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Perforations of vessel elements characteristically retain remnants of pit membranes (primary wails) in woods of species
of more than 30 families of dicotyledons. Scanning electron microscopy is necessary to demonstrate presence and type of
membrane remnant. Species with these remnants in perforations given in carlier literature as well as those newly reported
here are listed. Perforation membrane remnants may take the form of flakes, strands, or webs, and particular types may
characterize particular families {e.g.. strands or bands in llliciaceae). Some families have abundant perforation membrane
remnants (e.g.. Chloranthaceae, llliciaceae). Where membranes are nearly intact, they are porose and closely resemble the
porose pit membranes on end walls of Terracentron tracheids. In Terracentron, however, tracheary elements are monomorphic,
so vessel origin cannot yel be said to have occurred. Membrane remnants in perforations are regarded as a relictual primitive
feature that should be added to the list of primitive character states claimed for vessel elements in angiosperms; alternative
hypotheses are considered and discussed, and evidence from DNA phylogenies is needed. In vessel-bearing dicotyledons
with membrane remnants in perforations, many perforations are relatively clear, but an appreciable proportion of perforation

plates do have membrane remnants.

Vessel elements are considered to be derived from tra-
cheids phylogenetically (c.g., Bailev, 1944). Once vessels
have originated in a particular phvlad, a progressive di-
vision of labor between vessel elements and imperforate
tracheary elements occurs. Once the phylogenetic diver-
gence between these cell types has begun, any interme-
diacy between them ought to vanish rather rapidly over
time, because intermediate cells would be expected to be
of minimal selective value. In dicotyledons in which ves-
sel origin has occurred but specialization is still at a min-
imal level, one would expect to find more numerous tra-
cheidlike features in vessel elements. Because tracheids
have pit membranes in pits of end walls at maturity,
whereas in vessel elements, membranes in perforations
of the end wall (= perforation plate) undergo lysis at
maturity, a tracheidiike vessel element might be expected
to retain membranes, or portions of them, in the perfo-
rations in the mature vessel element. There have been a
number of reported occurrences of membrane remnants
in perforations (see Systematic Distribution, below). These
occurrences are nearly all in primitive dicotvledons with
scalariform perforation plates in vessels. In order to as-
certain if there is indeed a phyletic pattern in occurrence
of membrane remnants in perforations, | have attempted
to summarize the literature on this topic and 1o explore
dicotyledon woods for additional instances.

Membrane remnants in perforations are potentially in-
teresting in showing the transition between vessel ele-
ments and tracheids. The patterns of occurrence of these
remnants may lead us 1o believe that the transition from
tracheids to vessel elements is not a sharp one, and that
the traditional character of membrane presence vs. ab-
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sence in end walls used to differentiate the two cell types
must be modified. For this reason, pit membranes in end
walls of the tracheids of vesselless dicotyledons (notably
Tetracentron) are compared with membrane remnants in
perforations of vessel-bearing dicotyledons.

Use of scanning electron microscopy (SEM) has per-
mitted not only discovery of pit membrane remnants in
scalariform perforation plates of a number of dicotyle-
dons. but also provided examples of a number of different
modes of occurrence. Some of these remnants have been
called “microfibriliar webs™ (e.g.. Meylan and Butterfield,
1978} because they may occur as a meshwork of strands.
The terms “remnants of partitions’ and “*fibrillar strands”
have also been applied (Ohtani and Ishida, 1978, p. 71).
In calling attention to the possible phyletic significance
of membrane remnants in perforations, I used the terms
“flakelike.” “‘strandlike.” and “*porose membranes that
are nearly intact™ to describe types of membrane remnants
that are not at all weblike in appearance. There are other
instances in which some perforation plates are entirely
clear whereas other nearby perforation plates bear intact
pit membranes: (reissoloma (Fagerlind and Dunbar. 1973)
and Myrothamnus (Carlquist, 1988, Fig. 3.10.4). 1 am
therefore suggesting the term “membrane remnant” to
cover this phenomenon in perforation plates in general,
with other adjectives added to describe the appearance
in a particular case. Description of these diverse types of
membrane remnants is one of the goals of the present
paper. Strands of primary wall material in perforations
should not be confused with strands of secondary wall
material that traverse perforations, forming interconnec-
tions between bars. Examples of this latter phenomenon
have been reported for perforation plates of vessels of
several genera of Myrnisticaceae (Garratt, 1933; Metcalfe
and Chalk., 1950} and Carpenteria of the Hydrangeaceae
(Carlquist, 1961). Both primary wall remnants and strands
of secondary material may occur together in perforations
occasionally, as in Neomyrtus (Meyvlan and Butterfield,
1978). The strands of secondary wall material that cross
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scalariform pits on tracheids of Iepidodendrids (Cichan,
Taylor, and Smoot, 1981) may beasimilar phenomenon.

Data from the literature and from my original obser-
vations show that presence of membrane remnants in
perforations is not a chance occurrence, but is character-
istic of particular species. Because of the potential phy-
logenetic interest, alisting of al instances, reported in the
literature and newly uncovered, is assembled below.

Care must be taken in reporting occurrence of pit mem-
brane remnants in perforations, because examples of
membrane presence that involve artifact formation or
noncharacteristic modes of occurrence can be involved.
For example, in woods ofAscarina (Chloranthaceae), some
vessels contain deposits of yellowish "resinlike" com-
pounds. These deposits appear to inhibit lysis of pit mem-
branes in perforations when they coat the perforation
plate. Attention must also be paid to artifact formation
that results from processing of wood samples; such pro-
cessing, however, in all likelihood merely lessens the
guantity and intactness of membrane remnants, since the
delicate nature of the membrane remnants makes them
vulnerable to destruction; certainly they are not enhanced
by handling.

MATERIALS AND METHODS

In order to present as many instances of membrane
remnants in perforations in dicotyledons as possible, wood
of species of families with scalariform perforation plates
was examined. In most instances, the occurrence of per-
foration plates of a primitive sort, with numerous bars,
was used as a basis for selection. Examination of perfo-
ration plates in face view (in radial sections of woods)
with the light microscope can reveal appearances that are
suggestive of membrane remnant occurrence: granular
dots in the perforations, for example. Many of the woods
with thisappearance under the light microscope do indeed
prove to have characteristic presence of membrane rem-
nants in perforations when viewed with SEM. For the
majority of species, wood samples were not sectioned
especially for this study. Rather, slides from the wood
slide collection accumulated at the Rancho Santa Ana
Botanic Garden were used as a source of sections. The
slides were disassembled by soaking in xylene, with sev-
eral changes of xylene used in order to remove al residues
of the mounting resin from the sections.

Sections derived from disassembly of prepared slides
as well as those especially prepared for the present study
were obtained by sectioning on asliding microtome. Soft-
ening techniques were not employed for these species.
Sections not derived from prepared slides were dried be-

Figs. 1-5.
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tween clean glass slides after sectioning and prior to ex-
amination with SEM. The wood samples used were mostly
available in dried form. These samples were boiled in
water and stored in aqueous 50% ethyl alcohol preparatory
to sectioning. Liquid-preserved wood samples were used
for a few genera (see Acknowledgements).

Terminology follows the usages proposed by the IAWA
Committee on Nomenclature (1964). That terminology
does not cover structures likely to be seen clearly only
with electron microscopy, and like other authors, | offer
simple descriptive phrases or adjectives for such struc-
tures.

RESULTS

The present study focused primarily on species with
long scalariform perforation plates, but did not exclude
species with shorter scalariform perforation plates. Aex-
toxicon punctatum (Aextoxicaceae) has unusually long
scalariform perforation plates (Fig. 1). At lower magni-
fication (Fig. 1), one sees minute irregularities in the per-
forations. At higher magnifications (Figs. 2, 3), these ir-
regularities prove to be kinds of membrane remnants. In
Aextoxicon, these remnants range between flakes (Fig. 2)
and strands (Fig. 3).

In Illicium, sole genus of Illiciaceae, presence of pri-
mary wall remnants in perforations isextensive and quite
varied: none of the species | examined lacked remnants
altogether. In /. cubense there are perforation plates in
which pit membranes in perforations are nearly intact but
porose (Fig. 4). In other perforation plates, bandlike or
strandlike portions of primary walls can be found; these
are porose where remnant strands are wider (Fig. 5). Il-
licium tashiroi (Figs. 6-11) shows awide range in strands
and bands of membrane remnants. In Fig. 6, one can see
that almost half of the area of the perforations is covered
by pit membrane bands or strands. In Fig. 7, one can see
the nature of this pattern clearly: the pit membranes seem
subject to localized lysis. The remnants in the perforation
plate shown in Fig. 8 are more often flakelike, although
a few strands are present. In Fig. 9, on the contrary, the
remnants take the form of slender strands. Where vessel
elements are split away from each other by sectioning so
that one can view the perforation plate of a single cell
without the corresponding half from the cell removed by
sectioning, one can see that the strands in Illicium per-
forations are indeed primary wall portions. The perfo-
ration plate in Fig. 10 isthat of asinglecell at left, whereas
the superimposed perforation plates of both adjacent cells
are present at right. In Fig. 11, one can see portions of
perforations of a single cell viewed from the outside of

SEM photographs of perforation plates from radial sections of wood of Aextoxicon and Illicium. 1-3. Aextoxicon punctatum, Carlquist

7222. 1. Four perforation plates: membrane remnants in perforations inconspicuous at this magnification. Bar = 5 Mm. 2. Perforations showing
flakelike remnants. Bar = 1nm. 3. Strandlike remnants in perforations. Bar = 1Mm. 4, 5. lllicium cubense. SJIRw-16840. 4. Nearly intact porose
membranes in perforations. Bar in Fig. 2. 5. Porose bands and strands in perforations. Bar = 1 Mm.

Figs. 6-11.

SEM photographs of perforation plates from radial sections of lllicium tashiroi. SJIRw-24057. 6. Perforation plate portion with more

than half perforation area covered by membrane remnants. 7. Perforations to show extensive bandlike remnants. 8. Flakelike membrane remnants
in perforations. 9. Delicate strands in perforations. 10. Perforation with wall from one cell shaved away at left, strands and bands evident. 11.
Perforation portions of one cell, viewed from exterior of cell: strands of primary wall material extend from primary wall of bars. Figs. 6, 10, bar

in Fig. 2; Figs. 7, 9, bar in Fig. 3; Fig. 11, bar = 1 Mm.



