EPIDERMAL
EPITHELIC-MUSCULAR

GLAND CNDOBLAST
Fig. 3. Diagrammatic representation of

the various routes by which interstitial
cells might be formed from gastrodermal
cells.

the mass which had not voided their
algae. This process of algal voiding
by digestive cells could be observed in
the living masses of the tissue by ex-
amining them under the compound
microscope at a magnification of 160.

Noticeable changes had also occurred
in gland and mucous cells by this time.
Their cytoplasm was more basophilic
than usual, and gland cells located at
the periphery of the mass had appar-
ently voided their internal secretions to
the surrounding medium. This would
account for the highly basophilic na-
ture of the cells, since the area sur-
rounding their nuclei contained a con-
siderable amount of RNA. However
the RNA of the dedifferentiated gland
cell was not necessarily similar to that
of the interstitial cell.

No cnidoblasts were present in any
of the preparations at this time. A well
formed metachromatic border was ob-
served around the periphery of the
mass, probably representing the secre-
tion of mucous cells, and the digestive
cells in the periphery were more baso-
philic than those in normal animals.

After 8 hours, cells morphologically
identical to interstitial cells were pres-
ent in the peripheral border. After 12
hours, the number of small basophilic
cells had greatly increased, but no mi-
toses could be found in the prepara-
tions. The gastrodermal digestive cells
had become clearer due to the voiding
of their algal bodies. No cnidoblasts
were present at this stage.

After 24 hours, the number of small
basophilic cells had decreased, but large
numbers of cnidoblasts had formed. In

13 DECEMBER 1963

each animal, about 24 cnidoblasts con-
tained fully formed nematocysts, many
of which discharged upon contact with
the fixative. Other cells were in various
stages of transition from interstitial
cells to cnidoblasts. Polarity may have
been already determined at this stage,

since half the tissue mass (presumably

the distal portion of the animal) was
rich in cnidoblasts and interstitial cells,
while the other half (the future pedun-
cle and basal disc) was virtually devoid
of these cells. The epidermis had
formed and was almost free of algae
(Fig. 2). In the few animals that were
examined after 48 hours, the cells at
the periphery of the mass had begun
the mucous secretion typical of epider-
mal cells and were completely free of
algae.

We also studied 25 fragments of epi-
dermis, which were treated and incu-
bated in the same way as the gastro-
dermis. The fragments all rounded up
into small balls within several hours of
isolation and remained in this form
until they disintegrated 48 to 72 hours
later. Prior to disintegrating, they
showed no signs of differentiating into
gastrodermal elements.

Our results thus show that epider-
mal, epitheliomuscular cells can arise
directly from gastrodermal cells which
lose their enclosed algae and food
droplets and begin mucous secretion.
Interstitial cells appearing in the mass
do not arise from pre-existing intersti-
tial cells, but from digestive cells, gland
cells, or mucous cells which void their
internal secretions. Therefore, the in-
terstitial cells do not represent a “modu-
lated” (6) form of a gastrodermal cell,
since they are capable of differentiating
into cnidoblasts containing mature
nematocysts; neither do they represent
a persistent embryonic stock which is
maintained solely by the division of
interstitial cells. Evidently, certain spe-
cialized cells in the hydra are not “end
points” of development but can acquire
new potency if properly stimulated (7).

Since this paper was accepted for
publication, we succeeded in obtaining
regeneration from gastrodermal frag-
ments which contained only digestive
cells and gland cells. Therefore, the
mucous cells are not required for the
formation of any epidermal cell type.

JuLiaAN HAYNES
ALLISON L. BURNETT
Department of Biology, Developmental
Biology Center, Western Reserve
University, Cleveland 6, Ohio
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A Remarkably Reduced Vascular
Plant in the United States

Abstract. A clone-forming thallus
lacking sex organs and propagating by
gemmae occurs on rocks and tree
trunks in the Appalachian region from
Georgia to Virginia, Ohio, and Ken-
tucky. Although bryophytic in appear-
ance, the thallus is identified here for
the first time as a greatly reduced
variety of the vascular plant known as
“shoestring fern,” Vittaria lineata (L.)
J. E. Smith, or a closely related species.
The normally dominant sporophytic
phase of the life cycle has been elimi-
nated and the plant exists only as a
vegetative prothallus.

Evolutionary reduction—the abbre-
viation or loss of organs and organ
systems—has long been familiar to stu-
dents of vascular plant morphology and
phylogeny. The example to be re-
ported here, however, is so extreme
that the plant concerned, even though
widespread and locally abundant in
many localities in the Appalachian re-
gion, has been neglected in catalogues
of the vascular floras of the majority
of states where it occurs, with but rare
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exceptions (7). Those field observa-
tions which have been made come al-
- most exclusively, in fact, from bry-
ologists.

The sterile thallose plants are made
up of delicate, pale-green, ribbon-like
branches, about 0.5 to 2.0 mm wide,
and 1.0 to 10.0 mm long. They form
overlapping masses of varying thick-
ness and breadth in quartzitic or sand-
stone rocks, or on the bark of trees.
Originally recognized as a probable
fern gametophyte (2), the thallus has
been little if at all noticed by tracheo-
phyte botanists. The reproduction of
the plant is entirely apomictic by means
of narrowly spindle-shaped gemmae
or brood bodies borne along the mar-
gins of the thallus. No gametangia have
ever been found, either in nature or in
cultures. The gemmae are presumably
carried by the wind or animals or
both to the appropriate shaded niches

where they germinate and maintain -

the plant over a geographical range
that extends from localities in Georgia,
South and North Carolina to as far
as Tennessee, Kentucky, Ohio, and Vir-
ginia. Thought first to be the possible
gametophyte of the filmy-fern genus
Hymenophyllum (1), it has recently
been compared (3) with materials of
the prothallus of Vittaria lineata (L.)
J. Sm. from Dade and Sumter Counties,
Florida. There is agreement in all
respects, except for the absence of
gametangia and young sporophytes in
the Appalachian gametophyte.

The determination of the taxonomic
relationship of the plant in question
rests upon the following comparisons.
Its habitat is shaded rocks and tree
trunks. The sporophytes of Vittaria
lineata are well known on trunks of
trees in Florida, and they have been
reported on quartzitic rock crevices as
far north as Lincoln County, Georgia
(4). The plant body is a noncordate,
branching, ribbon-like thallus, and one
cell in thickness. The cell shapes and
the thallus outline are appparently in-
distinguishable from those of the game-
tophyte of V. lineata, as observed in the
living materials from Florida, and as
described by earlier authors (5). It
occurs in populations comprising mats
10 to 100 cm across of intertwined
thalli. The extensive sterile mats of pro-
thalli are well known in V. lineata in
various regions of Florida and the
Caribbean (5). The rhizoids are delicate,
simple, colorless hairs, arising from su-
perficial cells. The rhizoids of Hymeno-
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phyllum differ from those of Vittaria
in having heavy brown walls, in their
tendency to branch, and in originating
from marginal cells. The gemmae are
narrow, spindle-shaped filaments com-
posed of four to ten cells, with greatly
reduced terminal cells, the latter with
fewer or no chloroplasts. In the filmy-
fern Hymenophyllum, prothallial gem-
mae are recorded for only a minority
of the known gametophytes, and these
are sharply different in morphology,
being oval, two to four or more cells
wide, and composed, when mature, of
20 to 40 cells (6). The sterigmata
are made up of marginal and sub-
marginal cells, spherical or ovoid in
form, lacking chloroplasts usually, and
they show one or more darkly colored
abscission layers. These cells, which
produce the gemmae, differ in several
respects from the gemmiferous struc-
tures known in other fern families (for
example, Hymenophyllaceae). Stem
scales of the sporophytes have second-
ary, dark, wall thickenings; the leaves
are spatulate to linear. Although no
naturally occurring sporophytes have
ever been found attached to the
Appalachian gametophyte, abnormal
apogamous buds arising after 2 years
in artificial cultures of this. plant (7)
revealed scales with heavy brown walls
and, rarely, narrow simple leaves.
“Clathrate” scales or paleae (scales
with dark secondary wall thickenings)
are characteristic of Vittariaceae, but
are unknown in the Hymenophyllaceae,
in which the trichomes are only uni-
seriate hairs.

That the widespread Appalachian
gametophyte is probably a prothallus
of Vittaria lineata is not necessarily
surprising. The gametophyte in either
the sexual or asexual condition has ap-
parently been observed by botanists in
the Caribbean region since as early as
1741 when Dillenius first described it
(in Historia muscorum) as “Lichenoides
gelatinosus tenue reticulatum™; the plant
later designated as “Riccia reticulata
Swartz 1798” is evidently the same (5).
It seems to be an established fact that
the gametophytes of Vittaria can main-
tain themselves independently even in
the tropical and subtropical regions
where the sporophytes abound.

The species relationships of the Ap-
palachian gametophyte are most likely
with V. lineata, of which, indeed, it is
probably an exceedingly reduced taxo-
nomic variety. This species, the shoe-
string fern of the West Indies and the

warm regions of North and South
America, is by far the most common
and widely distributed of all the New
World members of the genus and fam-
ily. Except for an isolated record of
Vittaria filifolia from Florida, V. lin-
eata is the only species which occurs in
the United States and in close prox-
imity at Graves Mountain, Georgia, to
the geographical area of the sterile
prothallus in question. The latter ex-
tends its range hundreds of miles be-
yond the area of the sporophyte, and
is evidently much more tolerant of
cold winters.

Thus we are dealing with a taxon
(probably a derivative of a still-living
species, or possibly a related plant, now
extinct) which represents a remarkably
reduced vascular plant. So far as has
been determined, the Appalachian
gametophyte has lost its ability to form
gametangia; and the entire sporophyte
generation has been excluded from the
natural biology of the plant. Whether
it proves to be a genetically distinct
geographical variety of Vittaria lineata,
as is most likely, or a separate species
of the same or a closely allied genus,
it seems to hold the current record
for maximal over all reduction among
the vascular plants of the United States.
It should be interesting to discover
whether forms of pteridophytic plants
in other lands have similarly eliminated
the sporophytic phase of the organism,
and exist now only as simple, gemmif-
erous thalli, distributed long distances
beyond the sporophytic members of the
same genus and family (8).
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