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WOOD ANATOMY OF CARYOPHYLLACEAE: ECOLOGICAL, HABITAL.,
SYSTEMATIC, AND PHYLOGENETIC IMPLICATIONS
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ABSTRACT

Wood of Caryophyllaceae is more diverse than has been appreciated. Imperforate tracheary elements
may be tracheids, fiber-tracheids, or libriform fibers. Rays may be uniseriate only, multiseriate only,
or absent. Roots of some species (and stems of a few of those same genera) have vascular tissue
produced by successive cambia. The diversity in wood anatomy character states shows a range from
primitive to specialized so great that origin close to one of the more specialized families of Cheno-
podiales, such as Chenopodiaceae or Amaranthaceae, is unlikely. Caryophyllaceae probably branched
from the ordinal clade near the clade's base, as cladistic evidence suggests. Raylessness and abrupt
onset of multiseriate rays may indicate woodiness in the family is secondary. Successive cambia might
also be a subsidiary indicator of secondary woodiness in Caryophyllaceae (although not necessarily
dicotyledons at large). Although a small shrub, Gymnocarpos may be primitively woody, and because
that genus appears primitive in many wood features the family as a whole may derive from woody
ancestors, despite apparent secondary woodiness in many phylads. Systematic distribution of wood
character states in the family corresponds closely to the Pax and Hoffmann system of three tribes and
their progressive degrees of specialization (Paronychieae, Alsineae, Sileneae). Wood data support the
idea that Caryophyllaceae represent a branch from near the base of the order Caryophyllales. Wood
of Caryophyllaceae is highly xeromorphic, comparable in quantitative vessel features to wood of desert
shrubs; insular species have less xeromorphic wood. Instances of storying and druse presence in axial
and ray parenchyma are newly reported for the family, as is the inverted orientation of xylem, phloem,
and periderm produced by a cambium at the periphery of the pith in Dianthus carvophylius.
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INTRODUCTION

Few families of dicotyledons are so poorly known
with respect to wood anatomy as Caryophyllaceae.
The summary of wood histology of the family offered
by Metcalfe and Chalk (1950) occupies only four
lines. Quantitative data have been offered for wood of
only one species (Fahn et al. 1986). Wood anatomy of
Caryophyllaceae is, however, of great potential impor-
tance in relation to systematics, ecological wood anat-
omy, and phyletic change in habit. The lack of studies
in wood anatomy of the family may be related to the
predominantly herbaceous nature of the family. The
woodiest representatives (likely the Hawaiian genus
Schiedea) are small shrubs the basal stem diameter of
which probably rarely exceeds 3 cm.

Caryophyllaceae have been invariably regarded as a
member of the order formerly known as Centrosper-
mae and currently termed Caryophyllales (less fre-
quently, Chenopodiales), although Caryophyllaceae
lack the betalains (betacyanins), glycoflavones, and
some other compounds characteristic of other families
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in the order (Wohlpart and Mabry 1968; Richardson
1981). Sieve-tube plastid ultrastructure shows similar-
ities between Caryophyllaceae and certain other fam-
ilies of the order—Achatocarpaceae, Molluginaceae,
and Stegnospermaceae (Behnke et al. 1983). A cladis-
tic study (Rodman et al. 1984) shows Caryophyllaceae
as branching from near the base of the order Cheno-
podiales, well distanced from the betalain-containing
families. A wood study claims affinity between Steg-
nospermaceae and Caryophyllaceae (Bedell 1980).
The DNA evidence presently available, based on rbcL
data, places Caryophyllaceae in an advanced position
in the order, departing from the clade near Chenopo-
diaceae (Chase et al. 1993). The present study offers
some evidence on the phyletic status of Caryophylla-
ceae.

Wood anatomy of Caryophyllaceae proves to be of
especial significance with relation to habit. No Cary-
ophyllaceae are truly shrubby or arboreal. Habits in
the family range from subshrubs to perennials with
thickened roots to minimally woody perennials to an-
nuals. Relating the range of habits to the rayless wood
predominant in the family as well as to the presence
of successive cambia (largely in roots rather than



Table 1L Wood characteristics of Caryophyllaceae.

Sades Cdlledion

Alsinidendron trinerve H. Mann Perlman 5448
Arenaha macradenia S. Wats. Thome 40688
Dianthus caryophyllus L. Carlquist s.n.
D. rupicolus Bivona cult. UCBBG
Gymnocarpos  salsotoides

Webb & Christ. Carlquist 2535
Gypsophila patrinii  Ser. Smirnov 59
Polycarpaea divaricata Ait. Carlquist 2731
Schiedea adunumtis  St. John Wetter & Sakai 847
S ligustrina Cham. & Schlecht. Wetter & Sakai 846
S. lydgatel Hillebrand Weller & Sakai 870
Scopulophita rixfordii (Bge.)

Munz & Jn. Roos 6097
Slene fruticosa L. cult. UCBBG
S hawaiiensis Sherff ROOT Carlquist 8161
S. hawaiiensis Sherff STEM Carlquist 8161
S spergultfblia (Desf.) M. B. Akhverdov, June 1948
S. druthioloides A. Gray Carlquist 1924
S verecunda (S. Wats.)

Hitchc. & Maguire Carlquist 8158

Above Caryophyllaceae averaged
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v(, vb VM VL W TL W
153 o 149 218 2.0 324 2.2
2.32 16 603 197 2.7 321 2.4
1.60 14 482 114 3.0 253 4.4
186 20 387 14 3.0 193 2.0
110 27 284 11S 2.5 257 4.1
3.25 IS 636 146 2.4 —_ —_
2.17 26 371 114 3.9 173 2.7
1.76 18 427 154 2.4 256 25
2.15 18 318 196 2.6 292 2.3
1.65 26 196 172 10 297 2.0
>15 16 > 178 2.4 — —
3.15 13 398 127 3.0 183 2.0
2.63 17 55 142 2.6 208 2.3
2.00 19 193 154 2.2 303 2.6
2.20 8 699 113 25 205 4.1
173 9 494 NS 2.4 186 2.0
2.30 25 295 135 32 — —
3.14 19 174 146 2.6 247 21

Key to columns: 1 (VG), mean number of vessels per group; 2 (VD). mean lumen diameter of vessels a widest point, am; 3 (VM),
mean number of vessels per mm-; 4 (VL), mean length of vessel elements, am); 5 (VW), mean wall thickness of vessels, am; 6 (TL).
mean length of imperforate tracheary elements, am; 7 (TW). mean wall thickness of imperforate tracheary elements, am. Provenances of

specimens are given in Materials and Methods.

stems) is one of the purposes of the present study.
Caryophyllaceae are a family of crucial importance in
demonstrating if wood anatomy can reveal whether a
phylad is primarily or secondarily woody.

Woody Caryophyllaceae mostly occupy relatively
dry habitats. Interesting in this connection is whether
wood of Caryophyllaceae is markedly xeromorphic
(for criteria of wood xeromorphy, see Carlquist 1988),
and if so. in what ways. Insular representatives of a
group usually tend to be less xeromorphic in various
features than their continental relatives. Woody Cary-
ophyllaceae are well represented on the Hawaiian Is-
lands and the Canary Islands, so there is sufficient ma-
terial to provide a comparison between woods of in-
sular and continental representatives.

MATERIALS AND METHODS

Wood samples of Alsinidendron and Schiedea were
kindly provided through the generosity of Anne Sakai
and Steven Weller. The samples of A. trinerve and S.
ligustrina were liquid-preserved, as were my collec-
tions of Dianthus caryophyllus. Slene hawaiiensis,
and 5. verecunda. Specimens of all other Caryophyl-
laceae were available in dried form. Only root wood
was studied for Gypsophila patrinii, Scopulophila rix-
fordii, and Slene verecunda. Both stem and root wood
(Table 1) was studied for Slene hawaiiensis. All col-
lections other than the Weller and Sakai material are
documented with specimens in the Rancho Santa Ana

Botanic Garden Herbarium; the Weller and Sakai col-
lections are deposited at the University of California.
Irvine.

Sliding microtome sections were successfully ob-
tained for specimens of Polycarpaea divaricata, Slene
struthioloides, and all species of Schiedea. These
woods are relatively uniform in texture and are mod-
erately hard. Other caryophyllaceous woods contain
hard and soft portions intermixed, or (as in the roots
of Slene hawaiiensis and S verecunda) soft tissue
only. The problems posed by woods such as these
were successfully solved by use of ethylene diamine
for softening followed by sectioning in paraffin (Ca-
rlquist 1982). Sections were stained in a safranin-fast
green combination. Both paraffin sections and sliding
microtome sections were used for scanning electron
microscope (SEM) study. The former were mounted
on aluminum stubsjust as paraffin sections are mount-
ed on glass slides, whereas the sliding microtome sec-
tions for SEM study were dried between glass slides
before being placed on aluminum mounts with the aid
of double-sticky tape. Macerations were prepared with
Jeffrey's fluid and stained with safranin.

Terminology follows that of the IAWA Committee
on Nomenclature (1964) except for the terms vascular
tracheid and vasicentric tracheid, which follow my def-
initions (Carlquist 1985). which | believe correspond
to the intent of the IAWA Committee on Nomenclature
(1964) as well as to the usage of Metcalfe and Chalk



