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INTRODUCTION

The tarweeds (Compositae, tribe Heliantheae, subtribe Madinae) are one of the
best-known groups of western plants from the aspects of gross morphology, cytology,
and genetics. I have desired to complement this body of information with studies on
the anatomy of the subtribe so that a more adequate picture of variation and evolution
in this remarkable group could be obtained. The anatomical diversity of the Madinae
is, in fact, no less interesting than the variation patterns in cytological, genetical, and
morphological characters. The latter features lend themselves well to studies of speci-
ation, whereas the anatomical characters evidence trends in the development of genera
or criteria for defining the group as a whole. In a number of instances, species dif-
ferences are also revealed by anatomical studies. The primary focus of this study is
the definition of the subtribe and its genera, and the exposition of phyletic tendencies
within the Madinae by combination of anatomical data with that of other disciplines.
In order to attain such a picture, the full range of variation in all characters must be
obtained. Consequently, detailed information is given below, rather than salient
examples of particular trends.

In a series of three papers (Carlquist 1958b, 1959a, 1959b) the nature of glandu-
lar trichomes and appendages has been described. The latter two papers also include
studies on leaf anatomy in the genera Calycadenia and Holocarpha. Other contribu-
tions deal with leaf anatomy of two genera of Hawaiian Madinae, Argyroxiphium
and Wilkesia (Carlquist, 1957a) and with the vegetative anatomy of Hawaiian
Madinae as a whole (Carlquist, 1959¢). Wood anatomy of certain Madinae was
considered separately in an carlier paper (Carlquist, 1958a). The present paper
completes these studies by providing data on vegetative anatomy of the Pacific Coast
Madinae, anatomy of involucres and floral histology of the entire subtribe, and
chromosome numbers not hitherto reported. The constitution of Madinae as expressed
here does not correspond to that of other authors, and is summarized near the end
of the paper. The taxonomic treatment of genera and species of California Madinae
given by Munz (1959) is accepted here. The taxa of Hawaiian Madinae recognized
correspond to the species given by Keck (1936) in Dubautia and Argyroxiphium,
but Wilkesia is recognized here as a valid genus. The species of Raillardella con-
sidered here are those found in Munz (1959), although this genus is not placed in
Madinae by that author. Mexican species of Madinae not represented in the United
States are not covered in any single floristic treatment. Included in this group are
Adenothamnus validus (Brandegee) Keck, Hemizonia martirensis Keck, and the
insular species Hemizonia frutescens Gray, H. greeneana Rose, H. palmeri Rose, and
H. streetsii Gray. Madia chilensis Reiche grows in Chile, which is also the native
location of M. sativa Molina. The report of an endemic tarweed from the Galapagos
Islands, Hemizonia squalida Hook. f., is an error, as has been shown by Howell
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(1935). The type specimen is an individual of H. corymbosa (DC.)T.& G. probably
from the vicinity of Monterey, California.

MATERIALS AND METHODS

The basic material for this study consisted of field-collected material, portions of
which were preserved in formalin-propiono-alcohol (Johansen, 1940). For some
species which could not, for various reasons, be obtained in this manner, herbarium
material was used. Such material was expanded in 2.5 per cent aqueous NaOH,
washed and stored in 70 per cent ethyl alcohol. Both types of material were embedded
in paraffin according to the usua techniques. The staining procedure corresponded
to Northen's modification of Foster's tannic acid-ferric chloride- method (Johansen,
IV iP)- Materials cleared by means of the sodium hydroxide technique also proved
i :lul for whole mounts and were stained with safranin.

The herbarium specimens which document liquid-preserved material, or from
which fragments were taken, are listed below. Herbarium abbreviations are according
to Lanjouw and Stafleu (1954). Achyrachaena mollis Schaucr, Carlquist 408 (RSA);
Adenotbamnus validm (Brandegee) Keck. Brandegee VI-4-1893 (cotype, GH);

xiphinm spp.: cited in Carlquist (1957a) except for flowering material of
A. caligini Forbes, Carlquist 150 (RSA) and A. sandwichense DC. Carlquist 145
(RSA); Blepbaripappus scaber Hook., Keck & Clause)/ 3775 (RSA); Blepharhonia
blumosa (Kell.) Greene, Carlquist 418 (RSA), vegetative. Howell 8048 (RSA),
he.uls; Calycadenia spp.: cited in Carlquist (1959b) except: C. fremontii Gray,
Hoover 2244 (UC) and C. tenetta (Nutt.) T.&G., Sprague VI-13-1957 (RSA);
Dubautia (including Raillianlia) spp.: cited in Carlquist (1959c) except: D. clili-
olata (Gray) Keck. Carlquist 613 (RSA). anatomy. Kruckeberg 703 (RSA),
chromosomes; Hemizonia Clementina Brandegee, Abrams & Wiggins 300 (UC) ;
H. congesta DC, Carlquist 404 (RSA); H. corymbosa (DC) T.&G. subsp. macro-
cepbala (Nutt.) Keck, Carlquist 400 (RSA); H. fasciculata (DC. )T.&G.. Carlquist
402 (RSA); H. fiichii Gray. Carlquist 417 (RSA); H. frutescens Gray. Brandegee
1897, sn. (UC); H. greeneana Rose. Carlquist 475 (RSA) ; H. luzulaefolia DC,
Carlquist 413 (RSA); H. mintbomii lepson, Carlquist 407 (RSA); H. pal men
Rose, Carlquist 470 (RSA) ; H. pungens (H.&A.) T.&G., Carlquist 411 (RSA);
H. streetsii Gray, Moron 2950 (UC i ; Holocarpba spp.: cited in Carlquist (L959b) ;
Holozonia filipes (H.& A.) T.&G., Wiggins 8959 (RSA); Lagopb) vdulosa

Gray. Wolf 9073 (RSA); LagophyUa ram Mutt., Carlquist 415 (RSA);
Layia fremontii (T.&G.) Gray, Crmn 19IS (RSA) ; L. pentacbhaeta Gray subsp.
JIAl ''Keck, Balls 18851 (RSA); L. /. ¢ (F.&M.) Gray, Campbell 12991
(RSA); Madia bolanderi (Gray) Gray, Carlquist 622 (RSA); M. elegans D. Don
subsp. denstfolia (Greene) Keck, Everett 1204 (RSA); M, hallii Keck, Howell
18050 (RSA); M. madioides (Nutt.) Greene, Carlquist 406 (RSA); Af. minima
(Gray) Keck, Walker 2036 (RSA) ; M. saliva Mob, Carlquist 403 (RSA) ; Raiilar-
delia argentea (Gray) Gray, Gillett ins (MSC); R. muirii Gray. Smith 823
(JEPSON); R. pringlei Greene, Feudge 1868 (RSA) ; R. scabrida Eastw., Howell
17194 (RSA); R. scaposa (Gray) Gray, Sprague VII-17-1957 (RSA); Wilkesia
gymnoxipbium Gray, Carlquist 525 (RSA). In addition to these specimens, a num-
ber of specimens from the Rancho Santa Ana Botanic Garden Herbarium and the
Pomona College Herbarium were studied to determine the presence of particular
features. A complete survey of the anatomy of Madinae, species by species, did not
seem feasible because the number of species is very large- and some close species show-
no appreciable anatomical differences. Modi, and M, elegans. for example,
show no significant anatomical differences. Some selection was necessary, and this was



