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ABSTRACT 

The list of families with diagonal ("dendritic" or "flamelike" of other authors) patterns of vessel 
aggregation is similar to the list of families that have vasicentric tracheids. This paper attempts to 
deal with apparent exceptions. Because of recent reports of vasicentric tracheids, the families with 
diagonal vessel aggregations are all also on the list of families with vasicentric tracheids with the 
exception of four families. Genera of those four families are studied to see if a relationship between 
vasicentric tracheids and diagonal vessel aggregations does hold. Of the families not on both lists, 
Leitneriaceae (Leitneha). Melastomataceae (Mouriri), and Moraceae (Madura) do prove to have 
vasicentric tracheids in appreciable numbers. Small numbers of vasicentric tracheids and small degrees 
of vessel aggregation occur in Asimina (Annonaceae), Morus (Moraceae), and various Araliaceae. 
Vessels may not appear diagonally grouped if libriform fibers accompanying them are few, or if vessels 
are separated by large numbers of vasicentric tracheids. Diagonal grouping appears most marked in 
woods from drier and colder localities. Extensive diagonal vessel aggregations are apparently a reliable 
indication of vasicentric tracheid presence, but only a portion of the woods with vasicentric tracheids 
have diagonal vessel aggregations. By having few. large, and intersecting aggregations of vessels mixed 
with vasicentric tracheids. a wood has greater potential safety (failure of fewer water columns by air 
embolisms) in space (within wood) and time than a wood with smaller, more numerous vessel group­
ings. Vessel grouping and vasicentric tracheid presence are considered additive in their safety effects. 

Key words: dendritic vessel groupings, diagonal vessel groupings, ecological wood anatomy, flamelike 
vessel groupings, pore groupings, wood anatomy. 

INTRODUCTION 

As seen in transection, certain woods demonstrate vessel (pore) aggregations 
that run diagonally and may be extensive, forming patterns that continue across 
rays. These are conspicuous in woods of Calycanthaceae (Carlquist 1983), certain 
Fabaceae (Cozzo 1950), several genera of Oleaceae (Patel 1978), some Sapotaceae 
(e.g., Kukachka 1978a), and a few other families listed below. Metcalfe and Chalk 
(1950, p. 1351) term these "dendritic" patterns. Other terms given for these 
patterns are "namelike" (Record 1942) and "echelon" (Kukachka 1978a). My 
term "diagonal aggregation" is, as far as I can tell, identical to the usages of these 
authors, but has been devised because it is less ambiguous. Diagonal aggregations 
connote any moderate to extensive pore grouping that extends across a transection 
in a direction between tangential and radial. "Dendritic" implies a dichotomous 
branching of the bands, which may more often anastomose, and "flamelike" is 
not used here because the image it conveys may not evoke all instances of this 
phenomenon. Also considered here are vessel aggregations that are tangential or 
nearly so rather than diagonal in orientation. These tangential aggregations are 
not bands of earlywood vessels, but instead are formed after the large earlywood 
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vessels. Some instances with tangential bands of vessels have been termed an 
"ulmiform" pattern. In Ulmus and other Ulmaceae, earlywood vessels are not 
grouped and are not associated with vasicentnc tracheids, but throughout most 
of each growth ring, vessels are narrow and grouped into tangentially oriented 
aggregations in which vasicentric tracheids also are present. This pattern has also 
been observed in genera and families listed by Record (1942). In Proteaceae such 
as Persoonia (Carlquist 1984. fig. 17), tangential bands of vessels occur throughout 
the wood without any relationship to earlywood or latewood: in Proteaceae the 
term "ulmiform" has not been used for this phenomenon. The term "aggregation" 
as used here refers to larger groupings than such terms as "pore multiples," "pore 
clusters," etc., imply and was consistently used to designate these larger groupings 
in an earlier paper (Carlquist 1984). 

While investigating vasicentric tracheids, I noticed that diagonal vessel aggre­
gations occur conspicuously in many of the species that have vasicentric tracheids 
(Carlquist 1985, note added in proof). However, not all taxa listed as having 
vasicentric tracheids have diagonal aggregations of vessels. Looking at the list 
given by Metcalfe and Chalk (1950) for families with diagonal vessel aggregations. 
I found four families not on my list of families with vasicentric tracheids (An-
nonaceae, Leitneriaceae, Melastomataceae, and Moraceae). The conelation be­
tween these phenomena is sufficiently conspicuous so that an attempt is made to 
examine the exceptions and to see if they really are exceptions. The present paper 
is an attempt to resolve the relationship between diagonal vessel aggregation 
presence and the presence of particular tracheary element types. 

The tangential (ulmiform) vessel aggregations are included in the present in­
vestigation because that phenomenon may be related to the one under consid­
eration to the extent that some of the tangential bands tend to be diagonal. Some 
families known to have tangential pore bands are known to have vasicentric 
tracheids. In some families with vasicentric tracheids. vessel aggregations more 
nearly tangential than diagonal are frequent. 

MATERIALS AND METHODS 

Wood samples of pertinent genera were selected from the Rancho Santa Ana 
Botanic Garden wood collection (RSAw) or collected locally. Sections were pre­
pared on a sliding microtome and stained in a safranin-fast green combination. 
Transections reveal the presence of diagonal vessel aggregations well. Longitudinal 
sections are indicative, not decisive, in demonstrating presence of vasicentric 
tracheids because small perforation plates might be on portions of elements cut 
away; consequently macerations are required for confirmation (Carlquist 1985). 
Macerations were prepared by means of Jeffrey's Fluid and stained in safranin. 
The definitions of the IAWA Committee on Nomenclature (1964) are employed 
here, although that compendium is somewhat vague on the definition of vasicen­
tric tracheid. The part of the Committee definition considered essential here is 
the criterion that a vasicentric tracheid is associated with a vessel. Any tracheid 
associated with a vessel in a wood that also contains fiber-tracheids or libriform 
fibers (sensu IAWA Committee on Nomenclature 1964) is a vasicentric tracheid, 
and such a wood lacks true tracheids. The term vascular tracheid is reserved for 
tracheids formed only at the end of growth rings (and therefore not surrounding 
vessels) in woods that have fiber-tracheids or libriform fibers. A detailed account 
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of this terminology and the reasons for it have been given elsewhere (Carlquist 
1986). There is no standardized set of terms for the vessel (pore) groupings under 
consideration in this paper, and the terms used earlier (Carlquist 1984) have been 
employed here. 

Dr. William L. Stern is acknowledged for his help in providing some of the 
wood samples, for sponsoring my visit to Florida that led to the collection of the 
Leitneria wood sample, and for reading the manuscript and offering helpful sug­
gestions. 

RELEVANT TYPES OF VESSEL AGGREGATION 

/. Extensive Diagonal Aggregations of Vessels 

As shown by Leitneria (Fig. 1-2), diagonal bands of vessels may be oriented 
in various directions ranging from tangential to radial. Leitneria exemplifies this 
type well in terms of the tendency for the vessel aggregation pattern to continue 
across rays, because vessel groupings in Leitneria extend across uniseriate rays 
(Fig. 2). Most examples of this type have somewhat more numerous vessels per 
mm- than does Leitneria. 

2. Vessel Aggregations Indefinite in Extent Because of Abundance of 
Narrow Vessels and Vasicentric Tracheids 

In Berberis (Mahonia) nervosa Pursh (Fig. 3-5), relatively few libriform fibers 
are present. Consequently, vessel aggregations are, in fact, indefinite in extent. 
This situation has also been illustrated for Clematis ligusticifolia Nutt. (Carlquist 
1985). However, species of Berberis other than B. nervosa have more abundant 
libriform fibers, groups of which separate the aggregations of vessels and vasi­
centric tracheids, and therefore diagonal aggregation of vessels becomes apparent. 
Berberis haematocarpa Woot. and B. nevinii Gray fall into this category and have 
transectional appearance much like that figured here for Dendromecon (Fig. 6). 

3. Less Extensive Diagonal Vessel Aggregations 

Dendromecon rigida Benth. ssp. rhamnoides (Gray) Greene (Fig. 6) is repre­
sentative of this condition. The diagonal bands of vessels (which also contain 
vasicentric tracheids) mostly do not extend across rays. 

4. Diagonal Vessel Aggregations Containing Vessels Well Separated by 
Large Numbers of Vasicentric Tracheids 

This condition is well shown by many Fagaceae such as Chrysolepis sempervirens 
(Kell.) Hjelmqv. (Fig. 7). By appearing as light areas (in contrast to the denser 
areas, which are libriform fibers), the abundance of vasicentric tracheids is evident. 
At first glance, one might not think of this as an example of vessel aggregation at 
all, but it clearly is and Metcalfe and Chalk (1950) have included Fagaceae in 
their list of species with diagonal vessel aggregations. There are some dicotyle­
donous woods in which vasicentric tracheids are very similar to libriform fibers 
in transection, and thus the interconnection of vessels by vasicentric tracheids is 
less evident; some species of Eucalyptus exemplify this. 
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Fig. 1-5. Wood sections of Leitneriaceae and Berberidaceac—1-2. Leitneria tloridana, Carlquist 
15639. — 1. Transection; vessel aggregations at various diagonal angles can be seen. —2. Tangential 
section; dark cells at right are vessels and vasicentric tracheids. —3-5. Berberis nervosa, Bissing 262. — 
3. Transection: diagonal patterns of vessel aggregation are not evident.—4. Tangential section; wide 
rays intercalated into the axial xylem. —5. Portion of tangential section showing axial xylem comprised 
wholly of narrow vessels plus vasicentric tracheids. (Fig. 1-4, magnification scale above Fig. 2 [finest 
divisions = 10 fim); Fig. 5. scale above Fig. 5 [divisions = 10 /im].) 


