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attained, not only would pit membranes have
to be retained uniformly in all perforations,
the imperforate tracheary elements accompa-
nying the vessel elements would have to
vanish — a change unlikely as long as there is
selection for mechanical strength in stems
(should both types of tracheary elements be
retained, most criteria of vessellessness would
not be satisfied). Even if such a change did
occur, one would have to have retrograde
evolution in order to erase any differences be-
tween end wall pitting and lateral wall pitting
in the vessel elements — differences which
characterise the vast majority of vessels in
dicotyledons. Thus, secondary vesselless-
ness in a woody dicotyledon is highly un-
likely unless one invents a quite extreme
scenario.

An extreme scenario that could lead to ves-
sellessness has been described in the case
of two nearly vesselless species of Ephedra
(Carlquist 1988b). A phylad in which both
vessel elements and tracheids were present

would have to adapt to an extremely dry cold

habitat, like the Ephedra species, in which
tracheids are more advantageous than vessel
elements at restricting the embolisms created
by drought or freezing. Then such a phylad
would have to shift back to more moderate
conditions — in fact, all of the extant vessel-
less dicotyledons are restricted to the most
mesic conditions possible.

Another scenario for secondary vesselless-
ness — but one that will apply in only a few
limited instances and that does not really
involve loss of vessels is suggested by the
stems of Sarcandra or stems of Nymphaea-
ceae. Comparative work on secondary xylem
of dicotyledons led Bailey (1944, 1953) to
conclude that in dicotyledons, vessels origi-
nated in secondary xylem (simultaneously in
roots and stems), then progressed into prima-
ry xylem. There are dicotyledons in which
vessels occur in secondary xylem but not in
primary xylem. If such a dicotyledon lost
secondary xylem entirely, it could become
vesselless. But the outcome of this scenario
would be an herbaceous plant. Nymphaea-
ceae, which are vesselless and have no sec-
ondary xylem, might be an example of this
scenario or they might be primitively ves-
selless — until we know the ancestry of Nym-

phaeaceae, we cannot decide which hypo-
thesis is correct. If stems of Sarcandra have
less secondary xylem than do the roots, then
possibly vessels may be absent because the
development of wood is foreshortened in
stems — although there are other possible sce-
narios, such as selective advantage of vessels
in roots versus stems.

Some cladists, such as Young (1981) or
Doyle and Donoghue (1989) have proposed
events of secondary vessellessness in woody
dicotyledons. They evade the responsibility
of explaining the histological, ecological, and
habital scenarios that must be proposed to ac-
count for such proposed events of vessel loss.
The above discussion is intended to show what
some of these unappreciated complexities may
be. The extremeness of the scenarios that must
be proposed should be considered by those
who feel that more parsimonious cladograms
can be achieved by such hypotheses.
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