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ABSTRACT

Bergia suffruticosa Fenzl provided sufficient lower stem and upper stem material to compare wood
and stem anatomy to those of putatively related families: Clusiaceae (including Hypericaceae), Fran-
keniaceae, Lythraceae, and Haloragaceae. Of these, only Clusiaceae proves close; resemblances to
Bergia include presence of simple perforation plates, presence of tracheids as the imperforate tracheary
element type, presence of vasicentric tracheids and fibriform vessel elements, predominance of uni-
seriate rays with some biseriates, vertical orientation of scalariform vessel-ray pitting, absence of
intraxylary phloem, abundance of brownish compounds in parenchyma cells, and occurrence of druses
and solitary crystals. Other features such as seed anatomy confirm the relationship of Elatinaceae and
Clusiaceae. The presence and nature of vasicentric tracheids in Bergia suffruticosa and Clusiaceae
prompts an examination of this cell type. Vascular tracheids are defined here as: (1) present in latewood
only (except for some genera in which all wood is like latewood); (2) not always present near vessels;
(3) characteristic mostly of drought-deciduous shrubs; (4) about the same length as vessel elements in
any wood in which they occur; (5) with pits like those of the vessel elements; and (6) present in families
so specialized that the imperforate tracheary element type is the libriform fiber (rarely the fiber-
tracheid). Vasicentric tracheids, in contrast, are (1) distributed in earlywood as well as in latewood
and can occur in diffuse porous; (2) always occur near vessels; (3) are wider, somewhat shorter, and
more densely pitted than associated imperforate tracheary elements although they always bear pits
like those of vessels; (4) may be associated with fiber-tracheids (with various types of pitting) or
libriform fibers, depending on the species; and (5) occur in trees or shrubs that may be evergreen or
winter-deciduous, but tend to be unlike the shrubs (predominantly from families in which herbaceous
species are frequent or preponderant) in which vascular tracheids occur. Vascular tracheids as defined
here do not have vestigial perforations; cells with such perforations are regarded as vessel elements
by definition. Fibriform vessel elements (perforate but intermediate in size and shape between tracheids
and wide vessel elements) have been reported in other groups, notably vines, where fibriform vessel
elements may result from vessel dimorphism (lateral enlargement of narrow vessels preempted by the
great widening of a few vessels). Fibriform vessel elements may also occur in some nonvining families,
such as Hydrophyllaceae, however.

Although some data are available on stem
anatomy (mostly primary stem) of Bergia suf-
Sfruticosa (Metcalfe & Chalk, 1950), the nature of
secondary xylem has not been described for this
species, the only species of Elatinaceae that could
be considered at all woody. The material kindly
provided me by Dr. Peter H. Raven included
stems and some small roots. Roots were not large
enough to make study of root wood feasible. No
material of leaves or flowers was provided, and
those structures are therefore not included in the
present study.

Although wood anatomy is often not decisive
in delineating relationships of dicotyledon fam-
ilies, wood anatomy of Bergia suffruticosa proves

unusually valuable in indicating the probabile re-
lationships of Elatinaceae. The affinities of Ela-
tinaceae have been claimed by various authors
to include such families as Clusiaceae (including
Hypericaceae), Frankeniaceae (and the allied
family Tamaricaceae), Lythraceae, and Halora-
gaceae (C. D. Cook in Heywood, 1978). These
four groups are located in four disparate orders,
respectively—Theales, Tamaricales (near Cis-
tales), Myrtales, and Cornales—according to the
system of Thorne (1976). Opinions are not equal-
ly divided on which of these groups is most closely
related to Elatinaceae. A few authors have fa-
vored placement near Frankeniaceae and Tam-
aricaceae (e.g., Wettstein, 1935). Hutchinson
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(1959) claimed affinity of Elatinaceae with Cary-
ophyllaceae. However, more recent phylogenists
opt unanimously for placement of Elatinaceae in
Theales near Clusiaceae (Cronquist. 1981; Dahl-
gren, 1980; Takhtajan, 1980;Thorne, 1976). The
families Clusiaceae and Hypericaceae are very
close and are treated as a single family by most
authors, such as the four just cited. | will follow
that treatment in my discussion, and | will use
the name Clusiaceae for the combined family.
The wood of Bergia suffruticosa demonstrates
an unusual near-continuum in morphology be-
tween wide vessel elements, fibriform vessel ele-
ments, and tracheids. This phenomenon proves
referable to concepts variously designated by
particular terms. The concepts of vascular tra-
cheids, vasicentric tracheids. fibriform vessel ele-
ments, and vessel dimorphism are compared and
contrasted. The functional nature of these phe-
nomena is also explored. Further work to refine
definitions of these cell types is needed.

MATERIALS AND METHODS

Of the liquid-preserved specimens of Bergia
suffruticosa placed at my disposal, one series,
vouchered by the specimen B. C. Daramo 6
(MO), was selected because xylem accumulation
was maximal and straight stem portions suitable
for sectioning were present. This material was
collected from a shrub 90 cm tall growing near
the Numan Bridge on the Benu River near Nu-
man, Gongola, Nigeria The liquid-preserved
material was provided as bottles labeled "stems"
and "roots" respectively. However, sections of
the latter revealed presence of pith and endarch
xylem. Therefore these segments have been des-
ignated "lower stems." and those labeled as stems
have been designated as "upper stems" in the
descriptions that follow. Bergia suffruticosa is
branched from near the base; the "lower stem"
is below most of this branching whereas the up-
per stems, much smaller in diameter, are taken
from above most of this branching.

The lower stems of Bergia suffruticosa have
wide vessels (Fig. 1). Upper stems are small in
diameter, and have athin but tough cylinder of
secondary xylem (Fig. 10). These features would
lead to fragmentation of vessel walls and of sec-
tions with ordinary rotary microtome or sliding
microtome techniques. Such small stems are,
moreover, difficult to handle with a sliding mi-
crotome. Therefore a new method in which in-
filtration and embedding in paraffin are preceded
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by treatment of the material in ethylene diamine
(Carlquist, 1982) was used. The softening action
of the ethylene diamine was hastened by placing
the material beingtreated in a paraffin oven (60°C)
for four hours. Sections were stained with a saf-
ranin-fast green combination.

Macerations were prepared from pickled ma-
terial with Jeffrey's Fluid. Macerations were
stained with safranin.

For comparison with Bergia suffruticosa, wood
of several species of Clusiaceae was sectioned.
These wood samples are part of the Rancho San-
ta Ana Botanic Garden wood sample collection,
but are designated by serial numbers of the U.S.
National Museum, which contributed them to
that collection. This material did not require spe-
cial softening techniques and was sectioned on a
sliding microtome and stained with safranin.
Macerations were prepared with Jeffrey's Fluid
and stained with safranin.

ANATOMICAL DESCRIPTIONS

Lower stem (Figs. 1-9). Growth rings absent;
larger vessel elements tend to be progressively
wider in diameter (Fig. 1). Vessel elements range
up to 230 /zm in diameter. Perforation plates are
simple. Cells that appear to be imperforate tra-
cheary elements as seen in transection include
both fibriform vessel elements (Fig. 3) and tra-
cheids. Fibriform vessel elements are more nu-
merous than the tracheids but grade into them,
aswell asinto the wider vessel elements. Because
there is a complete intergradation among classes
of tracheary elements, none of these classes can
be isolated for the purposes of measurement, and
only extremes can be quantified. Wider vessel
elements are about 320 Mm long, tracheids are
about 600 Mm long. Wall thickness of wider ves-
sels is 7 Mm, wall thickness of tracheids. 3 Mm.
Intervascular pitting of vessels is composed of
alternate pits that can be polygona in outline
where crowded (Fig. 7), otherwise circular in out-
line or somewhat laterally widened (Fig. 6); pits
average about 6 Mmin diameter. Vessel-ray pit-
ting is composed of circular or elongate pits, the
latter often elongate parallel to the long axis of
the stem (Fig. 6), a kind of scalariform pattern.
Vessel-ray pitting is bordered on the vessel side,
simple on the ray cell side. Axial parenchyma is
in strands of two cells. Axial parenchyma is often
beside larger vessels (Fig. 4), but can also be scat-
tered among other tracheary elements (Fig. 5).
Because the fibriform vessel elements are so



