Septal Pores in Prototaxites, an Enigmatic Devonian Plant

Abstract. Prototaxites southworthii, an Upper Devonian, nonvascular plant of un-
known affinity that is commonly ascribed to the brown algae, has filaments with septal
pores. These superficially resemble various pores and pit connections of the higher algae
and fungi and suggest that very elaborate cell wall structure had evolved by Devonian

times.

The affinities, habit, and habitat of Pro-
totaxites, a Silurian-Devonian genus that
was described from Gaspé, Canada, by
Dawson in 1859 (/) and named because of
a fancied resemblance to the tracheids of
the modern yew (Taxus), has been the ob-
ject of considerable discussion and specu-
lation. Since Carruthers’ work in 1872 (2),
any affinity of Prototaxites with the con-
ifers or other vascular plant groups has
generally been disclaimed (3). The genus is
commonly classified with the algae (2, 4,
5), usually, and more specifically, in or
with the Laminariales and Fucales of the
brown algae (5, /1). Resemblances have
also been noted between Prototaxites and
the Siphonales (especially Codiaceae) of
the green algae (2, 11). Other workers be-
lieve that Prototaxites cannot justifiably be
assigned to any group of recent seaweeds,
and thus classify the plant in the Nema-
tophytales described by Lang (6-8, 10, 11)

Figs. 1 to 6. Transections of Prototaxites southworthii.
are transmission electron microscope images (scale bars, 2 um).
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or the Algomycetes described by Kriusel
(12), groups that occupy an undetermined
position in the plant kingdom. Finally, a
fungal (/3) or bryophytic (/4) nature for
Prototaxites has not escaped the imagina-
tion of botantists. Conversely to this furor,
some researchers have not entered the sys-
tematic fray (I15).

Closely correlated with the problem of
taxonomic affinity of Prototaxites is that
of habit and habitat, whether marine (ben-
thic or littoral), brackish, freshwater, or
even terrestrial (/-13). An aquatic and
generally marine habitat has been favored,
usually by the proponents of a brown algal
affinity, but the modern tendency [after
Lang (7)] is to regard Prototaxites as ter-
restrial or, at least, as emergent aquatic.
The plant was a behemoth; some speci-
mens are as much as | m in diameter and
2.1 m long (10). Contributing to the
obscure relationships and nature of Proto-

Fig. 1. Pseudoparenchyma with filaments and large tubes (scale bar is 20 pm).
Fig. 2. Tube with investing filaments.

taxites is a total absence of reproductive
structures and laminar and attachment
organs (I-15).

Arnold (/0) described in detail some ex-
ceptionally well-preserved, silicified mate-
rial of Prototaxites southworthii from
Kettle Point, Ontario, Canada. I examined
the same material with the use of transmis-
sion electron microscopy and chemistry
(16, 17) in an attempt to elucidate the rela-
tions and structure of the genus. The de-
scription below modifies and elaborates
Arnold’s (10) detailed study (/8).

Prototaxites is a large, lacunose, pseu-
doparenchymatous mass that consists of
two main types of elements: so-called
hyphae or filaments (/9), and so-called
tubes (Fig. 1). The tubes (Figs. | and 2) are
the large elements and are 19 to 50 um in
diameter, extend indefinitely, generally in a
lengthwise direction, branch occasionally,
and constitute as much as 50 percent of the
bulk of the tissue. The walls of the tubes
are thick and striate; the electron-opaque
components of the wall anastomose (Fig.
2).

The filaments (or hyphae) (Figs. | to 6)
constitute the small elements and are 4.75
to 9.50 um in diameter, extend generally
lengthwise, branch profusely, and inter-

Figs.2t0 6
Figs. 3 to 6. Septal pores of filaments; Fig.
3 is of the septum in the area next to the pore; Figs. 4 and 5 are of same septal pore apparatus, Fig. 5 through aperture, Fig. 4 close to it; Fig. 6 is through
another aperture.
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twine with each other. A hyphal sheath,
generally one cell layer thick, usually com-
pletely invests the tubes (Figs. 1 and 2).
The filaments have cross walls (septa)
that are often far apart (121 um in one
case), such that the filaments appear to be
coenocytic. The septa are complexly per-
forate (Figs. 3 to 6). An apparently ellipti-
cal aperture (Figs. 5 and 6) occurs in a bor-
der that encloses a cavity (Figs. 4 to 6; Fig.
4 is a section close to the aperture). The
septal pores superficially resemble the cir-
cular bordered pits of conifers, without the
pit membrane and torus of the latter. De-
spite the numerous reports of septate
hyphae or filaments in fossil algae and
fungi (20), including such complicated
structures as fungal clamp connections
(21), there are to my knowledge no pre-
vious reports of the occurrence of per-
forate septa in extinct plants.

Various types of pores and pit con-
nections occur in the septa of the extant
red algae (22, 23) and the higher fungi (22,
24, 25), but these structures are sufficiently
different from the septal pores of Prototax-
ites to obviate any close relationship be-
tween these taxa. The perforate septa of
Prototaxites, however, do show a closer re-
semblance to the dolipore septa of many
Basidiomycetes (22, 24) or the similar sep-
ta of certain Mucorales (25) than to those
of other modern groups. Prototaxites lacks
both septal plugs, which are characteristic
of the red algae and some fungi (22), and
septal pore caps (parenthesomes), which
are distinctive of many Basidiomycetes
(22, 24).

The septal pores of Prototaxites might
represent an ‘‘evolutionary experiment,”
perhaps leading toward the type of septal
structure that is characteristic of the more
specialized algae and fungi. Alternatively,
one should not dismiss the possibility of
convergent evolution of pitlike systems
that are comparable to those of the tra-
cheary elements of vascular plants, espe-
cially since other members of the Nema-
tophytales (Nematothallus and Nemato-
plexus) (7, 8) have spirally or annularly
thickened tubes that simulate the water-
conducting elements of the higher plants
(26). The Silurian and Devonian are now
known to have been very active periods of
evolution for multifarious plant groups
and structures (26, 27).

The large tubes of Prototaxites (Fig. 2)
have no counterparts in the plant kingdom.
Any resemblance to sieve-filament ele-
ments, trumpet hyphae (filaments), muci-
lage canals, and thick-walled hyphae of the
brown algae, particularly the seaweeds
Laminariales and Fucales, is strictly super-
ficial (28).

Prototaxites remains a taxonomic and
structural enigma. Indeed, mycologists
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who have seen my portfolio of transmis-
sion electron micrographs have denied any
relation of Prototaxites to the fungi,
whereas phycologists have similarly ex-
cluded the algae. I believe that the concept
of Nematophytales (7) as a bizarre group
of uncertain relationship seems best sup-
ported. The complex ultrastructure of not
only the walls of the large tubes of Proto-
taxites, but also of the perforate septa of
the filaments suggests that in the non-
vascular plants, as in the vascular plants
(16), very elaborate cell wall structure had
evolved by Devonian times.
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Premature Specification of the Retina

in Embryonic Xenopus Eyes Treated with Ionophore X537A

Abstract. Eyes excised from Xenopus embryos at stages 24 to 25 were cultured for 4 to
6 hours in a medium containing the ionophore X537A4 or in a control medium. The eyes
were implanted either upside down or normally in host embryos at stages 28 to 30, and
their retinotectal projections were mapped after metamorphosis. Treatment with X537 A4
prevented realignment of retinal axes in eyes implanted into hosts that were capable of
producing retinal axial alignment in all control eyes.

During development, the ganglion cells
of the retina project their axons into the
brain to form an orderly pattern of con-
nections in the midbrain tectum. The spa-
tial order of the ganglion cells in the an-
teroposterior (AP) and dorsoventral (DV)

axes of the retina is duplicated in the order
of axon terminals in the AP and DV axes
of the tectum. Although the way this hap-
pens is largely unknown, the polarity of the
projection in the AP and DV retinal axes is
determined (specified) in the early em-
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