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Summary 

Woodsia 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. obiusa. 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. obiusa lacks lateral wall perforation plates. The more highly specialized perforation plates o\' 
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. obiusa (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 W H I T E (1961) and have been reported by 
other authors (LOYAL & S INGH 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 W H I T E 
(1962). Our study of Ptehdium (CARLQUIST & S C H N E I ­

DER 1997 a) revealed vessels such as those reported by 
Russow (1872) and B u s s (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 Pteridiuni (CARLQUIST & SCHNEIDER 1997 a). Ves­

sels similar to those in Pteridiuni were demonstrated in 
the genera Phlebodium and Polystichum (SCHNEIDER & 
CARLQUIST 1997 a) as well as in Astrolepis (CARLQUIST 

&  SCHNEIDER 1997 b). 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 ( S C H N E I ­
DER & CARLQUIST 1998). In all of the abovementioned 

genera, with the possible exception of Pteridiuni, 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 W H I T E (1962) of species likely to have ves­
sels, but in which light microscopy could not establish 
vessel presence with certainty. W H I T E (1962) rightly 
considered that light miscroscopy had demonstrated 
vessel presence in Pteridiuni and in Marsilea. Among 
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