grain differ in their sculpture. The pollen grain
is mechanically ruptured. SEM.
The corpus region of the pollen grain. Note a darkened area around the trilete scar. LM.
Central region of the pollen grain showing the surface in the region of the trilete scar. SEM.
Enlargement of the previous figure. Note the crochet-like sculpturing. SEM.
A peripheral region showing a folded surface of the saccus. SEM.
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the “fringe” is a “….ring like structure” and that it “partly
overlaps” the body). The figured specimens of Samoilovich (1953) and Luber and Waltz (1941) are not
sufficiently clear to ascertain saccus attachment. TEM
sections of Cordaitina (Powis, 1979, pl. 23) show no
saccus development over the distal face of the corpus.
The present paper is restricted to the relationship
between Plicatipollenites and Cordaitina (more comparison with other monosaccate genera at the level of the
exine ultrastructure is planned for our further studies).
To contribute to this problem we report here the results
of detailed light microscopy (LM), scanning electron
microscopy (SEM), and transmission electron microscopy (TEM) of Plicatipollenites.
2. Material and methods
Pollen grains of the genus Plicatipollenites were
recovered from the glacigene, non-marine Al Khlata
Formation at depth 3326 m in the Amal-6 borehole in
south Oman (Fig. 1). This formation was deposited in a
large intracratonic basin comprising much of the
southern part of Oman south of the Oman Mountains.
The northwestern extent of the basin, beneath the Rub'
Al-Khali, is not well known (Hughes Clarke, 1988), and
its eastern and southern limits are obscure due to erosion
related to the Haushi-Huqf uplift in eastern Oman. The
Al Khlata Formation has been dated using palynostratigraphical correlation with other sections in the Gondwana realm (Besems and Schuurman, 1987; Love,
1994; Stephenson, 1998; Stephenson and Filatoff, 2000;
Stephenson et al., 2003; Stephenson, 2004), since no
macrofossils are present. Besems and Schuurman
(1987) and Love (1994) considered the Al Khlata
Formation to be late Westphalian to Sakmarian in age,
mainly by comparison with the Australian biozones of
Kemp et al. (1977). Stephenson (1998, 2004), Stephenson and Filatoff (2000) and Stephenson et al. (2003),
working with subsurface core samples, suggested an
Asselian–Sakmarian age for sediments in the upper part
of the formation in the Amal-6 and -9 wells in southern
Oman mainly on the basis of characteristic taxa of the

245

Granulatisporites confluens Oppel Zone of Foster and
Waterhouse (1988).
The preparation of strew mounts for palynological
analysis involved well-established procedures of crushing followed by hydrochloric and hydrofluoric acid
treatments (Wood et al., 1996). Post-hydrofluoric acid
organic residues were oxidised with Schulze's solution
and dilute nitric acid. Pollen grains were picked with a
fine wooden needle and placed in glycerin for LM
monoslides (a slide that contains one miospore). For
SEM, the pollen grains were mounted on standard stubs,
coated with gold–palladium and examined under a
Hitachi S-405A SEM. For transmission electron microscopy, pollen grains were removed from SEM stubs
with a needle and embedded in epoxy resin (for details
of the technique, see Meyer-Melikian and Telnova,
1991). The pollen grains were sectioned with a LKB 3
ultramicrotome with a diamond knife and examined
under a Hitachi H-600 TEM.
3. Results
Pollen grains of Plicatipollenites malabarensis show
radial symmetry, an equatorial saccus, a prominent
trilete mark, and a continuous fold encircling the pollen
corpus (Plates I, 1 and III, 1). In transmitted light, the
corpus of the pollen grain shows a microgranulate to
microreticulate ornament with a slightly darkened area
around the proximal scar. The saccus is reticulate.
Under SEM, the corpus of the pollen grain shows a
microrugulate (‘crochet-like’) sculpture that corresponds to the fine pattern visible in transmitted light.
This type of sculpture is better developed on the
proximal face (Plate I, 4,5), but is also present on the
distal face (Plate III, 2,4). The proximal scar appears as a
small elevation of the exine surface (Plate I, 4). The
surface of the saccus is distinct from that of the corpus in
being covered with broad folds, many of which are
radially orientated. Therefore, the reticulate pattern of
the saccus visible with LM results from the superimposed superficial folds and inner partitions of the
saccus. The circular fold is a folded endexine as is

Plate II. The ultrastructure of the pollen grain shown in Plate I.
1.
2.
3.
4.
5.
6.
7.

Region of the saccus/corpus boundary showing the endexine and ectexinal partitions of the saccus. TEM.
A peripheral section through the saccus region. TEM.
A section through the peripheral region of the corpus of the pollen grain. TEM.
A section through the central region of the pollen grain. The single arrow indicates the proximal scar cut; the double arrow points the
position of the enlargement of 1. TEM.
Saccus ultrastructure. TEM.
A section of the proximal scar. TEM.
A section of the proximal scar. TEM.
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evident under SEM through a ruptured portion of exine
(Plate III, 3) and in TEM ultramicrographs (Plates II, 3,4
and IV, 2).
TEM reveals two layers of exine (ectexine and
endexine) that are different in morphology and electron
density (Plate IV, 2). The ectexine forms the partitions of
the saccus and a thin layer covering both faces of the
corpus. In sections of the peripheral part of the saccus,
the latter appears protosaccate (Scheuring, 1974), totally
filled with ectexinal partitions (Plate II, 2), many of
which are radially orientated (Plate II, 5). However,
sections through central regions of the pollen grain show
(Plate IV, 2) that at least some saccus partitions do not
reach to the underlying layer and that the protosaccatelike appearance might be due to compression. In
addition, the presence of the endexinal fold implies
that the pollen grain might have been more expanded in
the living state.
The ectexine attenuates considerably towards the
polar regions. Over the corpus, the intermediate
sublayer that constitutes the ectexinal partitions of the
saccus disappears, while the outermost layer becomes
finely undulating to form a crochet-like pattern over the
corpus (Plates III, 5 and IV, 1).
The endexine is prominent and homogeneous. At the
region of the fold (where the exine is compressed to a
lesser degree) several weakly defined lamellae are
distinguishable (Plate IV, 5). The thickness of this
layer is nearly uniform, becoming only slightly thicker
toward the proximal pole (Plate II, 4) where the endexine
apparently corresponds to a darker area around the scar,
visible in transmitted light (Plate II, 3). As seen in SEM
and TEM, the sculpturing does not vary throughout the
proximal face of the corpus, including the area that is
seen in transmitted light as a darkening around the
proximal scar. Since the sculpturing is uniform, the
darkening results from external structures and, therefore,
reflects the slight thickening of the endexine.
Over the scar, the endexine is interrupted (Plate IV, 4)
and covered with a thin and undulating uppermost
sublayer of ectexine (Plate II, 6). This sublayer forms a
slight elevation (visible under SEM) that marks the
position of the proximal scar (Plate IV, 4).
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The morphology of Plicatipollenites gondwanensis
was studied for comparison to Plicatipollenites malabarensis. The specimen studied (Plate V, 1,2) shows
close similarity the sculpture of the corpus and saccus
(Plate V, 3), saccus ultrastructure (Plate V, 4), as well as
ectexine and endexine morphology (Plate V, 5,6).
4. Discussion
Comparison between the present material and the
ultrastructure of monosaccate pollen grains of the genus
Cordaitina Samoilovich, 1953 from the Permian of
Angaraland (Zavialova et al., 2004) is important since
the genera Plicatipollenites (and Cannanoropollis) are
generally used by taxonomists in the Gondwana
palaeophytogeographic province, while Cordaitina is
conventionally used in studies of Angaraland and
Euramerican palynofloras.
Both Plicatipollenites and Cordaitina show a very
similar sculpture of the corpus surface. Such a sculpture
was found to constantly occur in specimens of the latter
genus from several localities of Kungurian and
Kazanian ages (Zavialova et al., 2004, pl. V, 2). A
significant variability in several other morphological
characters that are usually considered as taxonomically
significant in contrast to the uniformity of sculpture led
Zavialova et al. (2002) to the assumption that the
crochet-like (microrugulate) sculpture might be a
characteristic feature of the Permian Cordaitina. In
addition, a younger member of this genus, Cordaitina
gunyalensis (Pant and Srivastava) Balme, 1970, is
devoid of such sculpture (Zavialova and Yaroshenko,
2002). Our results show that this type of sculpture is not
unique for this Palaeozoic monosaccate pollen type.
Although Foster (1979) did not apply SEM in his study
of Plicatipollenites and the SEM images of this genus
made by Powis (1979) were made under insufficient
magnification to reveal minute sculpturing, the undulating margin of the sections over the corpus region
implies the presence of similar sculpture in their
material.
Foster (1979) assigned Plicatipollenites to the
protosaccate type, but we suspect that the protosaccate

Plate III. Plicatipollenites malabarensis (Potonié and Sah) Foster, 1975. Morphology of a single pollen grain.
1.
2.
3.
4.
5.

General view of the pollen grain. LM.
View of the distal surface of the specimen. SEM.
Enlargement of the previous figure. Ectexinal partitions of the saccus and folded endexine are seen through a mechanical rupture (to left).
Note the three-dimensional saccus ultrastructure and endexinal fold. SEM.
Enlargement of 2. The surface of the corpus region. SEM.
A section of the central region of the pollen grain. Two rays of the proximal scar are cut. TEM.
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appearance may be due to a strong compression of the
pollen grains during fossilization, and that the saccus
ultrastructure in Plicatipollenites is also comparable to
that found in some specimens of Cordaitina and
described as an intermediate type of saccus ultrastructure because a narrow cavity occurs between the layer of
ectexinal partitions and the endexine. It should be noted
that, by contrast to Plicatipollenites malabarensis and
Plicatipollenites gondwanensis, Cordaitina varies in
saccus ultrastructure. Within the limits of one species of
Cordaitina, specimens having saccus with the ectexinal
partitions rooted in the endexine (protosaccus) and
specimens of intermediate type, i.e., with a narrow
cavity in the saccus, occur (Zavialova et al., 2004).
In Plicatipollenites and Cordaitina, the endexine
appears prominent and homogeneous. However, in
regions that suffered less from compression, an
indistinct lamellate structure is present. We believe
that the endexine may be originally lamellate, but this is
not obvious because of later transformation of this layer
into a homogeneous structure. Similarly, the inner exinal
layer in immature pollen grains of Gothania Hirmer
1933 and Caytonanthus Harris 1937 is more distinctly
lamellate than in the mature ones (Osborn and Taylor,
1994). A similar situation arises during the ontogeny of
saccate pollen in several extant conifers: at the freespore phase, the lamellae are stretched, tightly adpressed
and virtually indistinguishable as separate units (Kurmann, 1990).
The differences between Plicatipollenites and
Cordaitina include the presence of an endexinal fold
encircling the corpus in the former genus as well as

certain dissimilarity in the ultrastructure of the
proximal scar region. In Cordaitina, the endexine
becomes much thicker and looser toward the proximal
scar (Zavialova et al., 2004, pl. III, 4) than in the
corresponding regions in Plicatipollenites. The ultrastructure of the proximal scar in Plicatipollenites (at
least, in some sections) rather resembles that of the
Early Pennsylvanian Gothania (Taylor and Daghlian,
1980) in having a dome-like gap over the laesurae,
lined by outer and inner membranes. However, in
Gothania these membranes are formed by an outer
exinal layer, whereas in Plicatipollenites these are
remnants of the endexine.
Contrary to expectations, the exinal ultrastructures
of the two genera of Permian monosaccate pollen
grains, Plicatipollenites and Cordaitina, have much
more in common than one could expect, bearing in
mind that these pollen types originate from disparate
palaeophytogeographic provinces and are believed to
be produced by unrelated parent plants (Meyen, 1982,
1987). This study has shown that the morphology of
the proximal scar regions in Plicatipollenites and
Cordaitina were not rudimentary or vestigial but
served as apertures and, therefore, were important for
successful functioning of the male gametophyte. The
significance of apertural regions in the morphological
evolution of pollen grains is well known; however, the
proximal scar region (usually considered as vestigial)
has been underestimated in this respect until now.
More data on the exine ultrastructure of the proximal
scar region of other monosaccate pollen genera are
therefore required.

Plate IV. (see page 249)
The ultrastructure of the pollen grain shown in Plate III.
1.
2.
3.
4.
5.
6.
7.

A section through the peripheral region of a ray of the proximal scar. TEM.
A section of the pollen grain in the central region. The arrow indicates the proximal scar cut. TEM.
A region of endexinal folds. TEM.
Proximal scar region. TEM.
Enlargement of an endexinal fold with indistinct lamellations. TEM.
A section through the peripheral region of a ray of the proximal scar. TEM.
Saccus ultrastructure. TEM.

Plate V. (see page 250)
Plicatipollenites gondwanensis (Balme and Hennelly) Lele 1964. Morphology of a single pollen grain.
1.
2.
3.
4.
5.
6.

General view of the folded pollen grain. LM.
View of the distal surface of the specimen. SEM.
The saccus/corpus boundary is enlarged. Note the characteristic sculpturing of the corpus. SEM.
A peripheral section through the hollow of the saccus. TEM.
A region of the section showing an undulating tectum. TEM.
A region of the section, which is more centrally situated. Note the prominent endexine. TEM.
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Plate IV (caption on page 248).
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Plate V (caption on page 248).
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