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Figure 3. Portion of macerated curicle showing structure and ar-
rangement of stomata, subsidiary and epidermal cells. (x 400)

surrounded by a bundle sheath and a well-differentiated meso-
phyll showing both palisade and spongy layers (figure 2). The
foliage contains numerous scattered resinous cells throughout.
Leaves are amphistomatic with more stomata occurring on the

abaxial surface. The cuticle is thin but resistant, and shows
dicyclic stomata with incomplete rings of subsidiary cells (fig-
ure 3), a feature characteristic of many species of Dicroidium
(e.g., Anderson and Anderson 1983).

Specimens from the Fremouw Peak locality provide the first
evidence of the anatomical features of Dicroidium fronds and
show well-organized mesophyll, thin but resistant, amphi-
stomatic cuticles, and a frond-like organization. Descriptions of
this sort are invaluable in providing detailed information about
the Triassic flora that in turn can be used as a data base for
subsequent studies regarding climatologic and ecologic param-
eters of the Triassic Gondwana landscape. Moreover, the Fre-
mouw Peak specimens afford the opportunity to reconstruct an
important group of Mesozoic gymnosperms that some believe
may provide clues to angiosperm origins.

The research was supported by National Science Foundation
grants DPP 86-11884 and BSR 84-10399. Logistical support was
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One of the least-known periods in geologic time relative to
plant evolution is the Triassic. Although Triassic plant remains
have been documented, almost all are preserved as impression/
compression specimens in which critical information about the
internal tissues is lacking. Thus, to date our understanding
about Triassic plants has had to rely on morphological features
of predominantly two-dimensional fossils. For this reason the
discovery of Triassic plants that are three-dimensionally pre-
served in silica is particularly significant because it provides the
opportunity to detail the anatomy of plants of this time period.

The material was collected during the 1985-1986 field season
from a col north of Fremouw Peak (84°16'S 164'21'E, Buckley
Island Quadrangle) and occurs as blocks of allochthonous peat
in the upper Fremouw Formation. This early/middle Triassic

site has yielded a diverse array of well-preserved plant organs
including several reproductive structures.

One of the most interesting gymnospermous reproductive
organs is a cupule-like structure containing several seeds (fig-
ure 1). In transverse section the seed-bearing unit is oval mea-

Figure 1. Section of gymnospermous reproductive organ containing
three seeds showing nature of enclosing laminar unit. (x 31.25)
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suring approximately 1.5 x 2.5 centimeters. At the proximal
end, the structure is cylindrical and appears to surround the
ovules completely. Distally, the unit appears to be open along
one side and is laminar in organization. Histologically, the base
of the laminar unit is constructed of two cell types; along the
inner surface are small thick-walled cells that grade into larger
cells with thinner walls near the periphery. A single vascular
strand enters the base of the organ and repeatedly divides to
vascularize the ovules.

The number of ovules ranges from two to five per unit, with
each ovule attached to the inner surface by a reduced stalk.
Ovules measure approximately 1.0 millimeter long and 0.8 mil-
limeter at the widest point. In some specimens it appears that
the ovules are attached at different levels to the surface of the
organ, while other sections suggest they were borne in a single
row. In transverse section, the ovules are triangular in outline
with the integument thickened in the angles (figure 2). One of
the unusual features of the integument is its parenchymatous
organization, consisting of ovoid cells that appear to be ran-
domly oriented. At the base of each seed is a large cluster of
vascular elements with annular-scalariform secondary wall
thickenings. Tissue preservation is poor at the distal end of the
seed, but it appears that a simple pollen chamber was present.
Within the confines of the seed coat is a delicate nucellus, and
occasional contents that we interpret as remnants of the mega-
spore.

While still incompletely known, the organization of this seed-
bearing unit is nevertheless highly significant. During the Car-
boniferous there were at least four distinct groups of plants
possessing fern-like foliage that reproduced by means of seeds.
Many of these seed ferns are well known anatomically, and
features about their reproductive biology have added signifi-

Figure 2. Transverse section of seed showing thickened areas of
integument and histology of seed coat. (x 50)

cantly to our understanding of seed-plant evolution. In con-
trast, the seed ferns of the Mesozoic, while equally diverse and
perhaps more widespread, are known almost exclusively from
impressions and compressions in which internal tissue systems
are rarely preserved. Moreover, these preservation types make
it particularly difficult to interpret the relationship of plant
organs to each other in three dimensions. Information of this
type is critical in understanding the origin and evolution of the
seed ferns.

One of the more perplexing problems in paleobotany centers
around the origin and possible ancestor of the flowering plants.
At one time or another every major group of Mesozoic seed
plants was considered to be ancestral to the angiosperms. In
recent years, the Mesozoic seed ferns have received the most
attention in this respect, principally because each of the major
orders possesses ovule-bearing parts that demonstrate degrees
of seed enclosure. The enclosed versus unprotected nature of
the ovules has persisted as one of the fundamental mor-
phological differences between angiosperms and gym-
nosperms. The discovery of the Caytoniales by Thomas (1925)
and more recent analysis of the glossopterids by Retallack and
Dilcher (1981) suggest these groups as potential angiosperm
precursors based to a large degree on the nature of the ovule-
bearing parts and their position as possible morphological ho-
mologues with angiosperm carpels. More recently, zavada and
Taylor (1986) have suggested that seed enclosure was a common
trend during the Mesozoic and was the first step in intercalating
sterile tissue between pollen and ovule, thus providing a possi-
ble substrate for incompatibility reactions.

The antarctic Triassic plant material described in this account
represents the first example of a structurally preserved ovule-
bearing organ attributable to the Mesozoic seed ferns. As such it
offers the first opportunity to elucidate fully the relationship of
the ovules to the structure that bore them, so that details about
the reproductive biology can be determined. We are still some
distance from understanding the parent plant that produced
this interesting ovule-bearing organ and how it might relate to
other members of the flora, which is dominated by foliage of the
Dicroidium type. Nevertheless, the unusual morphology of this
organ coupled with its excellent anatomical preservation offers a
rare opportunity to detail Mesozoic seed plants at a time that
many believe is critical in understanding the origin of the
angiosperms.
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References

Retallack, C., and D.L. Dilcher. 1981. Arguments for a glossopterid
ancestry of angiosperms. Paleobiology, 7, 54-67.

Thomas, H.H. 1925. The Caytoniales, a new group of angiospermous
plants from the Jurassic rocks of Yorkshire. Philosophical Transactions of
the Royal Society of London. 21313, 299-363.

Zavada, M.S., and T.N. Taylor. 1986. The role of self incompatibility as a
mate choice mechanism in the gymnosperm-angiosperm transition:
A hypothesis. American Naturalist, 128, 538-550.

30	 ANTARCTIC JOURNAL




