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VESSEL GROUPING IN DICOTYLEDON WOOD:
SIGNIFICANCE AND RELATIONSHIP TO
IMPERFORATE TRACHEARY ELEMENTS

Sherwin Carlquist

Abstract.— A hitherto unappreciated correlation exists between nature of
vessel grouping and nature of imperforate tracheary elements in wood of
dicotyledons at large: families and genera with true tracheids (large fully
bordered pits common on both radial and tangential walls) have solitary
vessels. Presence of true tracheids as a subsidiary conductive system is hy-
pothesized to render vessel grouping a superfluous adaptation. Vessel group-
ing does occur to various degrees in taxa with fiber-tracheids or libriform
fibers; the degree of grouping is related to likelihood or seriousness of vessel
failure by air embolisms because of either drought or frost. Grouping of
vessels is regarded as a way of providing alternate conduits whereby water
can be carried in the same pathways in case one or several vessels in a group
are incapacitated by air embolisms. Presence of vascular tracheids, if suffi-
ciently abundant, is held to be correlated with smaller degree of vessel
grouping because vascular tracheids can form a subsidiary conductive sys-
tem; small numbers of vascular tracheids do not affect vessel grouping pat-
terns. Species which possess vasicentric tracheids possess a subsidiary con-
ductive system ideally located around vessels and have solitary vessels or
else (if vasicentric tracheids are less common) a low degree of vessel grouping.
Species with very large vessels at the beginning of growth rings tend to have
little grouping in the earlywood vessels but more grouping in latewood ves-
sels; this dimorphism is held to relate to enhanced safety of latewood vessels,
since earlywood vessels have little safety and the latewood is thereby the
wood portion where safety mechanisms are concentrated. Fiber-tracheids
do not have sufficient conductive capabilities to form a subsidiary conductive
system; borders on pits of fiber-tracheids are rapidly lost during evolution,
and such loss generally precedes appearance of septate or nucleated condi-
tions or is simultaneous with it. Relative selective value of the various vessel
grouping types (clusters, radial multiples, diagonal bands, tangential bands)
as well as of larger aggregations remains a topic for more investigation, as
does significance of grouping of primary xylem vessels.

INTRODUCTION

Transections of some dicotyledon woods reveal vessels distributed in scat-
tered fashion, few in contact with each other. In other woods, groups of
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vessels ("group” is defined here as vessels in contact, not merely close) are
characteristically present. Little attention has been devoted to reasons for
this diversity, and for why there should be various types of vessel groupings.
Vessels may be grouped in clusters (groups about as wide radially as tan-
gentially), radial multiples, or in tangential bands. Vessel groups, in turn,
may appear to form larger patterns (termed aggregations here) which extend
across rays and even growth rings (where present); in these larger aggrega-
tions, not all vessels are actually in contact with each other.

Questions corresponding to the above patterns need to be answered. (1)
Why are vessels characteristically grouped in some families of dicotyledons
but not at all in other families or genera? This question will be addressed
on the basis of comparative studies and morphological data, and isthe prime
focus of the present study. (2) In those families in which vessel grouping
occurs, what governs the degree of vessel grouping? The answer to this
guestion proves to be related to the answer to the first question. However,
in terms of selective factors the number of vessels per group in these families
is highest in driest areas, lowest in the most mesic areas (Carlquist 1966).
This can also be expressed in terms of more vessels per group in temperate
areas than in tropical zones (Carlquist 1966; Baas 1973; Baas et al. 1983).
(3) Why are vessels grouped in more than one way (clusters, radial multiples,
diagonal bands, tangential bands)? While the data of the present study do
not apply directly to the solution of this question, some preliminary com-
ments are in order. (4) Why are vessels large in diameter more likely to be
solitary than smaller vessels? (5) Do larger aggregations of vessels bear any
relationship to smaller groups? If so, what explanations can be offered for
this phenomenon?

In dealing with these questions, the present study examines the role of
imperforate tracheary elements. The term "imperforate trachearv element"
in this paper includes tracheids, fiber-tracheids, and libriform fibers. | realize
that the apparently nonconductive nature of libriform fibers would lead some
workers to prefer that libriform fibers not be included under the concept of
imperforate tracheary elements. At the outset of this discussion, | must stress
that the nature of imperforate tracheary elements in particular taxa is the
basis for interpretations of occurrence or nonoccurrence of vessel grouping.
The central hypothesis of the present paper is that imperforate tracheary
elements, if well adapted for conduction (true tracheids, vasicentric tracheids,
vascular tracheids) offer great safety to the conductive process. If a vessel in
a tracheid-bearing wood is disabled, the conductive process can be trans-
ferred to nearby tracheids. This transfer cannot occur in woods in which
fiber-tracheids and libriform fibers have been evolved asamechanical system
and no tracheids are present. In these more specialized woods, grouping of
vessels offers another kind of safety, one in which disabling of any vessel is



