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light of ultrastructural knowledge, and the possible functions of porose and
reticulate pit membranes, come into question and are therefore discussed here.

Distribution of porose pit membranes in fern tracheids.—The present study
could have been extended indefinitely to obtain more images of porose or
reticulate pit membranes in fern tracheids, because this feature was observed
in all of the ferns studied. The selection was not biased in favor of particular
habit types or habitat preferences, so there appears no relationship, in rhizome
tracheids at least, between the occurrence of such membranes and plant form
or ecology. Epiphytes, tree ferns, rhizomatous ferns, and rosette ferns were all
represented. Nonporose pit membranes were observed in lateral wall pits of
tracheids or in tracheid-to-parenchyma pits wherever material of xylem was
relatively abundant and we could make comparative observations. Our earlier
SEM studies of macerated tracheids showed that tracheary end walls free of pit
membranes occurred in roots of Astrolepis, Marsilea, Pteridium, and Woodsia.
Discounting reports of vessels in ferns other than these, our work showed
finely porose pit membranes in a surprising number of ferns (Carlquist and
Schneider, 2001). Our present study confirms that porose and reticulate pit
membranes do occur widely in fern tracheids. Our renditions of these delicate
structures seem much more accurate in the present study. Oxidative action of
the macerating fluid in our earlier studies, we believe, did not create the
porous appearances, but its action in removing portions of pit membranes is
now evident. The picture that emerges is that reticulate to porose pit
membranes are characteristic on end walls of fern tracheids. Variations in
these networks occur, and need further exploration.

Defining the vessel element.—In dicotyledons, vessels are defined by having
four features (Carlquist and Schneider, 2002a): (1) there are one or more
perforations (free of pit membranes) on the end wall; (2) the end wall
architecture (perforations) is different from that of the lateral wall (pits); (3)
vessel elements are shorter than the imperforate tracheary elements they
accompany; (4) vessel elements are wider than the imperforate tracheary
elements they accompany. The last two features represent a division of labor
between two conductive cells possible in vascular plants with vascular
cambia, and aside from dicotyledons, only Ephedra and Gnetum possess this
feature. Thus, only the first two criteria are applicable to ferns and
monocotyledons. In ferns, only the genera Astrolepis, Marsilea, Pteridium,
and Woodsia (see Introduction) satisfy the second criterion by having
secondary wall architecture of end walls different from that on lateral walls.
Such distinctive end walls possibly may occur in a few other genera.

The first criterion, presence or absence of pit membranes on the end walls of
tracheary elements, has been judged until the past two decades on the basis of
light microscopy. Light microscopy thus is the source of definitions currently
used in textbooks. When SEM study is used, one does find genuine absence of
pit membranes in end walls (thus perforation plates) of many monocotyledons
and dicotyledons, but in some putatively primitive families of both, pit
membrane remnants do occur (e.g., Carlquist, 1992; Carlquist and Schneider,
2002b, Schneider and Carlquist, 2003). In fact, within the genus Illicium,



