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Pit membrane remnants in perforation plates of
Hydrangeales with comments on pit membrane remnant
occurrence, physiological significance and phylogenetic
distribution in dicotyledons
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Perforation plates from ten species of seven genera of Hydrangeales sensu Thorne were studied using scanning elec-
tron microscopy (SEM). The presence of pit membranes in perforations ranges from abundant, as in Carpenteria and
Hydrangea, to minimal, as in Deutzia, Escallonia and Philadelphus. Abnormally great pit membrane presence may
result from the presence of secondary compounds that inhibit lysis, as in Quintinia serrata; such interference with
the natural lysis process may or may not be evident from coarseness and irregularity of pit membrane surface and
of threads composing the pit membrane remnants. The presence of pit membrane remnants in perforation plates is
hypothesized to be a symplesiomorphy, found in a fraction of dicotyledons with scalariform perforation plates (but
still in an appreciable number of species). Pit membrane remnant presence may represent incomplete lysis of pri-
mary wall material (cellulose microfibrils) in species that occcupy highly mesic habitats, where such impedance in the
conductive stream does not have an appreciable negative selective value. This physiological interpretation of pit
membrane remnants in perforations is enhanced by the phylogenetic distribution as well as the strongly mesic eco-
logical preferences of species that exemplify this phenomenon in dicotyledens at large. Families with pit membrane
presence in perforations are scattered throughout phylogenetic trees, but they occur most often in basal branches of
major clades (superorders) or as basal branches of orders within the major clades. Further study will doubtless reveal
other families and genera in which this phenomenon occurs, although it is readily detected only with SEM. Phylo-
genetic stages in the disappearance of pit membrane remnants from perforation plates are described, ranging from
intact pit membranes except for presence of pores of various sizes, to presence of membrane remnants only at lateral
ends of perforations and in one or two perforations (arguably pits) at the transition between a perforation plate and
subadjacent lateral wall pitting. Developmental study of the mechanism and timing of lysis of pit membranes in per-
forations, and assessment of the role of the conductive stream in their removal, are needed to enhance present under-
standing of vessel evolution. © 2004 The Linnean Society of London, Botanical Journal of the Linnean Society,
2004, 146, 41-51.
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INTRODUCTION this phenomenon in woody dicotyledons. We have
selected a range of species that show diversity in this
phenomenon. Because this survey has presented con-
giderable data not hitherto available, we are attempt-
ing to interpret the occurrence of pit membrane
remnants in dicotyledons with scalariform perforation
plates in terms of ecology, phylogeny, physiology and

Pit membrane remnants tend to occur in genera and
families with more numerous primitive features (Carl-
quist, 1992). Hydrangeales as defined by Thorne
(2000) form a plexus of families that correspond to
this description, and serve to conclude our survey of

development.
The Hydrangeales of Thorne (2000} and Takhtajan
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Hydrangeaceae by Soltis, Xiang & Hufford (1995) and
Fan & Xiang (2003), or woody families of Saxifragales
(see summaries of treatments by 12 phylogenists in
Goldberg, 1986). Thorne (2000) and Takhtajan (1987)
regard Cornales and Hydrangeales as sister orders of
superorder Cornanae. Although classification of these
families is in flux, and changes are occurring as more
species are included in DNA-based phylogenies, the
definition of Thorne (2000) is used here for conve-
nience. Thome's classification is comprehensive,
because it defines families, the generic contents of
which can be determined from references cited
therein. More recent phylogenies sample only a small
proportion of the genera in a family (Soltis etal,,
2000; Angio8perm Phylogeny Group, 2003) and thus
may not reflect familial placement for any given
genus. The genera covered in the present paper
include some (e.g. Carpenteria, Carpodetus) that have
been treated variously in recent phylogenies. The
present study makes no pretence of clarifying such
classification problems, because data on only a limited
number of vessel features for a limited number of spe-
cies are presented. »

Although further instances of presence of pit mem-
brane remnants in perforation plate remnants will
doubtless be discovered, we believe that those we have
presented are the more conspicuous uncovered to date.
These include Carlquist, 1991, 1992, 1999, 2001a,
2003; Carlquist & Schneider, 2002, in press a, b;
Schneider & Carlquist, 2003a, b, in press b). These
studies, in turn, build on reports in SEM studies of
wood structure from particular regions by Meylan &
Butterfield (1978) and Ohtani & Ishida (1978); these
two studies present excellent illustrations, and their
findings have not been challenged. In the work of Mey-
lan & Butterfield, the presence of pit membrane rem-
nants (which they call 'microfibrillar webs') was not a
central issue; nor was this phenomenon the sole focus
of the study of Ohtani & Ishida, and so this feature
was neglected until the survey offered earlier (Carl-
quist, 1992). We hope workers will be alert to the pos-
sible occurrence of this phenomenon. Separating
genuine occurrences from artefacts is easily done (see
Carlquist, 1990). We hope further data will contribute
to building a picture of early stages in perforation
plate evolution.

MATERIAL AND METHODS

The collections studied are as follows: Carpenteria cal-
ifornica Torn, several collections studied, cult. Santa
Barbara Botanic Garden; Carpodetus serratus J.R. &
G. Forst., cult. University of Auckland, Carlquist 8094
(RSA); Deutzia gracilis Sieb. & Zucc. cv. 'Nikko', cult.
Santa Barbara, California, Carlquist 8193 (SBBG);
Escallonia bifida Link & Otto, cult. Santa Barbara,

California, Carlquist 8195 (SBBG); Escallonia  macra-
ntha Hook. & Am., cult. Santa Barbara, California,
Carlquist 8196 (SBBG); Escallonia sp., accession no.
577-56, cult. Washington Park Arboretum, Seattle,
Washington; Hydrangea macrophylla (Thunb.) Ser. cv
'‘Blue Wave', accession no. 1081-57-C, cult. Washington
Park Arboretum, Seattle, Washington; Hydrangea
paniculata Sieb., cult. Santa Barbara, California, Carl-
quist 8192 (SBBG); Hydrangea quercifolia Bartr., cult.
Santa Barbara, California, Carlquist 8194 (SBG);
Philadel phus purpureo-maculata Lemoine, cult.
Santa Barbara, California, Carlquist 8191 (SBBG);
Quintinia serrata  A. Cunn., W of Auckland, New
Zealand, Braggins s.n.

The specimens of Carpodetus and Quintinia were
preserved by drying. Portions for sections were boiled
in water and stored in 70% aqueous ethanol. Wood
portions of the remaining collections were taken from
living specimens and preserved in 70% aqueous etha-
nol. Radial sections of wood were cut on a sliding
microtome at about 40 pm; no softening of wood sam-
ples prior to sectioning was required. The sections
were dried between clean glass slides, mounted on alu-
minium stubs, sputter-coated with gold, and examined
using a Hitachi S2600N scanning electron microscope
at full rather than partial vacuum. Despite the use of
25 kv accelerating voltage, the resolution and contrast
of our photographs are not ideal. Concave surfaces,
which return fewer electrons than convex surfaces,
present special challenges for SEM, and because the
portions of interest in this study are sunken below the
surface of the wood section, some charging in the form
of bands (Fig. 5) is inevitable.

Artefacts are readily identified in the material.
These take the form of (i) tears or rips and (ii) impreg-
nation of the pit membrane with secondary com-
pounds. The presence of tears and rips is signalled by
irregular outlines (Fig. 6), as opposed to the smooth
outlines of pores or other naturally formed spaces in
the pit membranes of perforations. Rips and tears are
believed to be caused by handling of sections. Impreg-
nation of pit membranes with secondary compounds,
which results in inhibition of lysis and can suggest a
lesser degree of pit membrane dissolution than isto be
expected for a given species, is evident by irregularity
in the surface of a pit membrane or in coarseness of
fibrils or strands within the pit membrane remnant.
Membranes impregnated with secondary compounds
were shown in Chloranthaceae by Carlquist (1990) for
Ascarina  maheshwarii  Swamy and A.  philippinensis
C. B. Robinson. In the present study, these conditions
are illustrated by Carpodetus serratus (Figs 3, 4, 6)
and Quintinia serrata (Figs 29, 30).

Terminology is according to the IAWA Committee on
Nomenclature (1964) and Carlquist (1992, 2001b).
Arrangement of species is alphabetical.
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