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ABSTRACT

Qualitative and quantitative data are presented for secondary xylem of 14 species of four genera of
Calyceraceae; root wood is studied for acaulescent perennials and one annual. The wood anatomy of
most species of Calycera has character states identical to those seen in wood of most Asteraceae
(including phylads of Asteraceae thought to be basic in that family). Goodeniaceae have two features
(tracheids, diffuse parenchyma) more primitive than corresponding conditions in Asteraceae and Ca-
lyceraceae according to traditional criteria. Diversity in wood anatomy within Calyceraceae is explain-
able in terms of adaptation to particular ecological conditions. Although woods of the family as a
whole are xeromorphic, most Calycera species show few adaptations to extreme xeromorphy. The
highest degree of wood xeromorphy occurs in species of relatively high elevation or high latitude.
The presence of pseudoscalariform pitting, with transitions to helical-banded secondary xylem vessels,
very much like those of primary xylem, in Boopis graminea and Nastanthus spp., coupled with absence
of libriform fibers (replaced by axial parenchyma) are probably related to expansion and contraction
of the wood in response to fluctuation in moisture availability.
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INTRODUCTION

Although the family Calyceraceae contains about 50
species in six genera (Hansen 1992; DeVore and
Stuessy 1995), little has been reported concerning
wood anatomy of the family. Wood structure has been
described for a single species, Calycera sessiliflora
(Carlquist 1983). Very likely, the limited accumulation
of secondary xylem in most species may have caused
this neglect. Although Hock (1894) said that the fam-
ily consists of herbs, perennials, and subshrubs, all of
the species could be characterized as herbaceous. The
woodiest of the family have perennial stems (and
roots) of relatively limited duration, with a xylem cyl-
inder a few mm in thickness at most. The woodiest
species are not woody subshrubs in the sense of the
subshrubby species of Erica or Vaccinium, which are
miniature shrubs; rather, the larger Calyceraceae ap-
pear merely as herbs that develop secondary xylem for
a limited number of years.

Calyceraceae show a diversity of habits. For ex-
ample, Acicarpha tribuloides is an annual that in cul-

tivation may persist into a second season, although lit-
tle secondary xylem is added during the second year.
Nastanthus, on the other hand, is an acaulescent rosette
perennial that has secondary xylem in the relatively
succulent root. Calvcera calcitrapa is reported to be
0.7 m tall (specimen label, A. C. Gibson and A. T.
Hunziker 3050, RSA); such a species has woodiness
maximal for the family. Some species, such as the
beach species Acicarpha spathulata, are perennials
with stems that produce adventitious roots, and thus
the older portions of the stems do not add much sec-
ondary xylem once newer stem portions are rooted.

The diversity of habit in the family, although lim-
ited, is of great interest with respect to wood anatomy.
In predominantly herbaceous families such as Astera-
ceae, wood anatomy tends to correspond to the habits
of the component species rather than to the taxonomic
system.

Ecology and habit are intimately interconnected,
and so relating wood anatomy clearly to one of these
concepts or the other is difficult. The acaulescent ro-
sette perennial habit of Nastanthus andina is an ad-
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aptation to high latitude and high elevation. Presum-
ably, frost damage is minimized by this habit, although
the root must serve for storage of water and photo-
synthates. Field observations show that pith of Nas
tanthus serves to store water (DeVore, unpublished
data). The secondary xylem of N. andina must be an-
alyzed with respect to both ecology and habit simul-
taneously. The secondary xylem of the root of N. an-
dina can be compared to that of the stems of species
of Calycera only when these factors are taken into
account. In cladistic terms, the various expressions of
secondary xylem in Calyceraceae would likely appear
as arich assemblage of autapomorphies. with relative-
ly few symplesiomorphies or synapomorphies. Con-
cepts concerning classification and phylogeny within
Calyceraceae, whether based on macromorphology
(Hansen 1992) or DNA data, taking macromorphol ogy
also into account (DeVore unpublished), have shifted
considerably in recent years.

The relatively small number of species sampled here
prevents any effective analysis of wood anatomy in
terms of systematic comparisons within the family.
However, data on wood anatomy are very pertinent in
comparing the relationships of Calyceraceae. The fam-
ilies considered close to Calyceraceae in traditional
systems include Goodeniaceae and Asteraceae. The re-
sults of Michaels et al. (1993) and Cosner et al. (1994)
pair Goodeniaceae and Calyceraceae on a branch basal
to Asteraceae. Obviously, wood anatomy of Astera-
ceae and Goodeniaceae merits comparison with that of
Calyceraceae.

MATERIALS AND METHODS

Material of all species studied came from herbarium
specimens except for that of Acicarpha tribuloides,
which was cultivated. Roots and stems of that species
were preserved in 50% aqueous ethanol. The amount
of stem or root wood present on herbarium specimens
of particular species dictated the choice of taxa to be
examined: if little more than primary xylem is present
on a specimen, its xylem is not really comparable to
secondary xylem one or more mm in thickness. Pos-
sibly field work devoted primarily to finding plants
with a maximum amount of secondary xylem would
have yielded samples with more secondary xylem than
represented in some of our specimens, but likely not
very much more. As noted in Table 1, stems were used
except for Nastanthus andina and N. polycephala, in
which plants are acaulescent and the upper portions of
taproots were selected for study of secondary xylem.
Basal stem portions transitional to hypocotyl were se-
lected in Boopis graminea and Calycera sympaganth-
era.

In order to prepare sections, al materials were treat-
ed with ethylene diamine, infiltrated in atertiary butyl
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alcohol series, embedded in paraffin, and sectioned on
a rotary microtome according to the methods of Carl-
quist (1982). Sections were stained in a safranin-fast
green combination. Macerations were prepared with
Jeffrey's Fluid and stained with safranin.

The means for vessels per group, vessels per mm',
vessel diameter, vessel length, and libriform fiber
length (Table 1) are based on 25 measurements with
few exceptions. Figures for vessel pit diameter, vessel
wall thickness, and libriform fiber wall thickness are
based on conditions judged to be typical. Vessels per
group is calculated based on a solitary vessel = 1, a
pair of vessels in contact = 2, etc. Anatomical terms
are based on the IAWA Committee on Nomenclature
(1964), except for vasicentric tracheids, which are de-
fined as in Carlquist (1985). The term "pervasive"
parenchyma is used here, as it was by Carlquist and
Boggs (1996), to denote secondary xylem in which
imperforate tracheary elements are absent or infre-
guent, and in which, therefore, vessels are embedded
in a background of axial parenchyma (e.g., Fig. 12,
18). In longitudinal section, such axial parenchyma
where adjacent to rays simulates upright ray cells
(which are common in Calyceraceae). Thus, ray height
and width cannot be accurately determined in Caly-
ceraceae with pervasive axial parenchyma, nor can the
presence of uniseriate rays be detected. This accounts
for absence of quantitative data on rays for some of
the species in Table 1.

Collection and locality data for the species studied
are as follows: Acicarpha spathulata R. Br. Fosberg
48520 (POM), low beach ridge, Restinga de Jacare-
pagua, south of Lagos Marapendi, Est. Guanabara,
Brazil; A. tribuloides Juss.. Carlquist 8172 (SBG), cul-
tivated in Santa Barbara from seeds provided by Co-
penhagen Botanic Garden; Boopis anthemoides Juss..
G. Tel 27-XI-1962 (RSA), Alrededores Sierra de la
Ventana, Partido de Tornquist, Prov. Buenos Aires, Ar-
gentina; B. graminea Phil., DeVore 1249 (OS, OSH,
T), grazed, damp fields in Valle de las Nieblas, Region
del Biobio, Prov. de Nuble, Chile; Calycera calcitrapa
Griseb., Gibson & Hunziker 3050 (RSA), km 147
about 55 km SE of Villa Union, Argentina; C. cras
sifolia (Miers) Hicken. DeVore & Delucci 1833 (OS,
OSH, T), back dune area, Cabo San Antonio to the
south of Buenos Aires, Prov. de Buenos Aires, Argen-
ting; C eryngioides Remy. DeVore 1303, procumbent
annual, ski slope in grazed area at Lagunillas, Prov.
Santiago, Chile; C. herbacea Cav., DeVore 1216 (OS,
OSH. T), disturbed wet area, Laguna del Maule, 2100
m. Region de Maule, Prov. Talca, Chile; C. sessiliflora
Phil. Argentina. Burkart 18510 (RSA); C. spinulosa
Gill ex Miers, DeVore 1728 (OS. OSH, T), sandstone
carenitel outcrop. 1300 m, 3 km SE of Potrerillos,
Depto. Tupangato. Prov. Mendoza, Argentina; C. sym
paganthera (R. & P) Kuntze, DeVore 1284 (OS, OSH,



