
IAWA Bulletin n.s.. Vol. 6 (4), 1985 319 

ECOLOGICAL WOOD ANATOMY OF THE WOODY SOUTHERN CALIFORNIAN FLORA 

by 

Sherwin Carlquist and David A. Hoekman 
Rancho Santa Ana Botanic Garden, Claremont, California 91711, and 

Department of Biology, Pomona College. Claremont, California 91711, U.S.A. 

Summary 
Wood of 207 species, representing all 178 

woody genera of the Munz flora of southern 
California, was studied by means of sections 
and macerations. Data were gathered on fea­
tures relating to the conducting system: num­
ber of vessels per mm2 , diameter of vessels, 
length of vessel elements, number of bars per 
perforation plate, presence of true tracheids, 
vasicentric tracheids, vascular tracheids, helical 
sculpture, and growth rings. The occurrence of 
these features is analysed both with respect to 
each other and to ecological groupings and 
habit groupings. Statistically significant data 
permit ecological groupings to demonstrate de­
gree of xeromorphy in wood features. Xero-
morphy is indicated by more numerous vessels 
per mm2 , narrow vessels, shorter vessel ele­
ments, presence of vasicentric tracheids or vas­
cular tracheids, presence of helical sculpture on 
vessel walls, and presence of well-marked growth 
rings (growth rings are common in moist habi­
tats because in southern California these are 
also montane and therefore cold in winter). All 
of these appear to have developed in many 
phylads independently. Vessel element length 
appears to change less rapidly, at least in some 
phylads (those with true tracheids) than the 
other features. Presence of scalariform perfora­
tion plates and of true tracheids is interpreted 
as relictual; scalariform plates occur virtually 
only in mesic habitats and in a small number of 
species. True tracheids, although relictual in 
nature, have been preferentially preserved be­
cause of the value of their enormous safety. 
Groups without true tracheids have evolved 
vasicentric tracheids or vascular tracheids (the 
three types are mutually exclusive) to a high 
degree. By deducting the species with true and 
vascular tracheids, one finds that 100% of the 
alpine shrubs, 77% of the desert shrubs, and 
75% of the chaparral shrubs which could possi­
bly have evolved vasicentric tracheids actually 
have them. These are the three ecological 
groupings which have vasicentric tracheids not 
only in southern California, but other areas of 
the world as well. Tracheid presence (and to a 
lesser extent vasicentric tracheid presence) fore­

stalls vessel grouping, but in tracheid-free groups 
vessel grouping is a highly adaptive strategy for 
xeromorphy. One can rank xeromorphic con­
notation of qualitative features on the basis of 
data herein: growth rings are the most common 
numerically, followed by helical sculpture, vasi­
centric tracheids, and vascular tracheids. Vasi­
centric tracheids, like true tracheids, tend to 
occur in evergreen shrubs whereas vascular tra­
cheids tend to be related to drought-deciduous 
shrubs. Among quantifiable features, number 
of vessels per mm2 changes more rapidly than 
vessel diameter. Scalariform perforation plates, 
true tracheid presence, and long vessel elements 
are associated with each other statistically. By 
entering number of woody species for each 
genus in the flora and performing appropriate 
computations, a figure for each feature is pro­
jected on the basis of the 512 woody species of 
southern California. This pro-rated figure shows 
that phylads with any of the mechanisms cited 
as signifying xeromorphy speciate much more 
rapidly than do the phylads with mesomorphic 
wood features. 
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Introduction 
Analysis of wood anatomy on a floristic ba­

sis can be traced to such authors as Kanehira 
(1921a & b, 1924), Webber (1936), Versteegh 
(1968). Carlquist (1977a), and Baas et al.(1983). 
To be sure, our understanding of which features 
are significant in ecological analysis of wood 
anatomy on a floristic basis have also come 
from other sources: the works of Baas (1973) 
and Carlquist (1966a, 1975a, 1980) can be cited. 

The reasons for analysis of the southern Cali­
fornian flora at this time include the knowledge 
gained from the works mentioned above, for 
without an understanding of which characters 
possess ecological significance, such an analysis 
would be premature. To be sure, new under­
standing is yielded within the confines of each 
study, so that reliance on previous studies is 
not total. The southern Californian flora proves 
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exceptionally revelatory of the ecological value 
of wood features because of its size and ecolog­
ical diversity. The genera studied here represent 
178 genera (Table 1), which include all of the 
genera with woody species listed by Munz 
(1974), plus a few selected herbaceous groups 
to widen the comparison. There are 512 species 
which can be claimed to be woody in the Munz 
flora; study of all of these was impractical, and 
probably would not have increased understand­
ing very greatly. Where habit and ecology varied, 
several species per genus were, in fact, studied 
(e.g., Arctostaphylos. Haplopappus). The re­
sults obtained from the 207 species studied 
were projected (Table 2, last line; see Materials 
and Methods) so as to produce a picture of 
what would have emerged had all 512 woody 
species been studied. The large number of 
woody species in the southern Califomian flora 
does permit a clear picture of trends within the 
flora as a whole and within floristic and habital 
fractions; a smaller floristic unit could not have 
yielded the large number of species (N values) 
available here. While southern California as de­
fined by Munz is not itself a natural floristic 
province, it does contain large numbers of taxa 
for most of the ecological zones in this region. 

The ecological zones of southern California 
are diverse because of the remarkable topogra­
phy of this region. To be sure, it does not in­
clude high rainfall zones, but it does give an 
unusually clear picture of Mediterranean-type 
vegetation and desert vegetation because of the 
large numbers of genera and species in these 
zones. In the Mediterranean-type region, one 
can demonstrate wood features not merely for 
the chaparral, a sclerophyll scrub of the foot­
hills and mountains, but also for coastal sage, a 
shrubby vegetation composed chiefly of repre­
sentatives of families which are otherwise not 
strongly woody (e.g., Asteraceae, Lamiaceae) 
in which leaves are not sclerophyllous typical­
ly. In the desert region, one can analyse desert 
scrub, desert wash plants, and desert succulents 
separately. Additionally, other distinctive eco­
logical zones are represented in the woody 
flora (Table 2). Riparian vegetation and alpine 
vegetation represent distinctive zones which 
contrast with the various kinds of dryland 
scrub, and further contrasts are provided by 
woodland trees, halophytes, and shrubs of 
moist areas (chiefly shady valleys). 

The herbaceous flora of southern California 
is quite prominent; it grades into subshrubs, 
which form a category analysed separately 
here. The term 'herbs' in Table 2 refers to an­
nuals, biennials, short-lived perennials, and two 
plants which are large but have a degree of suc­
culence ordinarily associated with herbs (Core­

opsis gigantea, Turricula parryi). The herbs in­
cluded in this study have been excluded from 
the habitat categories so as not to bias the data 
for chaparral (which thereby is strictly shrub­
by) or other zones. Herbs utilise soil differently 
from shrubs and either die at the end of the 
growing season or accommodate environmental 
extremes differently from the ways in which 
shrubs do. Therefore, their exclusion from hab­
itat categories such as chaparral seems justified. 
Only a limited number of herbs have been ad­
mitted into this study. The reason for their in­
clusion is to permit a contrast between herba­
ceous and woody species growing in the same 
region, thereby permitting a better understand­
ing of both. The number included (16) is small 
enough so that the categories of Table 2 other 
than habit and habitat (= the anatomical cate­
gories) are biased very little; one could recalcu­
late non-herb versions of that portion of the 
table, and a few such figures are offered below. 
However, inclusion of herbs in the anatomical 
categories does have the merit of stressing the 
continuum between herbaceous and woody in 
the flora of southern California. Especially in 
the coastal sage, where frost is rare, brief, or 
mild, herbaceous phylads have evidently evolv­
ed (and are still evolving) into woodier growth 
forms. 

The anatomical features covered in this sur­
vey are those which have been shown to bear a 
direct relationship to ecological conditions. 
Vessel wall thickness has been omitted, although 
it does appear to be correlated with ecology 
(Carlquist, 1975a, 1980; Baas et al., 1983). The 
other features omitted here can be said to bear 
only an indirect relationship to the hydrosys-
tem: ray characteristics, axial parenchyma con­
figurations, crystal presence. Fibre-tracheids 
are not considered here to be conductive in na­
ture; the evidence for this comes from the ef­
fect that tracheids have in deterring vessel 
grouping (Carlquist. 1984a), an effect fibre-
tracheids do not have, and the differentiation 
between vasicentric tracheids and fibre-tracheids 
in woods which have those two cell types to­
gether (Carlquist, 1985). Tracheids are defined 
as having pits fully bordered, as large as those on 
lateral walls of vessels or nearly so, and with pit 
density approaching (but often not equalling) 
that on lateral walls of vessels. Fibre-tracheids 
are considered to show diminution in one or 
more of the pit features listed for tracheids. 
Libriform fibres are defined as having simple 
pits. 

Although we think of tropical areas, fre­
quently, as predominantly moist, ranges of 
ecology do occur within those zones and are 
related to ranges within anatomical features 


