Aliso 24, pp. 1-18
© 2007, Rancho S

WOOD ANATOMY OF CROSSOSOMATALES: PATTERNS OF WOOD EVOLUTION WITH RELATION
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ABSTRACT

The seven families hypothesized by Sosa and Chase to comprise Crossosomatales possess relatively
long vessel elements with scalariform perforation plates and scalariform to opposite vessel-ray pitting:
tracheids; diffuse axial parenchyma: and heterogeneous rays. These and other primitive character states
do not indicate relationships, but they do not offer any evidence against the idea that Crossosomatales
are a natural order. Departures from the primitive character states are related to ecological adaptations.
Crossosomataceae have simple perforation plates (scalariform briefly at the beginning of the secondary
xylem), a feature correlated with the seasonal aridity of habitats occupied by the family, the sole
family of the order to exhibit such an ecological shift. Presence of tracheids (which confer embolism
resistance to a wood) in ancestors of Crossosomataceae probably pre-adapted the family for entry into
highly seasonal habitats. Minimal vessel grouping in all other genera shows that tracheid presence
deters vessel grouping; tracheid presence also deters shortening of vessel elements. Autapomorphies
are shown by Aphloiaceae (tracheid dimorphism, rays of two distinct widths): Crossosomataceae
(perforation plates predominantly simple, lateral wall pitting of vessels alternate): Geissolomataceae
(wide rays); Ixerbaceae (fiber-tracheid tendency); Staphyleaceae (adjacence of axial parenchyma to
vessels): Stachyuraceae (simplification of perforation plates); and Strasburgeriaceae (large cell size).
Although tracheid presence seems plesiomorphic in Crossosomatales, a degree of lability in density
and size of bordered pits on imperforate tracheary elements probably occurs within this order and in
other dicotyledon groups.

Key words: Aphloiaceae, Crossosomataceae, Geissolomataceae, Ixerbaceae. Stachyuraceae, Staphy-

leaceae. Strasburgeriaceae, tracheids, vessel grouping. wood evolution, xeromorphy.

INTRODUCTION

The order Crossosomatales is a remarkable assem-
blage of seven families (Aphloiaceae, Crossosomata-
ceae, Geissolomataceae, Ixerbaceae, Stachyuraceae,
Staphyleaceae, Strasburgeriaceae). Evidence support-
ing the idea that the order is monophyletic came to
light very recently, as a result of DNA studies (Sa-
volainen et al. 2000: Soltis et al. 2000; Cameron 2001:
Sosa and Chase 2003). The novelty of Crossosoma-
tales derives from the fact that the seven component
families were assigned to remarkably disparate places
in frequently consulted phylogenies. A detailed history
of the development of the concept of Crossosomatales,
and citations of the relevant literature on the group are
offered by Matthews and Endress (2005), and need not
be repeated here. The diversity of orders to which the
component families were assigned by earlier workers
is indeed astonishing.

The focus of the present study is not, however, ap-
plication of wood anatomical data to clarify system-
atics. That approach characterized much 20th century
work on systematic anatomy. but has now been clearly
supplanted by DNA-based phylogenies. which have
statistical likelihood that renders contributions to nat-
ural phylogeny by wood anatomy essentially obsolete.
The powerful nature of DNA evidence now has the

effect of showing how wood anatomy evolves. The net
effect of comparing DNA phylogenies to wood anat-
omy databases is to demonstrate greater and more rap-
id evolution in wood anatomy within orders or super-
orders than had been suspected hitherto. The 21* cen-
tury is proving to be the century during which ten-
dencies, modes, and degrees of wood evolution are
elucidated by using DNA-based phylogenies as a ma-
trix for interpretation of wood features. Wood anatomy
is no longer a building block of importance for the
natural system; wood data studied in terms of molec-
ular phylogenies reveal kinds of structure change in
wood and help in the analysis of those changes (e.g.,
ecological shift of a phylad to drier habitats).

Some wood data for the seven families are available
in the following publications: Aphloiaceae (Miller
1975); Crossosomataceae (DeBuhr 1978); Geissolom-
ataceae (Carlquist 1975a); Ixerbaceae (Patel 1973;
Meylan and Butterfield 1978: Cutler and Gregory
1998); Staphyleaceae (Carlquist and Hoekman 1985a);
and Strasburgeriaceae (Dickison 1981; Cameron
2003). Summaries of wood data for some genera of
the families may be found in Metcalfe and Chalk
(1950), and papers that describe the wood for a few
species are listed by Gregory (1994). The present
study presents new data, especially for Crossosoma-
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