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Summary

Woadsia ilvensis has a range of degrees of specialization in perforation plates of vessel elements in roots, but as a whole they
are somewhat more specialized than those of W. scopulina, and much more specialized than those of W. obrusa. Rhizomes of
W. ilvensis have vessel elements with only moderate degrees of specialization in perforation plates. Woodsia ilvensis has lateral
wall perforation plates well defined on root vessel elements, less well defined ones in rhizomes. These expressions also occur
in W. scopulina, whereas W. obtusa lacks lateral wall perforation plates. The more highly specialized perforation plates of
W. ilvensis roots may relate to the more highly seasonal habitats: it occurs in high latitudes and altitudes, and likely experiences
more cold than W. scopulina (from intermediate habitats) and W. obtusa (from less extreme habitats). Lateral wall perforation
plates are, as far as known, unique to ferns. and may related to vessel grouping in steles, and to minimal division of labor among

tracheary elements in vessel-bearing ferns

Introduction

Vessels in ferns prove to be present to a greater extent
than previously reported. Scanning electron microscopy
(SEM) definitively permits on one to establish vessel
presence, because pores or holes in thin primary walls
can be easily seen with SEM but cannot be adequately
resolved with light microscopy. Primary walls are trans-
lucent when studied with light microscopy, even when
stained. Earlier studies on vessels on ferns used clear
differentiation between an end wall and a lateral wall as
a criterion of presence of a perforation plate on the end
wall. The vessels in roots of Marsilea show such mark-
ed differentiation, and thus were discovered with light
microscopy by WHITE (1961) and have been reported by
other authors (LovyarL & SiNnGH 1978). Our joint series
of papers using SEM began with a report of vessels for
Woodsia obtusa (CARLQUIST et al. 1997), in which ves-
sels were thought possibly to be present by WHITE
(1962). Our study of Preridium (CARLQUIST & SCHNEI-
DER 1997a) revealed vessels such as those reported by
Russow (1872) and Briss (1939), but it also demon-
strated vessels minimally different from tracheids, in
which perforations were not clear of wall material, but
contained porose pit membranes. Perforation plates on

lateral walls of vessel elements were also demonstrated
for Pteridium (CARLQUIST & SCHNEIDER 1997 a). Ves-
sels similar to those in Pteridium were demonstrated in
the genera Phlebodium and Polystichum (SCHNEIDER &
CARLQUIST 1997 a) as well as in Astrolepis (CARLQUIST
& SCHNEIDER 1997b). Although we did not see lateral
perforation plates on vessels of Woodsia obtusa, and the
end wall perforation plates in that species contained
porose pit membranes (CARLQUIST et al. 1997), perfora-
tion plates with numerous bars but without pit mem-
brane remnants were observed in root vessels of W. sco-
pulina, as were lateral-wall perforation plates (SCHNEI-
DER & CARLQUIST 1998). In all of the abovementioned
genera, with the possible exception of Pteridium, rhi-
zome vessels were somewhat less specialized (by “spe-
cialized,” a greater differentiation from lateral wall pit-
ting is inferred: more specialized vessels would have
fewer, narrower bars on end-wall perforation plates).
Our selection of fern species likely to have vessels
when studied with SEM has been influenced by the
reports by WHITE (1962) of species likely to have ves-
sels, but in which light microscopy could not establish
vessel presence with certainty. WHITE (1962) rightly
considered that light miscroscopy had demonstrated
vessel presence in Preridium and in Marsilea. Among
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the genera to which wWHITE drew attention is Woodsia,
in which he thought a slight degree of end wall differ-
entiation, possibly indicative of vessels formation,
occurred in roots of seven species, whereas a medium
degree of differentiation occurred in roots of two other
species. A "high" degree of end wall differentiation was
reported by WHITE (1962) for roots of Woodsia ilvensis,
and WHITE presents light photomicrographs of trache-
ary elements that he thinks approach being vessels on
the basis of the methods he used. In no species of Wood-
sia did wHITE find vessel-like tracheary elements pre-
sent in rhizomes. We have been able to demonstrate pre-
sence of vessels in rhizomes of W. ohtusa (CARLQUIST
et al. 1997) and in W. scopulina (SCHNEIDER & CARL-
QuUIST 1998). The high degree of specialization (for
ferns) of tracheary elements of Woodsia suggested by
the illustrations of WHITE (1962) has led usto undertake
an SEM study of xylem in roots and rhizomes of this
species.

In our studies to date on fern tracheary elements, wc
have examined species we thought were likely to have
vessels when studied with SEM. Very likely an appre-
ciable number of ferns will prove to lack vessels entire-
ly, although a present any attempt to suggest the pro-
portion of vessel-less and vessel-bearing ferns would be
entirely speculative. However, the patterns of presence
of vessels in ferns, where present, are becoming clear
because we have observed similar morphological fea
tures in diverse families of ferns. These patterns are un-
like those in monocotyledons and both herbaceous and
woody dicotyledons. In addition, degree of speciaiza-
tion in ferns appears to relate to ecology. Thus far, the
ferns we have examined occur in seasonal climates with
fluctuation in moisture availability. Certainly W. ilven-
sis is distinctive in these respects, because it occurs on
cliffs and talus slopes, subject to drying, in high latitudes
and (within these latitudes) relatively high latitudes
(BROWN 1964), so that it clearly must survive periods
of extreme cold. According to BROWN (1964). W. ilven-
sis ranges from "northern and central Europe, nothern
and central Asia, northern North America, south in the
Appalachian Mountains to western North Carolina."
The specimens cited by BROWN (1964) show that
W.ilvensis is relatively uncommon in southern portions
of itsrange, and in those areas it occurs at higher eleva-
tions. Most collections have been made in Alaska, cen-

tral Canada, the central and northeastern states of the
United States, and in northern Europe. It is commonly
collected in such states as M assachusetts, Michigan, and
Minnesota, and in Scandinavia. Woodsia ilvensis has
been collected on numerous occasions in Green-
land, and there it has been found as far north as 74° 38’
(BROWN 1964). Thus. W. ilvensis isaboreal species, and
as such, offers us opportunities to compare its relatively
extreme ecology with that of other species of Woodsia
and that of other fern genera. Conceding that Woodsia
asawhole occupies habitats that experience greater cold
and drying than do the habitats of most other fern gene-
ra, there is a series within Woodsia with respect to toler-
ance of these factors, and W. ilvensis appears to occupy
the most extreme sites for the genus. Therefore, Wood-
sia is helpful in permitting us to formulate concepts on
the specialization of fern xylem with respect to cold and
drought.

Materials and methods

Our material of M. ilvensis (L.) R. BR. (Dryopteridaceae) was
collected in the following locality: ca 8 km SE of Locke Mills
and 15 km SE of Twichell Pond, on E side of Twichell Pond
Road ca 0.8 km N of junction with Martin Road: Bad BIuff,
ahigh granite bluff in open forest of Pinus, Quercus, andAeer:
locally common with Corydalis sempervirens along exposed
gray granite ledges near top of bluff; 44° 21' N. 70° 40" W..
Oxford County. Maine. U.S.A.: B. Summers. S. L. Holmes,
and C. Dodds 8043 (MO). Fresh material of thiscollection was
shipped to us by George Y atskievych of the Missouri Botani-
cal Garden. Portions were preserved in 50% agueous ethanol.
Selected root and rhizome segments were macerated with Jef-
frey's solution and stored in 50% aqueous ethanol. Macerated
stelar material was spread onto sticky electron-conductive
disks affixed to aluminum stubs, air-dried, sputter-coated, and
examined with a Bausch and Lomb Nanolab SEM.

Xylem was not sectioned because of excessive fracturing in
that process. In an earlier study in which we employed both
maceration and sectioning (Carlquist & Schneider 1997a). we
found no difference between sectioned and macerated mate-
rials in respect to presence or ahsence of pit membranes. We
regard pores in pit membranes as the product of natura lysis
in the living plant if the pores are circular to oval. This con-
formation differs markedly from tearing of pit membranes,
which we believe can be readily recognized. We use the term

Figs. 1-6. SEM photographs of tracheary elements in roots of Woodsia ilvensis. 1—t Tips of vessel elements to show some
characteristic perforation plates. 1. Perforation plates of a narrow vessel element. 2. End wall perforation plate and (bottom)
lateral wall perforation plate. 3. Perforation plate with few hut rather slender bars. 4. Perforation plate with six rather wide bars.
5-6. Lateral walls of vessel elements, showing scalariform pitting 5. Pit membranes striate, pits separated by wide portions of
secondary wall. 6. Pit membranes lightly striate, pits separated by narrow (especially at right) bands of secondary wall material.

Figs. 1-6. bars at upper right = 10 urn.
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