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2004—Perforation p]ates and other vessel details as studied with scanning elec
tron microscopy (SEM) have been reported for four species of Cornaceae (S. I.):
similar features are shown by the four, suggesting that a more extensive sampling
of the family might reveal similar phenomena. Perforation plates contain pit mem
brane remnants in the form of threads or. less commonly, laminar portions per
forated by pores. When least well-represented, the pit membrane remnants are
restricted to lateral ends of perforations and to the perforations transitional to
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lateral wall pitting. Perforations are all clearly bordered. Helical thickenings that

.j.

do not form a continuous gyre are reported for the vessel walls of Aucuba. The
presence of pit membrane remnants in vessel elements of Cornaceae correlates

with the mesic habitats occupied by species in this family. The presence and type
of pit membrane remnanis reported by us in the three genera is very similar,
although pit membrane remnants are doubtless a symplesiomorphy and thus not
an indicator of relationships. The presence of pit membrane remnants in the three
genera, however, does attest to the primitiveness of wood and other features of
Cornaceae st.
Key words: Cornaceae. ecological wood anatomy, Gan’yales. perforation plates.
phvlogeneiic wood anatomy, vessel evolution.

Introduction
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The species studied here belong to Cor
naceae and two families segregated from it
by various authors: Aucubaceae and Gri
seliuiaceae. Ohtani and Ishida (1978) re
ported pit membrane remnants in Japanese
Cornaceae, although these structures were
not reported by Meylan and Butterfield
(1978) in the two New Zealand species of
Griselinia that they studied with SEM.
Whether pit membrane remnants occur
more widely in Cornaceae has not been
hitherto investigated, and the present paper
is a contribution to knowledge of this dis
tribution. Earlier papers on wood anatomy

mostly have not used that technique (see
Gregory, 1994). More recent studies of
wood anatomy of Cornaceae (Li & Chao,
1954; Noshiro & Baas, 1998) were not con
cerned with fine details of perforation plate
structure, although a few SEM photographs
of wood details were offered in the Noshiro
and Baas (1 998) paper. Both Li and Chao
(1954) and Noshiro and Baas (1998) re
viewed the taxonomic problems associated
with traditionaL alliances that include Cor
naceae. Recent molecular data analyzed cia
distically (e.g., Soltis et al., 2000) showed
that Cornales (from which they studied
Cornus) and Garryales (in which they in-
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locatton within pertoration plates are as
pects that have remained unexamined. Be
catise our reports are based on viewing
large areas of nidial sections, we believe we
can address these questions at least in a pre
liminary way. As these aspects of pit mem
brane presence become better known, the
physiological and evolutionary significance
of these structures can be assessed. In ad
dition, studies such as the present one pro
vide a basis for selection of species for ex
perimental work on pit membrane rem
nants. The way in which these form and the
conditions under which they persist need to
he elucidated. Cornaceae (sI.) are a woody
family ideal as subjects for examining such
questions, since they grow in a range of
habitats from frost-free to markedly tem
perate, and thus the relationship between
nature of perforation plates and formation
of ice within the conductive system could
be examined. Because Cornaceae character
istically occupy moist habitats, the effect of
drought on the conductive stream should
not be a complicating facior.
Although our sampling of Cornaceae and
allied families is small, the fact that all three
genera examined do possess pit membrane
remnants is of potential significance in res
olution of familial definitions and relation
ships in this complex (for information on
various phylogenetic tieatments, see Gold
berg, 1986; Noshiro & Baas, 1998; Thorne,
2000).
Materials and Methods
Samples of stems wei’e taken from living
plants cultivated in Washington Park Arbo
retum, Seattle (Ai,cuba japonica Thunb.#2 1576-A, Cornus stolonsferu Mich. #638-41.
Griselinia litroralis Raoul) and Santa Barbara
Botanic Garden (Cornus glabrara Benth.. #
75-147). The stems used were between three
and five years old, and thus a mature wood
pattern is represented. No observations are
based on vessel elements that might be im
mature by virtue of being near the cambium.
Stem segments were cut into portions
suitable for sectioning and fixed in 50%

able tor that procedure. Only radial sections
were prepared; thick sections (>30 pm
were employed because of ease of handling
and the chance that in thick sections. larger
portions of perforation plates would be in
tact. The sections were dried between clean
slides, mounted on aluminum stubs, sputtercoated with gold, and examined with a Hi
tachi S2600N scanning electron micro
scope.
Descriptions of species are arranged in
alphabetical order. The pit membranes fig
ured are believed to represent natural ap
pearances, such as would be present in the
living plant (see Schneider & Cariquist.
2003. for a discussion of identification of
artifacts). There are obvious artifacts (e.g.,
the transverse tear in pit membrane of the
top perforation. Fig. 2AL but other than
such clear structural disruptions. the pit
membranes represented are considered re
liable representations. Prolonged exposure
to the electron beam, especially at acceler
ating voltages above 20 kv. can result in
tearing, and therefore we have adjusted
voltage strength and exposure carefully so
as to avoid any such artifact formation. We
would point, as one evidence of the validity
of our observations, to the fact that entirely
intact and pore-free pit membranes occur in
lateral wall pits of vessels, forming a kind
of control to what is observed in perforation
plates. For additional criteria for separation
of artifacts from valid pit membrane rem
nants, see Carlquist and Schneider (2001).
The steps in formation of pit membrane
remnants in vessels would be worthy of
study, but at present, no literature on this
exists to the best of our knowledge.
Results
Aucubajaponica (Fig. I). More than half
of the perforation plates examined lack ap
preciable pit membrane remnants. The re
mainder range from perforation plates in
which pit membrane remnants are abundant
(Fig. IA) to present only at lateral ends of
the perforations (Fig. IC). The appearance
of these remnants is mostly intermediate
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branes to form fine reticulate wchs in lateral
ends of perforations is illustrated. The wide
borders of the perforations (Fig. IC) are
similar in tone to the pit membrane rem
nants. and therefore the patterns formed by
the remnants are clearest in areas overlying
the inner pit aperture of the vessel. Vessel
wall areas that are free from pits tend to
show widely spaced, shallow thickenings
(Fig. ID). These thickenings are transverse
and not helical in the sense of forming a
continuous gyre. but they would fall under
the phenomenon of “helical thickenings”
in the all-inclusive sense of the term as used
by most comparative wood anatomists. He
lical thickenings have been reported for
Cornaceae previously in Corokia (Patel.
1973) but not, apparently, in Aucuba.
Comes glabrata (Fig. 2). The majority
of the perforations contain few or no pit
membrane remnants. Perhaps 10% of the
perforation plates have pit membrane rem
nants present throughout the perforations
(e.g.. Fig 28). Pit membrane remnants are
chiefly confined to ends of perforations
(Fig. 2A, C). In Figure 2A, a relatively un
common expression is shown: pit mem
branes present in laminar form perforated
by pores of various sizes. The most com
mon form taken by the pit membrane rem
nants is intermediate between threads and
flakes, with a decided tendency for the
threads to be oriented parallel to the long
‘axis of the vessel (Fig. 2B—D). Where pres
ent, pit mebrane remnants are always more
abundant in the lateral ends of the perfo
rations rather than in the central portions
(Fig. 2B—D). In Comes glabrata. as in oth
er Cornaceae, there is a sharp transition be
tween lateral wall pitting and perforations.
Pits of lateral walls have intact membranes
that do not contain any pores (Fig. 2C. ex
treme left Fig. 2D, extreme left). The first
perforation adjacent to lateral wall pitting
contains somewhat more abundant pit
membrane remnants than do perforations in
the main part of the perforation plate. This
phenomenon is well illustrated in Figure
2D. where the lateral wall pit (left) contains
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brane remnants. In the instance of the per
foration in Figure 2D. center. the central
portion of the perforation contains a retic
ulum of threadlike remnants., whereas the
lateral ends (Fig. 2D, center, extreme top
and bottom) have laminar membranes per
forated by small pores.
Cornus stolontjèra (Fig. 3). The features
illustrated are similar to those of C. glabra
to, but with somewhat different texture in
the pit membrane remnants. Pits transitional
between the lateral wall pining and the per
foration plate of vessel elements are shown
in Figure 3A—B. left. In Figure 3D, the en
tire transition from lateral wall pit with in
tact membrane (left) to perforation with no
perceptible pit membrane remnants in the
central portion is shown. The perforation to
the left of the one at far right in Figure 3D
does show, bottom, a pit membrane rem
nant at the lateral end, reinforcing what is
a typical pattern for the family. One can see
a similar instance in Figure 3B. above right.
iti the form of a few threads. Threadlike pit
membrane remnants in lateral ends of per
forations are illustrated in Figure 3C, left.
The similarity of the transitional pit in Fig
ure 3A to the transitional pit in Figure 3D
is striking: in both cases, the perforated por
tion is more abundant on one side (left in
Fig. 3A. right in Fig. 3D).
Griselinia littorali.s (Fig. 4) shows pit
membrane features very similar to those of
Corn us. Pit membrane remnants are chiefly
threadlike and confined to the lateral ends
of perforations (Fig. 4A), although more
than half of the perforation plates examined
do not show perceptible pit membrane rem
nants. A degree of intermediacy between
laminar pit membrane and pit membrane in
the form of slender threads may he seen in
Figure 4A—C. The pit membrane of Figure
4D. laminar but perforated by small pores.
is unusual, and others like it were not ob
served in our material. The three pits/per
forations of Figure 4B show the transition
region from lateral wall pitting (top) to per
foration plate (bottom), and illustrate the
difficulty in defining the terms “pit” and
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FIG. 2.
Cantos glabrata. Portions of perforation plates from radia] sections of wood. A. Ends of perforations,
to show laminar pit membrane remnants perforated by pores; tear in top membrane is an artifact. B. Several
nerforations to show remnants which form similar threadlike and flaL-elHcp rnnfnrmqtn,,e U fl
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FIG. 3. Comas sroloinfercz. Portions of perforation plates from radial secnons of wood. A. Perforation in
zone intermediate between ateral II pitting and perforation plate, to show porose piE membrane. B. Two
perforations. one at left (nearer to lateral wall pits, which are not shown) contains more abundant pit membrane
remnants. C. Several adjacent perforations, each with threadlike membrane remnants at lateral ends of perfo
rations. Ii Transition between lateral wall pitting (extreme left) and perforation plate (remainder of photograph).
Scale bars: A

2 lim: B—D

=

5 tim.

2004]

SCHNEIDER & CARLQUJST CORNALES (ANATOMY)

281

I 1 1!

A

I
C
1r.d

fl-;n,;-n,,-..,;.

P.-.c

c.$,,,,-A

A

[cliii
Mat itiulcates Intermeuiacy between
the two categories. Certainly the perforation
at the bottom in Figure 4B shows the re

striction of threadlike pit membrane rem
nants to lateral ends of perforations, typical
in perforation plates of Cornaceae (sI.) that
retain pit membranes in perforations. The
apparent shrinkage of a pit membrane rem
nant to one side of the perforation. show-n
in Figure 4B. center, and Figure 4C, appeals
to us as probably an artifact. However, we
have no way of knowing whether such de
formation occurs in the xylem of a living
plant or is the result of the drying required
for examination of sections with SEM.

Conclusions
Our sampLing of Cornaceae (Si.) is ad
mittedly very small, and was influenced by
the desire to find whether pit membrane
remnants could be found in several genera
of the family as broadly defined. We there
fore selected species with more numerous
bars per perforation plate. In the cornalean
alliance, some species have few bars, some
none, and species with few or no bars
would, in our experience, probably lack pit
membrane

remnants.

Pit

membrane rem

nants have been found in only a few genera
with relatively few bars per perforation
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plate (e.g., Bruniaceae & Sarraceniaceae;
Carquist, 1992).
Despite the small sampling, the similarity
of the three genera with respect to types and
distribution of pit membrane remnants is
considerable. This similarity is not neces
sarily indicative of close relationship, how
ever.
More significantly, though, the patterns
reported here are not unique, but occur in
families and orders in which pit membrane
remnants are relatively vestigial. The simi
larity to occurrence of pit membrane rem
nants in Ericaceae (Carlquist & Schneider,
in press), a family that has not been pro
posed to be related to the cornalean families
in any phylogenetic scheme, is striking. In
both Cornaceae s.l. and Ericaceae si., pit
membrane remnants are present in fewer

tne remnants are mostly confined to lateral
ends of the perforation plates. An exception
occurs in the transitional zone between lat
eral wall pitting and the perforation plate.
In this area, one or two pits (perforations)
contain more extensive pit membranes, but
the pit membranes are abundantly perforat
ed or threadlike. The occurrence of such a
transitional pit/perforation shows chat at
least in families with pit membrane rem
nants of this sort, designating any particular
structure as a pit or a perforation may be
difficult.
The vestigial nature of the pit membrane
remnants suggests possible correlations
with the conductive stream. If the remnants
are considered an impedance to the con
ductive stream, the remnants present in the
Cornaceae studied represent a minimal in
terruption to that stream. Remnants occur
in fewer than half of the perforation plates.
In the perforation plates where they are
present, most perforations contain remnants
only at lateral ends of the perforations, and
most of the length and width of the perfo
rations are free from the remnants. One or
two perforations intermediate between true
perforations and lateral wall pits occur in
the transition between lateral wall pitting
and perforations. These constitute only a
minor impedence to conduction and, in
deed, if they were viewed as modifications
of pits rather than of perforations, would
represent an enhancement of conduction.
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