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WOOD, BARK, AND STEM ANATOMY OF GNETALES: A SUMMARY

SHERWIN CARLQI 1ST

Santa Barbara Botanic Garden. 1212 Mission Canyon Road, Santa Barbara. California 93105

Data from a series of eight papers, representing a survey of Gnetales at the species level, are summarized in order
to develop concepts on the relationship between the anatomical data and ecology, phylogeny. and systematica. Most
of the characters and character states newly reported have phylogenetic and ecological correlations for Gnetales as a
whole rather than systematic significance within the genera. Wood features are sensitively related to habit, although
strategies in lianoid species of Ephedra differ from those in lianoid Gnetum species. Data also bear close relationships
to organography. Vessel details are given special attention because workers have questioned whether vessels originated
in Gnetales independently of those in angiosperms. and thus whether deswd origin in the two groups is a
synapomorphy. The evidence cited here favors origin of vessels in Gnetales independent of vessel origins in angio-
sperms. Hitherto unappreciated contrasis between vessels of Gnetales and those of angiosperms are detailed: the loriis-
margo structure of pus in Gnetales iboih Ephedra and Gnetum), and the aspiration ability of gnetalean pits represent
modes of conduction and promotion of conductive safety different from those in angiosperms, and the shape difference
(circular vs. scalariform). cited in data matrices of cladograms, is secondary to the different functional syndromes. The
intercalation of circular bordered pits into helical secondary wall thickenings of primary wlem tracheal y elements of
Ephedra and (lucrum (a feature found also in conifers and Ginkgo but not in angiosperms) is given new Functional
interpretations. Ephedra and Gnettan contain both tracheids and tiber-tracheids that co-occur in a mode different from
that in angiosperms which contain hoth cell t>pes together. Ray structure like that of Gnetales occurs widely within
seed plants and likely offers little conclusive information about relationships. Wood data on Gnetales are compatible
with the hypothesis that a wsselless -roup of gymnosperms, such as Pentoxylales or Bennettitales. is the closest sister
group of angiosperms. Formation of successive camhia in Gnetum differs from that in Welwitschia: the latter has
phellem but no other bark. Because Welwitschia has onlj phellem, there are more numerous hark features in common
between Ephedra and Gnetum than one might have expected. The three genera appear monophyletic on the basis oi
wood and bark. Infragenenc anatomical features of systematic importance are few. although the arboreal Gnetum
i;nem(>n differs from the lianoid Gnetum species in significant ways.

Introduction dence: the new wood and bark information must be
analyzed and summarized in diverse contexts.

This article summarizes eight papers that attempt to The studies on wood and bark of Gnetales at the
survey wood, bark, and stem anatomy of Gnetales apecies level was begun with a study of the New
the species level, and thereby concludes the seriegvorld species of Ephedra (Carlquist 1989), the OIld
With respect to anatomy of wood and bark, earlier lit-world species of Ephedra (Carlquist 1992). and the
erature (e.g.. Martens 1971) is based on study of a vefyhenomenon of near-vessellessness in some high-al-
small number of species. Therefore, a new survey, repine species of Ephedra (Carlquist 1988/?). The initi-
resenting many more species than had been studiegion of the survey with study of the New World spe-
before, was initiated. This point is made because eakies of Ephedra was related to the fact that material
lier conclusions about the nature of wood and bark obf those species was more readily available to me. Al-
Gnetales are based on a small base of information, anflough Welwitschia has been studied for many de-
many character states summarized here do not appeaades,important new structural data proved worthy of
therefore, in recent papers on relationships of Gnetaleseporting (Carlquist and Gowans 1995). One tree spe-
The fact that much new information has been acquiredies of Gnetum, Gnetum gnemon, is widespread
requires integration of that information in various (Markgraf 1930) and was considered in a separate pa-
ways: (1) simple descriptions of features, (2) alterna-per (Carlquist 1994) because this species differed so
tions of earlier descriptions, (3) integration of the newmuch from the lianoid species of the genus. Both Af-
information into the patterns provided by earlier work-rican lianoid species of Gnetum were available (Carl-
ers, (4) analysis of the phylogenetic significance of thequist and Robinson 1995); all New World species ex-
data now available, and (5) consideration of the ecocept a recently named one were studied (Carlquist
logical implications of wood and bark data. The task1996/?). The series concluded with a study of Indoma-
at hand in analyzing these data sets, therefore, is mugbsian and Asiatic lianoid species (Carlquist 1996«).
more than citation of how features of wood impingeRepresentation at the species level was 92%phed-
on hypotheses of seed plant evolution. The organizara and 66% in Gnetum. Although less than optimal in
tion of this article cannot, therefore, be a linear excoverage of the Indomalesian and Asiatic species of
amination of past hypotheses in terms of current eviGnetum, the survey provides a baseline to which in-

formation on species not included can readily be added

as material becomes available.
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