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OBSERVATION ON POLLEN MORPHOLOGY AND SACCUS
ONTOGENESIS IN CRYPTONOCLEA PRIMITIVA

Li Zhong-ming

( Institute of Botany. Academia Sinica, Beijing 100039 )
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Summary

INTRODUCTION

As a whole fossil plant, including structurally preserved seed, leaf and pollen-bearing
organ, Cyrptonoclea primitiva was known from coal balls of the Wangjiazhai Mine in
Shuicheng Area, Guizhou, China. The specimens belong to the upper Upper Permian (P})
in stratigraphic position, and the taxon has been assigned to the order Gigantoteridales.

All parts of the whole fossil plant, including pollen, have alredy been described in the
last paper. but the present investigation further enriches our knowledge of this kind of
pollen, and therefore it is necessary to give an additional explanation here.

On the other hand, the studies on reproductive biology of fossil plants, which are
rapidly developing for the last ten years, have captured the fascination of many palaeobo-
tanists. Previous reports in this field involved not only archegonium, cellularized magaga-
metophyte and embryo of seeds but also embryonal cell, prothallial cell, pollen tube and
even spermlike content, with the establishment of some ontogenetic sequences of ovules
(seeds) and spores, such as ovules of Callospermarian and elaters of the spores of
Calamostachys binneyana . These led to the removal of some artifical taxa in taxonomy of
the ovules and spores. However, up to now the ontogenesis of pollen saccus has rarely been
reported. Through detailed observation on in-situ pollen of Cryptonoclea primitiva , the on-
togenetic sequence of the pollen saccus has been demonstrated and will be described in de-
tail here. This will enrich our knowledge of ontogenesis of fossil pollen and avoid emer-

gencé of artificial classification in palaeopalynology.
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TERMINOLOGY

The determination of the equatorial face takes into consideration the identity with
common monosaccate pollen (Dibner, 1973). But there is a little difference between them in
the small concavity on the equatorial face (P1. I, figs. 5, 7). Therefore, except for the e-
quatorial face (A-A of P1. I, fig. 7), the primary plane (B-B of P1. I, fig. 5) and the sec-
ondary plane (C-C of P1. I, fig. 6) are defined in order to describe them conveniently.
Moreover, there is a large “saccus-corpus attachment region” on the polar surface. Hence
A-A of P1. I, fig. 7 is considered as the equatorial face although the axis between both

proximal and distal surfaces is the shortest one of the three axes.
GENERAL FEATURES OF SYNANGIUM

In morphology the synangium of Cryptonoclea primitiva was described in the last pa-
per but it is necessary to give a simple explanation in order to understand their in-situ
pollen.

The pollen-bearing organ of Cryptonoclea primitiva is similar to a common
synangium, but it is doubtless that these synangia are a kind of pollen-bearing organs
based on organic attachment and the nature of grains, which are morphologically somewhat
similar to those in the genus Idanothekion of the order Callistophytales.

The pollen-bearing organs of this type are represented by synangia, each of which is
borne on the abaxial surface of the pinnules by a stalk.. The synangium is radially symmet-
rical, consisting of a longitudinally elongate and fused ring, commonly 4—6 sporangia (P1.

I, fig. 1) surrounding a central column, without distal hollow.

The synangia are digital, ranging between 1 000 and 1 300 pum in length, roughly cir-

cular to elliptical in cross-section, and measuring 300—400 pm in maximum diameter (P1.
I,fig.1:P1. 1, fig. 7.

A vascular strand from secondary lateral veins of pinnules traverses the stalk and en-
ters the central column of synangium, extending up the central column for the length.of the
column (P1, I, figs. 1, 2).

The vascular strand makes up about 10 tracheids with scalariform pitting (P1 I, fig.
7). The strand in the central column is surrounded by parenchyma.

The sporangia are slender. elongate in shape, with arching distal end and are circular
in transverse section, measuring 150 pm in maximum diameter and 1 000—1 300 pm in
length, but their inwardly directed walls are slightly flattened.

Generally it seems that the cells on the sporangial wall near the central column -of
synangium have thicker wall than others, but some of the cells near the dehiscence on the
outwardly directed sporangial wall exhibit thickened walls which may be related to dehis-

cent function (P1. I, fig. 2).
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MORPHOLOGY OF POLLEN

A lot of in-situ grains were observed in sporangia (P1. I, figs. 1,9, 10). These grains
are rather small and so unusual in morphology that all of them were initially thought to be
immature grains morphologically. Subsequently, examination indicates that they represent
a series of grains in different development stages and some of them are actually mature
grains since whatsoever may represent morphologically more mature grains has not been
found in the dehiscent sporangia, even in matrix with synangia.

The grains are commonly flattened-ellipsoid in shape, consisting of a central body (or
corpus) and saccus, with a small concavity at only end of the major axis situated on the
equatorial plane. They are varying in size, measuring 15—19. 5 pm in maximum length (18
pm on the average) which is equal to the length of a corpus, and 12—17.5 pm in total
width (15 pm on the average) on equatorial face (P1. I, figs. 10, 11; Text-figs. 1, 2). In
polar view, the grains are commonly elongate-ellipsoid in equatorial plane; the corpus ap-
pears slender-elongate, measuring 9. 5X 18 um in equatorial plane and 6—9 um thick in the
secondary plane. Two semilunate saccus lobes are situated on either side of the corpus on
the equator, with two major axes of the lobes parallel to the primary plane. The lobes are
called “equatorial saccus lobes” based on position, measuring 18 pm in length and 3 pm in
width in equatorial face (P1. I, fig. 5:P1. I, fig. 6; Text-fig. 3).

In lateral view toward the secondary plane the grains display two dumbbell-like el-
lipses on the equator. The equatorial saccus lobes are thicker (9—11 pm) than the corpus
in the secondary plane (P1. I, fig. 7: P1. 1, figs. 2, 5; Text-fig. 3). Two saccus lobes,
through which the equatorial lobes connected to each other, occur on the distal surface and
are symmetrical to the secondary plane. Based on their position, the lobes are named “distal
saccus lobes”, measuring 2 pm in maximum height (P1. I, figs. 3, 7, 11; P1. T, figs. 3. 5;
Text-fig. 3). A circular saccus lobe, which surrounds the corpus and is connected to equa-
torial lobes, is situated in the secondary plane, measuring 15X 10 pm in periphery (P1. 1,
figs. 3, 4; Text-fig. 3). According to the shape this lobe is called the “circular saccus lobe”.

In short, the common grains morphologically contain a small concavity and five saccus
lobes, including two equatorial lobes, two distal lobes and one circular lobe; however, since
these lobes are connected with each other to form an entire saccus. the grains of this type
are monosaccate in nature.

It is easy to distinguish the distal area from the proximal in mature grains as except in
distal lobes there are two smaller “bladder free areas” which are rather large due to the
presence of only a circular lobe proximally (P1. I, fig. 11;P1. I, figs. 1, 5). or “saccus-
corpus attachment regions” distally, which sit between distal lobes and the circular lobe.
No definite germination aperture has been found but a slit parallel to the secondary plane is
observed on the distal surface of a few grains.

The above-described morphology of grains has been shown by light microscope and
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proved by SEM. P1. I, figs. 1—3 reveal clearly the outline of all saccus lobes and small
concavity at the end of the major axis, while the SEM micrographs show the external orna-
mentation of grains, which is reticular with small granula.

The internal pollen structure is demonstrated by observation under SEM. P1. 1, figs.
4—6 indicate the sexine separated from the nexine in the saccus region. The prominent
alveolate organization which is directed inwards and by which the sexine and nexine are
connected in the saccus region, occurs in the saccus which is distinct from the pseudosaccus
in feature in the presence of an obvious saccus corpus attachment region. Therefore, the
grains represent one type of monosaccate pollen, although the saccus of these grains was
not fully developed. as compared with other monosaccate pollen grains, such as
Vesicaspora.

In the corpus of the pollen, sometimes the content (P1. I, figs. 5-—8) may represent

the nucleus.
ONTOGENESIS OF POLLEN SACCUS

The above-described morphology and size of the pollen sometimes seem to be variable
(P1. I.figs.10,11;P1. I.fig. 8; Text-figs. 1, 2), but the variability reflects only different
development stages of the pollen. During observation on a series of pollen variable in size,
at first it will be found that the smallest pollen, measuring 8 pm in diameter and 10 pm in
length, is short-ellipsoid in shape, with a round cross-section in the secondary plane and
has only the obvious circular lobe; however, the concavity at the end of the major axis is
very prominent (P1. I, figs. 7, 8;P1. I, figs. 8, 9: Text-fig. 4B). Next pollen increases in
size on equatorial face and primary plane due to the development of equatorial lobes and
becomes flattened-elliptical, measuring 18 X 15X 10 um, while the concavity begins to be-
come obscure (P1. I, figs. 1, 6; Text-fig. 4C). Finally the pollen differentiates two distal
lobes (P1. I, fig. 3; Text-fig. 4D). The more strongly the distal lobes are developed, the
more obscure has become the distal part of the circular lobe (P1. I, fig. 3: Text-fig. 4E).
which even looks like a furrow in the mature pollen (P1. I, fig. 3; Text-fig. 4F). This on-
togenetic sequence of the pollen is shown in text-fig. 4, in which A represents the hypo-

thetical first stage.

DISCUSSION

From the development stages of the pollen in Cryptonoclea primitiva it is found that
the pollen grains are so variable in morphology that they could be assigned to different
species and genera, and the polar surface may be differently defined when the pollen grains
are dispersed. Hence the observation and establishment of the ontogenetic sequence will be
helpful not only in understanding the reproductive function of fossil plants and enriching
our knowledge of their reproductive biology but also in removing artificial taxa in

palaeopalynology. In addition, the ontogenetic sequence demonstrates that the pollen grains
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first differentiate the saccate lobes and then the lobes form the saccus. It is necessary to
make a further discussion of the problem on the presence or absence of such an ontogenetic
sequence in other pollen.

Observations on the ontogeny of pollen grains and ultrastructure of their saccus region
indicate that the sexine is not initially separated from the nexine; then the alveolate organi-
zation is formed between both of them, and the radial tubes are expanded. These lead to the
forming of the saccus. This process has been found in living cycads (Audran, 1981; Taylor,
1982), and may be helpful in dispersing the pollen grains but it is believed that no saccus is
formed in living cycads since the expansion is so limited that it can be observed only under
E. M. In the present pollen the expansion is so obvious that it could form the saccus. But
the radial tubes are not separated from the nexine, and so the saccus is not fully developed.
On the other hand, the saccus is apparently not pseudosaccate in nature due to the presence
of the saccus-corpus region, in which there are no alveolate organizations. It seems that the
pollen grains of Cryptonoclea primitiva are an intermediate between polysaccate and

monosaccate pollen in phylogeny.
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