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S E M STUDIES ON VESSELS IN FERNS. 2 . PTERIDIUM1 
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Xylem from roots and rhizomes of two infraspecific taxa of Ptehdium aquilinum was studied by means of scanning 
electron microscopy (SEM). All tracheary elements proved to be vessels. End wall perforation plates were all scalariform. 
lacked pit membrane remnants in at least the central part of the perforation plate, and varied with respect to width of bars, 
from wide to tenuous, and with respect lo presence of pit membrane remnants. In addition, porose pit membranes on walls 
that are likely all lateral vessel-to-vessel walls must be considered to be perforations also, although different from those on 
end walls. Lateral wall perforation plates, hypothesized by one worker on the basis of tylosis presence but denied by another 
on the basis of light microscopy, were confirmed by demonstration of pores with SEM. In addition, lateral walls of Pieritlium 
vessels hear some grooves interconnecting pit apertures, this feature is newly figured by SEM for ferns. Lateral wall pitting 
that is not porose may either have striate thickenings of the primary wall or be smooth. Vessel presence and degree of 
specialization in Pteridium vessels may bear a relationship to the wide ecological tolerances of the genus. 
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By means of SEM studies of primary xylem, we have 
been able to see details of perforation plate morphology 
and other aspects of vessel structure not visible with the 
light microscope. Our work began in Nymphaeales 
(Schneider and Carlquist. 1995a. b, 1996a, b. in press a; 
Schneider et al., 1995); the monocotyledon family Acor-
aceae (Carlquist and Schneider. 1997); and ferns (Carl­
quist and Schneider, in press). In the present paper, we 
have turned our attention to the fern genus Pteridium 
(Pteridaceae). Pteridium is the fern in which vessels were 
first claimed to be present (Russow, 1873). As noted by 
White (1962), claims and counterclaims of vessel pres­
ence in various ferns were made by workers such as 
Gwynne-Vaughan (1908). Bancroft (1911), Bliss (1939). 
and Duerden (1940). All of these workers, however, 
agreed that vessels were present in Pteridium. and that 
vessels occur in roots, rhizomes, and petioles. 

In our re-examination of Pteridium, we were interested 
in looking for diversity in perforation plate morphology 
and other vessel features, diversity not reported on the 
basis of light microscope studies. For example, we 
wished to know whether porose pit membrane remnants, 
which are not visible with light microscopy, are present: 
SEM work has shown that pit membranes are present in 
perforations of some primitive dicotyledons (Carlquist. 
1992) and monocotyledons (Carlquist and Schneider, 
1997), whereas other genera lack pit membrane remnants. 
The nature of the perforation plate in Pteridium has been 
reported in diverse ways. Bliss (1939) figured strictly sca­
lariform perforation plates in Pteridium on the basis of 
sectioned material. White (1962), who worked with mac­
erations, illustrated either end walls with bars that incom­
pletely traverse the end wall, or a simple perforation 
plate, for vessels of Pteridium. Presence of lateral per­
foration plates in Pteridium. hypothesized by Gwynne-
Vaughan (1908) because of the extensive presence of ty­
loses, was discounted by Bierhorst (1960), who observed 
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pit membranes with light microscopy. Tyloses in which 
parenchyma protoplasts invade deactivated vessels by 
breaking through pit membranes are not indications of 
lateral wall perforation plates in dicotyledons, and thus 
are not valid evidence of perforation plate presence in 
Pteridium. Use of SEM can demonstrate presence and 
nature of perforations not visible with light microscopy. 

Although some workers recognized several species of 
Pteridium (Copeland, 1947; Pichi-Sermolli, 1959), more 
recent workers have grouped these as a single polymor­
phic species, P. aquilinum (L.) Kuhn, divisible into six 
to eight infraspecific taxa (Christensen, 1938; Tryon. 
1941; Page, 1976, 1990). Study of phenols and flavo-
noids reveals no diversity within P. aquilinum (Cooper-
Driver, 1976), although isozymes (Wolfe. Sheffield, and 
Haufler (1990), chloroplast DNA (Tan and Thomson. 
1990a) and genome size (Tan and Thomson, 1990b) vary 
significantly with taxonomy and biogeography. The pres­
ent study samples two of the infraspecific taxa. P. aquil­
inum var. latiusculum Underw. (eastern North America 
and eastern Asia) and P. aquilinum var. puhescens Un-
derw. (central to western North America), in order to see 
whether plants from diverse geographical sources differ 
in vessel structure as seen with SEM. According to data 
from DNA (Tan and Thomson. 1990a) significant taxo-
nomic and biogeographic differentiation between north­
ern and southern hemisphere populations has occurred. 

MATERIALS AND METHODS 

Material of Pteridium was preserved in 50^ aqueous ethanol. The 
liquid-preserved specimen of P. aquilinum var. latiusculum was avail­
able from the Vernon I. Cheadle Collection through the courtesy of the 
Museum of Systematics and Ecology of the University of California. 
Santa Barbara. The plant of P. aquilinum var. pub* u ens was cultivated 
in the Santa Barbara Botanic Garden. 

Portions of the liquid-preserved specimens were infiltrated with the 
tertiary butyl alcohol series and embedded in paraffin according to the 
usual techniques (Johansen. 1940). Longisections of rhi/omes and roots 
were mounted on aluminum stubs just as they would be on glass slides, 
cleansed of puruffin with xylene, .sputter coated, and examined with a 
Bauscfa and Lomb Nanolab SEM. Longisections of roots and rhizomes 
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