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The woody Astereae utilized in this study account for
more woody species than have been, or will be, studied in
connection with any other single tribe of Compositae. The
abundance of wood samples available for Astereae is not
the result of a large number of woody genera. Indeed, the
Heliantheae or Mutisieae possess larger nuinbers of woody
genera. The bulk of Astereae studied here are representa
tives of only a few genera: Baccharis, Chrysothamnus,
Haplopappus, and Olearia. These large genera, many species
of which are woody, have permitted an emphasis on patterns
of wood evolution within genera as well as within the tribe
as a whole. The Astereae, more than any other tribe, offer
a clear picture of the parallelisms in wood evolution which
are so abundant in Compositae, and which complicate
analysis in terms of systematic relationships. On these
accounts, Astereae may be considered a module, albeit with
its own special features, of wood evolution in a highly
specialized family.

Despite the abundance of woody species in Astereae, a
remarkable paucity of literature concerned with wood
anatomy of members of this tribe exists. Metcalfe and Chalk
(1950) refer to a few characteristics in the genera (no
species given) Baccharis, Ericameria (treated here under
Haplopappus), and Olearia. Webber (1936) offers a very
limited amount of data for Chrysothanmus nauseosus ssp.
mohavensis and Aster carnosus. In a semi-floristic study, the
writer (1958b) offered full descriptions of the woods of
Baccharis angustifolia, B. halimifolia, and Haplopappus
phyllocephalus var. megacephalus. Because some genera of
Astereae have been considered close to, or referable to

‘This research was supported by a grant from the National Science
Foundation, NSFG—5428. The writer wishes to express sincerest
appreciation for this aid, which is permitting completion of studies on
wood anatomy of Compositae and related families.
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Heliantheae, the writer (1958a) included Eastwoodia elegans
and Grindelia stricta ssp. procumbens in his study on wood
anatomy of that tribe. Unfortunately the organization of
tabular material in that paper appears to group these two
species under the heading “Ambrosiinae.” The two species
were merely included at the end of the table, and should
have been set off by themselves. Textual reference makes
it clear that at no time did the writer consider them as mem—
hers of Ambrosiinae; the evidence of the present study
suggests, in fact, that they are best treated under Astereac.
Because tabular data on these two taxa has already been
given, they are not included here in table 1. Hardly any
material other than the references cited above gives anything
but the most scanty data on wood anatomy of Astereae.

New World woody Astereae are mostly shrubs character
istically found in semi-arid or arid habitats. In this category
may be included Baccharis (North and South America).
Haplopappus (North and South America), Chrysothamnus
(North American deserts), Gutierrezia (southwestern U. S.,
Mexico, South America), and Lepidosparturn (southern
California). Some of these genera (Baccharis, Chrysothamnus,
Haplopappus) include herbs as well as woody plants, and
some species which must be termed herbs (Aster, Conyza,
Grindelia, Heterotheca, and Solidago) have been included
in this study because sufficient xylem was available. Conyza
canadensis and Heterotheca grandiflora are annuals.

Among the Old World genera, Olearia is outstanding in
its number of species and in its diversity of habit. Although
some species are herbaceous, most are shrubs or trees. Some
of the latter are small trees of a definite arboreal woody
habit. Although Olearia is best represented in Australia and
New Zealand, a few species occur on other South Pacific
islands. Tetramoloplum humile is an alpine, mat-like, peren
nial herb which occurs on the Hawaiian Islands, as do other
species of that genus. Psiadia rotundifolia is one of the
several curious extinct or vanishing endemic arboreal Corn—
positae of St. Helena Island. Likewise, Remya rnauiensis, one
of two species of this endemic Hawaiian genus, is a shrub
of great rarity from the rain forests of Maui.
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MATERL4LS AND ACKNOWLEDGMENTS

Wood samples from several sources were utilized for this
study. The bulk of the material was provided from the
Samuel J. Record collection of Yale University through
the kindness of Dr. William L. Stern, formerly of that insti—
tution. Material of Australian species of Olearia i’as fur
nished by Dr. H. D. Ingle of the Division of Forest Products,
Commonwealth Scientific and Industrial Research Organi
zation, South Melbourne, Australia. Dr. H. R. Orman of the
New Zealand Forest Service, Whakarewarewa, New Zea
land, sent samples of Olearia species in that region. The
sample of Grindelia cuneifolia was provided by the late Mr.
Thomas G. Robbins, staff member of the Jepson Flerharium,
University of California, Berkeley. The generosity of these
individuals is gratefully acknowledged. A number of addi
tional samples were collected in the field by the writer,
since woody Astereae arc abundant in southern California.
Still other samples were derived from specimens cultivated
in the Rancho Santa Ana Botanic Garden, or from her
barium specimens. In table 1, specimens are identified by
(1) collector’s name and number, if such were known, to
gether with the herbarium abbreviation according to Lan
jouw and Stafleu (1959); and (2) wood collection numbers.
cited in accordance with the abbreviations of Stern and
Chambers (1959). Nomenclature of species which occur in
the California flora follows that of Munz and Keck (1959);
this has influenced treatment of other species (e.g., segregate
genera of Haplopappus are not recognized). Most of the
sections for this study were prepared by Mr. Charles F.
Quibell or Mr. Alfred G. Diboll.

METHODS

Methods of preparation are the same as those described
earlier by the writer (1958a). A set of slides of the species
studied here has been sent to the Division of Woods, Smith
sonian Institution, Washington, D. C.



Fig. 1—4.—Fig. 1, 2. Baccbaris angustifolia.—Fig. 1. Transection. Note
band of thick-walled fibers, prominent zones of parenchyma around
vessels was well as apotracheal parenchyma.—Fig. 2. Tangential section.
Note wide zone of parenchyma at right of vessel—Fig. 3, 4. Raccharis
rosrnarinifolia.—Fig. 3. Transection. Note zonation of vessels in rings
and patches.—Fig. 4. Tangential section, showing storied fibers. All,
)< 65.
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ANATOMICAL DESCRIPTIONS

Table 1 contains a summary of characteristics considered
to be significant in comparing species of Astereae with each
other and with other Compositae. Features difficult to sum
marize in chart form, or which occur in a few species only,
are discussed under appropriate histological headings below.

Explanation of symbols in table 1:
cb = coarse bands on vessel walls
cg = continuous grooves, i.e., grooves which form

extended helices around vessel walls
f = libriform fibers

fb = fine bands on vessel walls
g = grooves interconnecting two or several pits

in a helix
my = more numerous vessels

p = axial parenchyma
r = vascular rays

tf = thin-walled fibers
v = vessel elements

Vt = vascular tracheids
wv = wider vessels
+ = present, characteristic
— = present to a limited extent

0 = absent

VESSELS

I)imensions.—A figure for average diameter of vessel
elements is given in table 1. .‘Vhere vascular tracheids occur,
this figure is naturally very difficult to determine. Measure
ments of vessel-element width were made at the widest
point, and included the wall of vessels seen in transection.
The figure for average vessel diameter illustrates the rela
tively small diameter of vessels in most Astereae: species
in which the average diameter is less than 50 are in the
majority. This contrasts with Cichorieae (Cariquist, 1960),
hut not with Helenieae (Cariquist, 1959). If the diameter
of the widest vessel is determined (first column, table 1),
this figure is found to reflect the average diameter hut also
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Table I. WooD CHARACTERS n AsrEiuAR

SPECIES

Aster spinosus Benth.
Baccharis angustifolia Michx.
B. cassiniaefolia DC.
B. concava Pers.
B. glomerulifolia Pers.
B. halimifolia L.
B. halirnifolia L.
B. halimifolia L.
B. halimifolia L.
B. lanceolata H.B.K.
B. myrsinites (Pers.)Lam.
B. sicglecta Britt.
B. obtusifolia H.B.K.
B. patagonica H.&A.
B. pilularis DC. ssp.

consanguinea (DC.) C. B. Wolf
B. Plummerae Gray
B. polyantha H.B.K.
B. rosmarinifolia H.&A.
B. sergiloides Gray
B. thesioides H.B.K.
B. viminea DC.
Chrysothamnus latisquarnaeus (Gray)

Greene
C. nauseosus (Pall.)Britt. ssp.

consimilis (Greene)Hall & Clem.
C. nauseosus (Pall.) Britt. ssp.

consimilis (Greene) Hall & Clem.
C. paniculatus (Gray)Hall
C. teretifolius (Dur.&Hilg.) Hall

COLLECTION

Detweiler 36 (F) (Yw-26691)
Stern& Chambers 250 (Y,RSA) (Yw-51462)
Rimbach 837 (Y) (Yw-34188)
(Yw-34037)
MacDonald 5267 (Y) (Yw325o4)
Stern & Brizicky 263 (Y,RSA) (Yw-5 1101)
Stern & Brizicky 292 (Y,RSA) (Yw-51122)
Stern & Brizicky 398 (Y,RSA) (Yw-51199)
Stern & Brizicky 424 (Y,RSA) (Yw-5 1219)
(Yw-16940)
(Yw-7262)
Wilson 1477 (F) (Yw-50570)
Rimbach 156 (Y) (Yw-24095)
(Yw-1770)
Carlquist 492 (RSA)

Wolf 4404 (RSA)
(Yw-16910)
(Yw-49852)
Carlquist 430 (RSA)
Detweiler 32 (Y) (Yw-14757)
Cariquist 289 (RSA)
Derweiler 22 (F) (Yw-26677)

Cariquist 436 (RSA)

Wolf 2506 (RSA)

Balls & Everett 23177 (RSA)
Cariquist 329 (RSA)
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— Ci)

C

76. 30.7 3.27 216 302 g 0
76. 43.2 1.52 181 291 cg,fb 0
120 73.4 2.32 270 522 cg,fb 0
108 40.2 223 263 cb inv,wv,tf
97 33.1 143 246 fb 0
85 44.5 2.07 214 223 g,fb 0
86 35.6 3.73 208 319 g,fb wv
76 45.7 3.03 184 365 g,fb wv
76 46.4 1.77 204 416 g,fb 0
43 18.0 co 192 313 cb wv
59 39.4 2.06 276 535 cg,fb 0

130 38.5 o 174 277 cg,fb wv
54 22.4 o 217 274 cg,cb 0
59 26.1 176 278 cb rnv,wv
86 37.8 6.10 135 320 cg,fb my

76 33.9 4.73 164 265 fb
97 49.5 3.39 199 369 fb
86 40.5 3.11 178 201 cb
67 35.8 4.27 128 248 fb

115 39.1 o 174 313 Cl)
92 32.2 184 283 cb
88 34.3 135 188 0

97 36.8 55 250 0

75 32.7 132 369 0

86 25.5 o 126 254 fb
78 38.2 oc 124 191 fb

0 .65 193 0
p,f .26 90 +
0 .21 129 +

p,fp .24 92 +
v,vt,v,f .30 119 +

v,p,f .32 158 ±
v,vt,p,f .28 148 +

v,p,f .50 145 +
0 .32 114 +

v,p,f .28 92 +
v,p,f, .23 146 +

p .38 54 +
v,vt,p,f .28 131 +
v,vt,f .17 62 +

v,p .25 61 +

0 .41 101 +
0 28 79 +

v,vt,p,f .41 94 +
v,vt,p,f .30 92 +
v,vt,p,f .53 64 +

f .45 96 +
v,vt,p 1.14 +

+

+

wv v,vt,p .74 +
WV v,vt,p,f .75 100 +

No. 113 59

I
+ 2.33
— 30.0
0 2.54
0 2.31
0 3.07

— 2.66
0 2.32
0 2.72

— 2.54
+ 2.60
+ 2.08
0 3.15
— 2.14
0 2.44

— 2.94

+ 2.78
+ 3.04
0 3.66

2.60
0 4.14

— 3.08
0 5.36

o 7.24

0 9.65

—5.04
0 3.85

rnv,’wv
0

WV,p

0
WV

WV

WV

wv v,vt,p,f .69

WV V,Vt, .61
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Table 1—Continued

SPECIES

Conyza canadensis (L.) Cronq.
Grindelia cuneifolia Nutt.
Qutierrezia microcephala (DC.) Gray
0. microcephala (DC.) Gray
Haplopappus acradenius

(Greene)Blake
H. cams (Gray)Blake
H. ericoides (Less.)H.&A.
H. laricifoliux Gray
H. martirensis Blake
H. Parishii (Greene)Blake
H. phyllocephalus DC. var.

megacephalus (Nash)Hall
I-I. pinifolius Gray
H. squarrosus H.&A. ssp.

grindelioides (DC.) Keck
H. venetus (H.B.K.) Blake ssp.

vernonioides (Nutt.)Hall
H. Watsonii Gray
Heterotheca grandiflora Nutt.
Lepidospartum squamatum

(Gray) Gray
Olearia argophylla F. Muell.
0. argophylla F. Muell.
0. argophylla F. Mud.
0. argophylla F. Mud.
0. argophylla F. Mud.
0. avicenniaefolia Hook. f.
0. Cunninghamii Hook, f.
0. furfuracea (A.Rich.)Hook. f.

Carlquist 619 (RSA)
Robbins 3941 (JEPS)
Johnston VIII-31-1924 (POM)
Carlquist 630 (RSA)
Cariquist 431 (RSA)

Carlquist 455 (RSA)
Balls 21446 (RSA)
Jones IV-14-1903 (POM)
Wiggins & Demaree 4893 (POM)
Balls 19779 (RSA)
Stern & Brizicky 342 (Y,RSA) (Yw-5 1261)

Cariquist 491 (RSA)
Balls & Everett 18555 (RSA)

Cariquist 495 (RSA)

Garratt, 1919 (Yw-4888A)
Cariquist 618 (RSA)
Carlquist 621 (RSA)

McVaughcen 163 (A) Aw-21632)
(FPAw-2000)
(FPAw-4216)
(FPAw-6115)
(Aw-21634)
(FPAw-12072)
(Aw-3455J)
Hambling 54 (Y) (Yw-50347)

COLLECTION



Fig. 5—8—-Fig. 5. Baccbaris patago?IiCa, transection. Note growth rings
beginning hCIO\V center, prominent aggregations of vessels—Fig. 6.
Raccl,aris siiyrsi’niteS. tangential section. Rays are narrow and vaguely
storied, as are ibers.—Fig. 7, 8. Baccbaris /mceolafa.—Fig. 7. Transection.
Note two growth rings helo\v center-—Fig. 8. Tangential section.
Filiers are storied, although somewhat irregularly All, x 65.
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Table 1—Continued

0
2.64 132 276 g

cc 145 275 cg,fb
oc 182 263 g,fb
00 148 274 0

00 137 298 0
169 278 g,cg

cc 135 319 g,fb
cc 153 231 g,cb
co 182 341 g,fb

3.22 114 224 0

72 32.1 cc 160 248 g
84 35.2 2.17 123 270 g

65 28.8 4.00 132 154 0

62 27.0 00 106 210 0
87 49.2 3.50 176 386 0

135 49.9 cc 164 346 0

97 60.3 2.11 163 205 g,fb
92 445 2.78 331 415 g,fb
86 55.8 2.30 229 258 g,fb
81 49.7 2.50 260 313 g,fb

112 66.7 2.06 269 302 cg,fb
85 35.0 cc 204 239 cb

119 60.0 3.03 310 403 0
92 29.4 oc 219 261 cb

61

0
0

WV

WV

my

84
75
43 25.6
54 27.6
75 26.8

86 29.8
75 36.4
65 28.3
65 28.9

129 39.1
53 27.3

0 .79
Vt .52
Vt .88
0 1(X)

0 35
v,vt,p 1.32

0 1.35
v,vt,p,f .64

v,p,f .92
0 .46

+ + 3.12
+ + 5.91
+ + 3.06
+ + 3.44

60 + + 4.15

83 + + 2.24
+ + 4.24
+ + 4.88

137 + + 2.82
+ 0 5.12
— + 4.60

WV,

WV

WV

mv,p

flV,”.v

0 78

mv,p 0 .82 84 + — 5.29
• 0 .39 76 + + 3.72

wv,f 0 .69 + + 5.29

wv 0 .57 + + 5.27
0 0 .3960+ + 3.00

wv v,vt 1.79 + + 4.64

0 v,p,f .29 + + 4.08
if v,p,f .48 73 + + 3.28
0 v,p,f .42 100 + + 2.95
0 v,p,f .41 83 + + 3.75

p,tf v,p,f .64 95 + + 3.62
wv v,vt,p,f .31 49 + (1 3.16
0 v,p,f .28 + — 3.49

wv v,p,f .28 + — 4.20
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Table 1—Cornrmed

0. ilicifolia Hook. f.
0. ilicifolia Hook. f.
0. lacunosa Hook f.
0. Muelleri Benth.
0. nitida Hook. f.
0. nummularifolia (Hook.f.)Hook f.
0. pachyphylla Cheesem.
0. paniculata (Forst.)Cheesern.
0. paniculata (Forst.) Cheesem.
0. pimeleoides Benth.
0. rani (Cunn.) Druce
0. rani (Cunn.)Druce var.

colorata (Col.)T. Kirk
0. Solandri Hook. f.
0. teretifolia F. Much.
0. virgata Hook f.
Psiadia rotundifoHa Hook. f.
Remya mauiensis Hillebr.
Solidago spathulata DC.
Tetramoloplum humile Hillebr.

(A-2612J)
J. M. Harris s.n. (WZw)
J. M. Harris s.n. (WZw)
(FPAw-9745)
(Aw-2610J)
Hambling 5 (Y) (Yw-50350)
Hambling 62 (Y) (Yw-50350)
J. M. Harris s.n. (WZw)
(Yw-48145)
(FPAw-6091)
J. M. Harris s.n. (WZw)
Hambhing 30 (Y) (Yw$0348)

(Aw-2613J)
(FPAw-9747)
J. M. Harris s.n. (WZw)
(Yw-29783)
Forbes 2267M (BISH) (Yw-26360)
Balls 19753 (RSA)
Cariquist H18 (UC)

SPECIES COLLECTION
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to suggest the upper extreme. Thus, only the following
species had any vessels which exceeded 100 in diameter:
Baccharis cassiniaefolia, B. concava, B. neglecta, B. thesi
oldes, Haplopappus Parishii, Lepidospartum squamatum,
Olearia argophylla (one collection), 0. Cunninghamii, 0.
ilicifolia, 0. nitida, 0. rani, 0. rani var. colorata, 0. irgata
(fig. 23), and Psiadia rotundifolia (fig. 27). In five species
the widest vessel diameter was less than 50: Baccharis
lanceolata (fig. 7, 8), Gutierrezia microcephala, Olearia
14uelleri, 0. pimeleoides (fig. 21, 22) and Tetramolopium
humile (fig. 9, 10). Many Astereae, as the list of species
below which possess vascular tracheids suggests, possess
vessels which grade down to very narrow widths.

With respect to vessel-element length, a surprising num
ber of species have an average element length of less than
15Oi, and very few exceed 3OOL in average element length.
Certainly the tribe contains no species, as do Fleliantheae and
Mutisieae, in which the vessel-element length averages more
than 400. The shorter vessel elements of Astereae may be
ascribed to the higher phyletic position of this tribe in
Compositae or to the fact that many of the species may have
shown accelerated specialization with respect to more arid
habitats. Certainly extremely small size of vessel elements,
as in Tetramolopium humile (fig. 9, 10) seems related to the
alpine conditions under which that species lives.

Related to diminution in vessel diameter is the frequency
of vascular tracheids. Also, vascular tracheids seem fre
quent in woods in which large groupings of vessels—some
of which are narrow—are present (fig. 7, 21, 23). Vascular
tracheids were noted in the following species: Baccharis
angustifolia, B. glomerulifolia, B. halimifolia, B. lanceolata,
B. obtusifolia, B. patagonica, B. rosmarinifolia, B. sergiloides,
B. thesioides, Chrysothanmus latisquarnaeus, C. nauseosus
spp. consimilis (fig. 13, 14), C. paniculatus, C. teretifolius
(fig. 15), Gutierrezia microcephala, Haplopappus ericoides,
H. martirensis, H. Parishii, H. venetus ssp. vernonioides,
Lepidosparturn squamatum, Olearia avicenniaefolia, 0. num—
inularifoha, 0. pirneleoides (fig. 21, 22), 0. teretifolia, 0.
•virgata (fig. 23, 24), and Tet’rarnolopiwn humile (fig. 9, 10).



Fig. 9—12——Fig. 9, 10. 7etramolopii/n7 Jiumile._Fig. 9. Transection.
\unierous narrow vessels and vascular trachcids arc prcsent.—Fig. 10.
langential section. Nearly all elements in the axial portion of the xvleni

arc vessel elements or vascular trachcids.—Fig. II, 12. Grindelia stricta
ssp. procum/ens.—Fig. 11. Transection. ote tendency toward radial
arrangement of vessels—Fig.12. langential section, showing absence of
nniseriate rays, and non—storied, thin—walled fibers. All, x 65.
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Pitting.—Dirnensions of pits were measured for each
species, although these figures do not appear in table I.
Diameter of the pit cavity of intervascular pits proved to
be between 4 and 6 for most species. Exceptionally small
pits (ca. 3) were observed in Baccharis myrsinites, B. piiv
loris, Chrysotbamnus paniculatus, Haplopappus canus, H.
megacephalus, and Olearia Muelleri. Pits of Psiadia rotundi
folio measured about in diameter. Exceptionally large pits
(ca. 7 in diameter) were observed in Chrysothamnus latis
quarnaeus, Olearia Cunningharnii (fig. 36), 0. nitida, and 0.
paniculata. Intervascular pits in Compositac are typically
circular, alternately arranged, and with an oblique elliptical
nperture, the long axis of which is only slightly shorter than
the diameter of the pit cavity. Pit apertures on some vessels
in the genera Chrysothamnus and Lepidospartum, however,
are circular, and are thus reminiscent of coniferous bordered
pits. In addition, some pit apertures in Lepidospartum have
apertures which form shallow grooves longer than the
diameter of a pit cavity, but not extending to other pits on
the wall.

Helical sculpture.—As table 1 shows, Astereae are excep
tional among Cornpositae in the degree to which helical
sculpture in vessels of the secondary xylem is represented.
There are a number of cases in which shallow grooves.
formed on the innermost face of the pit aperture, connect
two or more pits adjacent in a helix. Such a condition,
denoted by “g” in table 1, is found in Olearia Cunninghamii
(fig. 36) and has been figured earlier by the writer for
Hymenoclea salsola (1958a) and Pluchea odorata (1958h).
Because of seemingly transitional cases, and for reasons of
close taxonomic affinity, the type just described seems related
to a more elaborate type of sculpture in which pairs of fine
hands or ridges are present, usually one ridge on either side
of a groove interconnecting pits. This latter type of sculp
ture is figured here for Olearia argophylla (fig. 37), and in a
more prominent form, where the fine bands form continu
OUS helices, for Baccharis angustifolia (fig. 34) and Haplo
pappus laricifolius (fig. 40). These fine bands, ifiustrated
earlier by the writer (1958a) for Eastwoodia elegans, sug
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gest that that genus is best regarded as a member of
Astereae, at least in this one respect. A somewhat different
form was illustrated (1 958a) for Wilkesia gymnoxiphium.
Progressive specialization in helical sculpturing seems to
lead to a final type, that in which coarse bands are present.
These conspicuous bands are of about the same number as
the helices of pits on a vessel wall, and seem to run benveen
them. Such coarse bands were observed in many species,
such as Baccharis patagonica (fig. 35), and Olearia pachy
phylla (fig. 38). They have been illustrated for other Corn
positac, such as Flotovia leiocephala (Carlquist, 1957). The
curious feature which Astereae illustate so clearly is that
in large genera, such as Baccharis and Olearia, all these types
of helical sculpture, as well as complete absence, may occur
in a single genus. This fact suggests that helical sculpturings
do represent a specialization from a non-sculptured con
dition (in agreement with Tippo, 1938), that the various
types are progressive modifications of each other, and that
transition to the most specialized type is probably rapid, in
an evolutionary sense. Acquisition and modification of these
spirals has probably occurred many times in Compositae. as
it seems to have in dicotyledonous families at large (I. ‘\V.
Bailey, personal communication).

Perforation plates._Despite the abundance of bizarre
multiple-perforation plates in certain other Compositae, such
as Cichorieae (Cariquist, 1960), they are conspicuous lv
absent in Astereae. In only one instance (Grindelia cunci
folia) was anything but a simple suhcircular perforation plate
seen, in the instance mentioned, a single bar bisecting the
perforation was seen on a single perforation plate. If the
bizarre multiple perforation so common in Compositae is in
fact an alteration of the scalariform perforation, absence of
them in Astereae might argue for a greater degree of special
ization in woods of this tribe.

Grouping.—Astereae show a remarkable diversity both in
extent and patterns of vessel grouping. Because increase in
grouping of vessels has been considered a specialization
(e.g., Tippo, 1938), this feature assumes great importance
in Astereae. As table 1 shows, Astereae are distinctive in the
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great number of species which possess groupings of very
numerous (“os”) vessels. In some of these, early wood may
exhibit smaller numbers of vessels per group, whereas late-
wood, where vessels are smaller, have the extremely large
groupings. Species with this condition include: Bacchoris
thesloides, B. virninea, Chrysothamnus (all species), Gutier
rezia microcephala, Haplopappus acradenius, H. canus, H.
martirensis, H. Parishii, H. pinifolius, H. Watsonii, Lepido
spartum squarnatum, Olearia avicenniaefolia, 0. furfuracea,
0. nummularifolia, 0. paniculata, 0. rani, 0. teretifolia, and
0. virgata (fig. 23). The remaining species with large vessel
groupings have such large groups throughout the entire
xylem.

Mostly solitary vessels, shown in fig. 17 for one collection
of Olearia argophylla, are, in fact, exceptional in Astereac.
Aggregation of a few vessels may take the form of clusters,
as in Baccharis angustifolia (fig. 1). Larger clusters are illus
trated by Olearia paniculata (fig. 25). Tendency toward
formation of radial rows is shown by one collection of
Olearia argophylla (fig. 19), Grindelia stricta ssp. procum
bens (fIg. 11), and Psiadia rotundifolia (fig. 27). Formation
of tangential aggregations of vessels is suggested by Baccharis
rormarinifoiia (fig. 3), and more prominently, Olearia
Sokindri (fig. 16) and Chrysothamnus nauseosus ssp. con
similis (fIg. 13). Large aggregations of vessels often take a
zig-zag or diagonal form, both in Baccharis and Olearia.
Illustrations of this condition are furnished by Baccharis
patagonica (fig. 5), and in a more extreme form, B. lanceolata
(fig. 7). The beginning of diagonal patches is suggested in
Olearia paniculata (fig. 25), but is more prominently repre
sented in other Olearia species: 0. pirneleoides (fig. 21) and
0. virgata (fig. 23). The most extreme expression of vessel
aggregation is the abundance of vessels to the virtual exclu
sion of other axial cells, with the exception of parenchyma.
Tetrarnolopium humile (fig. 9, 10) possesses few libriform
fibers; most of the axial portion of the xylem consists of
narrow vessels and vascular tracheids. These prominent
tendencies toward vessel aggregation exceed those in other
groups of Compositae, as figures on vessels per group in
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the writer’s earlier papers have shown and such figures in
forthcoming papers will also indicate.

LIBRIFORM FIBERS

Figures for length of libriform fibers are given in table 1.
As might be expected, the average length of libriform fibers
in any given species exceeds that of vessel elements. Libri
form-fiber dimensions are variable within a species, as the
two collections of Olearia argophylla (fig. 17, 18; fig. 19,
20) show. In fig. 17 and 18, extremely short, wide fibers,
some of which are septate, are illustrated. These contrast
with the narrow, long, thicker-walled fibers shown in fig.
19 and 20. Zones of axial parenchyma cells which appear like
short, wide, thin-walled fibers are shown for Baccharis
angustifolia (fig. 1, 2), and Psiadia rotundifolia (fig. 27, 28).
Such “dimorphic fibers” were also observed in Olearia
furfuracea. Special features of libriform fibers which deserve
mention include instances of very thin walled fibers. This
feature occurs in several collections of Olearia argophylla,
such as that shown in flg. 17. Baccharis neglecta is notable
for its rings of very thin-walled fibers. Especially thin-walled
fibers (walls down to in thickness) characterize the
genus Grindelia (fig. 11, 12), and Conyza canadensis. Mostly,
fiber wails of Astereae range between 2 and 5,.2. in thickness.
Particularly thick walls (6 or more in width) were ob
served in Baccharis concava, B. lanceolata (fig. 7, 8), Chryso
thamnus latisquamaeus, Gutier’rezia microcephala, Haplo
pappus laricifolius, Olearia paniculata (fig. 25, 26), 0.
pirneleoides (fig. 21, 22), 0. rani, and Psiadia rotundifolia
(fig. 27, 28). in width, libriform fibers of most Astereae
range between 20 and 35. Exceptions to this includes cases
of extremely narrow fibers (averages given in parentheses):
Baccharis lanceolata (1 3), Haplopappus phyllocephalus var.
megacephalus, (l4.6), H. pinifolius (17.5p.) and Olearia
Muelleri (1 5.8k). Most species of Baccharis and Haplopappus
do not exceed 22i in average fiber width. Exceptionally wide
fibers (more than 35) occur in the following species:
Grindelia cuneifolia (39.8), Olearia argophylla (45.9 in
the collection illustrated in fig. 17; 35.9.t and 38.9, in two



Fig. 1 3—16.-_--Fig. 13, 14. Chrysothamnus nauseosus ssp. consinnlis Vol
2O6.—Fig. 13. Transection. Note end of growth ring, left, prominent
aggregation of vessels and vascular tracheids.—1ig. 14. Tangential see—
non. I arge iriultiseriate rays are present cxclusively.-_lig. 15. Cbrso
thamnus teretifolius, tangential section. Narrow multiscriate rays are
present exclusivelv.—_Fig. 16. Olearia Solandri, transection. Vessels tend
to be aggregated into tangential bands. All. x 65.
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other collections, respectively), and 0. Cunningharnii
(37.7).

Because of their staining reactions and shrinkage, libri
form bers in Baceharis pilularis and both species of Grin-
delia examined may be termed gelatinous. Septate fibers arc
abundant in 0. Cunningharnii.

AXIAL PARENCHYMA

Apotracheal parenchyrna.—Attention has been called in
earlier papers to the occurrence in Compositae of bands of
short prosenchylnatous elements which must be termed axial
parenchyma. These bands are particularly characteristic of
certain Heliantheae (Cariquist, 1 958a). Such bands have been
noted for the Astereae Baccharis angustifolia and B. halimi
folia (Carlquist, 1958b). Parenchyrna bands which must be
termed marginal parenchyma occur in Baccharis polyantha,
B. rosmarinifolia, B. sergiloides, Haplopappus canus, and
Psiadia rotundifolia (fig. 27). Partial bands of axial paren
chyma, like the axial parenchyma which is paratracheal in
distribution, occur in apotracheal bands in Baccharis halimi
folia. Such parenchyma bands, in which there are transitions
between apotracheal and paratracheal, have been figured by
Metcalfe and Chalk (1950) for Baccharis tucumanensis. Such
paren.chyma distributions are characteristic, to some degree,
of all of the species of Baccharis. Occurrence of bands of
apotracheal parenchyma in Astereae appears to be related,
at least to some degree, to occurrence of abundant vasicen
tric parenchvma (e.g., Psiadia rotundifolia, fig. 27).

A feature of considerable interest is the occurrence in
axial portions of xylem of some species of a number of
scattered cells, like fibers in dimensions, which histologically
must he termed parenchyma cells. These cells are thin-
walled, unlike fibers, and have contents identical to those of
paratracheal parenchyma cells. Designation of such cells as
diffuse parenchyma seems unavoidable. Examples of these
diffuse parenchyma cells are shown for Baccharis rosmarini
folia (fig. 29, lighter-appearing cells, above and left; note
similarity to paratracheal parenchyma) and Olearia pirnele
oldes (fig. 30, dark-staining cells, above). According to the
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theories of Kribs (1937), diffuse parenchyma is best re
garded as a primitive, unspecialized type from which both
paratracheal and apotracheal types have been derived. This
conclusion was reached from a study of dicotyledons as a
whole, and cannot be expected to apply to occurrence of
diffuse parenchyma in a few specialized species in a highly
advanced family. All other Compositae examined thus far
lack diffuse axial parenchvma, including the genera best
regarded as relatively primitive in the family. Diffuse paren
chyma in Compositae, therefore, seems’ an exceptional and
isolated case of origin of diffuse parenchvnia de novo.
Because axial parenchvma cells and libriform fibers have
the same origin, from fusiform cambial initials, this does not
seem an unlikely interpretation, few derivatives of fusi
form cambial initials could mature into parenchvma cells
instead of libriform fibers. Other species in which diffuse
parenchyma of this sort was observed include Bacchari,c
cassiniaefolia, B. concava, B. glomerulifolia, B. halirnifolia
(Stern & Brizicky 398), B. patagonica, and B. pilularis.

Paratracheal parenchyrna.—Compositae typically possess
scanty vasicentric parenchyma. In the majority of Astereae,
this is also true. Relatively abundant vasicentric parenchvma
characterizes Baccharis angustifolia (fig. 1), B. glorneruli
folia, B. halirnifolia, B. poly antha, Haplopappus pinifolius,
and Psiadia rotundifolia (fig. 27). Extremely scanty para—
tracheal parenchyma, on the contrary, characterizes the
genus Chrysothamnus. By token of the extreme abundance
of vessels and vascular tracheids, paratracheal parenchyma
could be said to be very scanty in Tetramolopiurn humile
(fig. 9). Kribs (1937) has hypothesized a trend from scanty
to abundant paratracheal parenchyma. Thus, the species of
Baccharis, Haplopappus, and Psiadia listed above might be
considered advanced for the tribe. Reduction to a minimum
of parenchvnia, particularly in such a specialized genus as
Chrysothamnus, might also well be regarded as advanced.

TYLOSES

No tyloses were observed in woods of Astereac.
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VASCULAR RAYS

Types.—In Astereae, rays may be (1) both multiseriate
and uniseriate; or (2) multiseriate only. These two classes
are denoted in table 1 by the fact that no figures are given
for uniseriate ray height in those species which lack such
rays. Relative abundance of multiseriate and uniseriate rays
both proves to be a distinctive feature. For example, in all
species of Baccharis, uniseriate rays are as frequent as, or
only slightly less abundant than, multiseriate rays. Uniseriate
rays are rare or absent in all species of Olearia but 0. panicii
lata, 0. rani, 0. rani var. colorata, 0. Solandri, and 0.
teretifolia. In Lepidospartum, Chrysothamnus and Gutier
rezia, multiseriate rays are present exclusively, or nearly so.
Uniseriate rays are more abundant than multiseriate rays in
Aster spinosus and Rernya maulensis.

Dimensions.—Table 1 contains data on height of multi-
senate and of uniseriate rays, and width of rays. Both
heights and widths of rays prove interesting systematic
criteria, mostly useful at the species level, but occasionally
also for generic distinctions. The markedly wide rays of
Tetramolopium (fig. 10) and Grindelia (fig. 12) are distinc
tive, and may be related to the herbaceous habit of these
perennials. The potential value of ray width for taxonomic
purposes is illustrated by comparison of pairs of species of
Baccharis (fig. 2, fig. 6), Chrysothamnus (fig. 14; fig. 15)
or Olearici (fig. 22; fig. 24). A number of Astereae in which
uniseriate rays are scarce possess mostly uniseriate rays only
a single cell in height. Examples of this phenomenon include
Haplopappus acradenius and H. canus. As a generalization,
one may say that such uniseriate rays are abundant in those
species for which the average height of uniseriate rays is
less than l00.

Histology .—Variation in ray-cell shape in Astereae is
between square and procumbent cells, or between square
and erect cells, or both. If one accepts the often repeated
dictum (e.g., Committee on Nomenclature 1957) that square
cells are morphologically equivalent to erect cells, only three
species of Astereae, Aster spinosus, Remya mauiensis, and
Tctramoiopiztm hurnile, may be considered to have homo
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cellular ray tissue. This treatment may well be the best one
in terms of dicots at large, but in Compositae the most
meaningful subdivision is produced by citing occurrence of
crect versus procumbent, or both types of cells. Square
cells (“isodiametric”) are nearly universal in Compositac.
but erect cells are not. Some skepticism concerning the doc
trine of morphological equivalence of square and erect cells
would probably be healthy. However, using the scheme of
table 1 (“Ray cells isodiametric to procumbent” and “Ray
cells isocliametric to erect”) one finds some interesting dis
tinctions. Baccharis, for example, characteristically has pro
cumbent rays cells, and erect ray cells at wings or margins of
the ray are rare or lacking, as they are in Chri’sothamnus.
Olearia contains both types. Olearia Muelleri is distinctive
in presence of erect cells to the near exclusion of procum
bent cells. Olearia paniculata and Psiadia rotundifolia have
procumbent cells exclusively. Most species of Haplopappus
have both erect and procumbent ray cells, although H.
Parishii and H. pinifolius are distinctive in their lack of
erect cells.

Species in which erect cells, similar to libriform fibers in
shape, sheath the ray, may offer difficulty in that precise
limits of a ray are not easy to determine. For example, the
rays in Olearia argophylla (fig. 18) are probably partially
sheathed by erect cells. The very narrow ray cells in some
species of Chrysothamnus (fig. 14) are distinctive. Particu
larly thick-walled ray cells characterize the genera Chryso
tl,aninus and Gutierrezia.

PERFORATED RAY CELLS

The phenomenon of perforated ray cells, that is, vessel
elements formed from ray initials, has been surveyed by
Chalk and Chattaway (1933). They record no instances of
this phenomenon in Cornpositae, although the variety of
groups in which they do report perforated ray cells suggests
that occurrence in Compositae would not be unexpected.
Perforated ray cells which are identical with ray cells in
shape and size were found in Conyza canadensis (fig. 39)
and Haplopappus laricifolius (fig. 40). An interesting aspect




































