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who deduced that the insular flora has the aspect of the Pliocene 
vegetation of the mainland which had a source in Mexico, and 
that after migration to the island area over a Pliocene land bridge, 
it was supplemented by northern migrants during the glacial period 
and then, following subsidence, was preserved by isolation under 
mild marine climate (1887). 

ABSTRACT 

The Madro-Tertiary Geoflora commenced to invade the coastal 
strip and is lands of southern California from the interior during 
Oligocene time. It was well establ ished by the Miocene, being 
composed of woody plants similar to spec ies that contribute to 
closed-cone pine forest, woodland, chaparral, and sage vegetation 
that now inhabit the insular area as well as the mainland. Their 
a s soc ia tes included species of oak-pine woodland, chaparral, 
short-tree forest, and thorn forest vegetation like those that now 
occur in Mexico and the southwestern United States , regions with 
summer rainfall. 

Climate became drier and more intemperate over southwestern 
North America during the Miocene and Pl iocene . As a result , 
spec ies allied to insular endemics occupied a progressively 
shrinking belt of highly temperate climate that was gradually 
restricted to the California coastal strip and is lands , and also to 
the mountains of Mexico where there are spec ies closely allied 
to the Californian insular endemics. Many plants that had lived 
with fossil relat ives of the insular endemics in California and 
Nevada were confined to areas far to the south and eas t as summer 
rainfall diminished during the later Tertiary. 
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Although the insular flora had a Madro-Tertiary source chiefly, 
it was supplemented by Arcto-Tertiary spec ies during the cool, 
moist s tages of the P le is tocene , when redwood, Douglas fir, 
tanoak-madrone, and yellow pine forests shifted south along the 
coast to occupy cooler, moister slopes above the maritime and 
insular flora. Following the Wisconsin, the coastward spread of 
hotter, drier climate during the Xerothermic period enabled a 
number of semi-arid to desert species to invade the coastal strip 
and insular area. This climate disrupted a more homogenous in
sular and maritime flora by developing disjunct distributions and 
modifying community composition by restrict ing the ranges of 
plants that require highly temperate climate. 

The fossi l record as now known does not provide evidence to 
support the notion that insular isolation was required for the evolu
tion of any of the woody endemics of the Californian Is lands . 
The evidence indicates that they have had a long continental 
history, and suggests that they were preserved from change by 
isolation in a highly temperate climate that gradually shifted 
coastward and was reduced in area as regions of more intemper
ate climate expanded following Eocene time. 

INTRODUCTION1 

The geologic history of the flora of the Californian I s l ands 2 

can be deciphered from fossil p lants , very similar to i ts living 
spec ies , that are preserved in rocks on the adjacent mainland. 
Numerous fossil floras are now known in the western United 
States that provide evidence that re la tes both directly and indi
rectly to the origin of the insular flora. They occur in deposits 

1, The research in Tertiary paleobotany on which this paper is 
based, and which forms the foundation for analyzing the geo
logic history of the insular flora, has been generously supported 
by grants from the Carnegie Institution of Washington (1936-
1950), and the National Science Foundation. 

2. The term Californian Islands is applied here to the is lands off 
the coast of southern California and northern Baja California. 
The northern tier comprising the Northern Channel Is lands (Ana¬ 
capa, Santa Cruz, Santa Rosa, San Miguel) represents a seaward 
extension of the Santa Monica Mountains. The southern scat
tered group of Catalinan Islands (Santa Barbara, Santa Catalina, 
San Nicolas , San Clemente, Los Coronados) has had a more 
complex geologic history. Guadalupe and Cedros is lands are 
included as Catalinan Islands because they are geologically a 
part of it (see Krause, 1965). 

extending from coasta l regions far into the interior, and up in 
altitude into the sub-alpine zone. The foss i ls are represented by 
impressions of cones, winged seeds , needles , and leafy branch-
lets of conifers, by leaves , seeds , and fruits of flowering plants , 
and by spores and pollen of both groups. These structures were 
preserved on flood-plains and deltas by rapid burial in mud, si l t , 
and fine sand at times of flood, but chiefly in ash-falls that were 
showered into lakes and ponds by numerous volcanoes which 
were almost continuously active in the region during the Ceno¬ 
zoic. We have a rich record available for study, one that will 
take many additional decades to interpret. 

An analysis of the history of Tertiary vegetation commences 
with the discovery of a fossil flora. After a representative col
lection has been made, the fossil plants are identified in terms 
of their nearest living spec ie s , which gives us some insight into 
the composition of the flora. Next, from field s tudies of modern 
vegetation similar in composition to the fossi l flora, it is feasible 
to reconstruct the plant communities that occupied different habi
ta ts bordering the area of plant accumulation, and to infer the 
climate under which they lived. Then, by analyzing sequences 
of Tertiary floras that have been described from local a reas , 
success ive changes in forest composition during time can be 
es tabl ished. Since the climatic requirements of the local floras 
have been determined, it becomes possible to discern trends of 
climatic change, and hence to infer the climatic factors that may 
have been responsible for modifications in vegetation in local 
areas during success ive epochs of time. Final ly , from a compari
son of sequences of floras in different regions, evidence may 
emerge which suggests the directions and the times of migration 
of the diverse plant communities that have been preserved in the 
fossi l record, and have survived down to the present day in modi
fied form. 

The origins of the insular flora can be analyzed in this man
ner because a number of i ts distinctive woody plants have fossil 
records in southern California, and also in adjacent regions to 
the north and eas t . Since the relative ages of the floras are 
known, we can infer the directions and times of migration of the 
fossil species in them that have close relat ives in the insular 
region today. That the insular flora has had diverse sources , its 
species having migrated into the region at different times and 
from different directions, is apparent from their bio-geographic 
relations because several very different floristic groups charac
terize the flora. F i r s t , there are the taxonomic novelties like 
Lyonothamnus and Hesperelaea that are well removed morpho
logically from other genera of their respective families, and have 
highly restr icted distributions. A second group is composed of 
distinctive spec ies that are narrow insular endemics; some of 



them have isolated stat ions on the nearby mainland, like Pinus 
remorata or Comarostaphylis diversifolia, and have closely re
lated species in the temperate uplands of central to southern 
Mexico. A third assemblage includes the regular a ssoc ia tes of 
the living endemics that have a wide distribution on the main
land, for instance the spec ies of Salix, Populus, and Quercus 
associated with Lyonothamnus. A fourth alliance is composed 
of plants that have a disjunct distribution, with their chief cen
ters in more mesic regions to the north, like Arbutus menziesii 
and Vaccinium ovatum on Santa Cruz Island, or P. radiata and 
Ribes sanguineum on Guadalupe. The fifth group is also dis
junct, finding its occurrence chiefly on the Catalinan Islands 
and in the desert and dry interior regions to the east and south, 
as shown by Lycium brevipes and a number of herbs on San Cle¬ 
mente. Final ly, there are some insular endemics—chiefly herbs— 
that differ only moderately from their nearest relat ives on the 
mainland. Although some of them may have recently originated 
in insular isolation, others may represent ancestors of mainland 
species that were preserved by isolation under mild insular cli
mate. 

In the following analysis of the origins of these floristic rela
tions, reference will be made to sequences of Cenozoic floras in 
southern California, central California, and central Nevada. All 
of them contain plants very similar to those now confined to the 
insular region, as well as species that are regularly associated 
with them and that range more widely on the mainland. It is 
realized that the fossil record of plants that comprise the insular 
flora is incomplete, and that final conclusions with respect to 
its history would be premature. Nonetheless , it seems desirable 
to review all information that is now available so that the facts , 
the inferences, and the tentative conclusions may at least serve 
as a bas is for future work on the problem. 

SOURCES 

The history of the flora of the Californian Islands can best be 
analyzed in terms of the spatial and sequential relations of the 
major geofloras that characterized western North America during 
the Cenozoic, an era of 70 million years duration. A geoflora 
represents a group of plants of generally similar climatic require
ments that lived in associat ion for several e p o c h s of t i m e 
(Chaney, 1959). Owing to a general climatic trend toward de
creasing temperature and precipitation, and to a shift in seasonal 
rainfall distribution, each geoflora during its history shows sig
nificant changes in distribution and important changes in compo
sit ion, notably the elimination of species and genera no longer 
native to this region. The three major geofloras of western North 
America, the Arcto-Tertiary, Neotropical-Tertiary, and Madro-

Tertiary, correspond to broad natural environments that were 
characterized by mild to cool temperate, warm temperate to trop
ical , and semi-arid (or sub-humid) climate. Each geoflora included 
several types of vegetation that were zoned with respect to cli
mate and al t i tude. 

The Arcto-Tertiary Geoflora is composed of conifers and de
ciduous hardwoods of temperate requirements. Recorded in the 
older Tertiary (and Cretaceous) rocks of Alaska, Canada, Green
land, Spitzbergen, and Siberia, it spread southward over the low
lands into middle lat i tudes during the Cenozoic in response to 
cooling climate. Its derivative communities now form the diverse 
conifer forests of the western United States and the mixed de
ciduous hardwood and montane conifer forests of eastern North 
America and Euras ia . Although most of the record of this geo
flora is represented by mixed deciduous hardwood forest that 
dominated at low al t i tudes, upland forests that lived under cooler 
climate have recently been recognized (Axelrod, 1964, p. 77). 
They confirm the inference (Chaney, 1936), based on the latitu
dinal zonation of lowland floras, that the geoflora was already 
zoned with respect to climate and altitude by the early Tertiary. 
During the Eocene at middle lat i tudes, it graded from an ecotone 
with broadleafed evergreen forest at low al t i tudes to mixed de
ciduous hardwood forest, to conifer-deciduous hardwood forest, 
and to pure montane conifer forest at levels near 4.000-4,500 feet 
(Axelrod, 1965, 1966b). 

During the period of i ts optimum development in the Miocene 
of the western United States , the Arcto-Tertiary Geoflora was 
composed of plants that are now found in three widely separated 
regions. Members of its West American Element are similar to 
spec ies of Abies, Picea, Pinus, Chamaecyparis, Sequoia, Thuja, 
Acer, Alnus, Betula, Cornus, Fraxinus, Gaultheria, Mahonia, 
Populus, Prunus, Quercus, Rosa, Salix, and Vaccinium that sti l l 
live in western North America. Its Eas t American Element is 
represented by species of genera (Taxodium, Carya, Fagus, Hale-
sia, Liquidambar, Magnolia, Nyssa, Ostrya, Persea, Sophora, 
Tilia, Ulmus) now in the eastern United States , and also by spe
cies of wide ranging genera (Alnus, Acer, Betula, Fraxinus, Jug-
lans, Platanus, Populus, Quercus, Salix) whose nearest re lat ives 
occur only in that region. The Eas t Asian Element includes 
(a) genera now confined to the temperate parts of Asia (Ginkgo, 
Metasequoia, Cephalotaxus, Cunninghamia, Ailanthus, Cercidi-
phyllum, Paulownia, Pterocarya, Zelkova), (b) Asian spec ies of 
genera (Carya, Carpinus, Fagus, Liquidambar, Nyssa, Tilia, Ul
mus) that occur also in the eastern United States , and (c) species 
of wide ranging genera (Abies, Picea, Pinus, Thuja, Acer, Alnus, 
Betula, Populus, Prunus, Salix) that have their nearest counter
parts in eastern Asia . The fossi l plants representing these ele-



ments were mixed in forests that were differentiated into diverse 
associat ions over lowland areas that were determined chiefly by 
drainage relat ions (Axelrod, 1964, pp. 85-96). During the Miocene 
the geoflora lived under mild temperate climate with ample rain
fall (over 40 inches) well distributed through the year, and with 
frost of infrequent occurrence. 

The Neotropical-Tertiary Geoflora is composed of broadleafed 
evergreens of moist, warm temperate to tropical requirements. It 
appears to have had an origin at lower tropical lat i tudes during 
pre-Cretaceous time (Axelrod, 1952a, 1960), and to have migrated 
poleward during the Cretaceous (Axelrod, 1959a). During the late 
Cretaceous and Eocene it is recorded throughout the lower lati
tudes, with deciduous hardwoods gradually appearing in the broad 
ecotone with the Arcto-Tertiary Geoflora at middle la t i tudes . The 
geoflora includes plants that represent families that preponder
antly are found in tropical regions today, and they attain optimum 
development and greatest diversity there. 

Among the plants recorded are species representing genera 
such as Annona, Banisteria, Cedrela, Chrysophyllum, Cordia, 
Cupania, Cycas, Dioon, Ficus, Hyperbaena, Inga, Lonchocarpus, 
Magnolia, Meliosma, Ocotea, Persea, Petrea, Rhamnidium, Sabal, 
Tabernamontana, Terminalia, Tetracera, and Vouapa. Important 
to bio-geographic problems is the fact that in North America this 
geoflora contained a number of genera that now occur only in the 
Old World, for instance Aleurites, Cinnamomum, Mallotus, Max-
tixia, Nipa, a n d Phytocrene. Taken in conjunction with (a) 
present patterns of distribution of tropical families and genera 
which indicate stronger t ies across the tropical zone in the past , 
(b) paleoclimatic evidence which indicates that non-marine trop
ical climate did not extend beyond middle la t i tudes, and (c) geo
logic evidence which shows that the continents have been stable 
during recorded angiosperm history (Axelrod, 1963; Chaney, 1940), 
it has been inferred that there was relatively f r e e migration 
across the tropical zone during the Cretaceous, over s ial ic and 
simatic lands which have since subsided (Axelrod, 1960, pp. 
247-257, 280-293). 

Modern forests that display relationship to the Neotropical-
tertiary Geoflora contribute to the rain-forests and savannas at 
lower lati tudes in North America from central Mexico southward, 
and also to the evergreen forests of southeastern Asia. The nu¬ 
merous trees and shrubs that characterize the geoflora regularly 
gave large evergreen leaves with entire margins, and often with 
rip points. Lianas are also well represented, much as they are 

(missing word) similar modern forests . To judge from climatic requirements 
(missing word) analogous forests in tropical to warm temperate regions today, 

the geoflora lived under frost-less climate with ample rainfall, 
and with savanna conditions prevailing in the southwestern part 

the continent. 

The Madro-Tertiary Geoflora is made up chiefly of small-
leafed, drought res is tant plants of dry subtropical to warm temper
ate requirements. They appear to have been derived from border-
tropical a l l iances by adaptation to drought. Ancestral forms first 
appear in the late Cretaceous and Paleocene floras in the south
western part of North America, the region from which they radiated 
as dry climate expanded during the Tertiary (Axelrod, 1950e, 
1958a). This geoflora included several kinds of vegetation, 
notably closed-cone pine forest, live oak and conifer woodland, 
chaparral, thorn forest, and sage . 

Closed-cone pine forest is represented by fossi l spec ies simi
lar to trees (Pinus radiata, P. muricata) that now characterize the 
California coastal strip and the insular area. Their fossi l a sso
ciates included mesic spec ies of oak woodland (Lyonothamnus, 
Prunus, Quercus) and chaparral (Ceanothus, Cercocarpus, Fre¬ 
montodendron, Quercus, Prunus) vegetation that are similar to 
those which contribute to the living forests . Closed-cone pine 
forest lived marginal to relict evergreen forests of the Neotropi
cal-Tertiary Geoflora in the coasta l strip during the Miocene (see 
below), and appears to have migrated northward along the coast 
late in the epoch. 

Madro-Tertiary woodland vegetation includes three elements. 
California Woodland Element represents spec ies of Fraxinus, 
Juglans, Lyonothamnus, Pinus (pinon, digger pine), Populus, 
Prunus, Quercus (live oaks), Umbellularia, and their common 
assoc ia tes whose descendants contribute to several distinct 
woodland communities today, notably insular woodland, digger 
pine woodland, oak-walnut woodland, and Engelmann oak wood
land. The Sierra Madrean Woodland Element, with spec ies of 
Arbutus, Cupressus, Persea, Populus, Ilex, Quercus, Sapindus, 
Robinia, Vauquelinia, and Ungnadia like those that survive in 
the summer-wet area from Arizona to west-central Texas and 
southward into Mexico, including the Cape Region, represents 
several different associa t ions (Axelrod, 1958a). Conifer Wood
land Element, with pinon and juniper, and their a s soc ia tes of 
Amelanchier, Cercocarpus, Holodiscus, Mahonia, Prunus (Emplec¬ 
tocladus), Purshia, and Symphoricarpos, resembles the conifer 
woodland of eastern California that extends eastward into the 
southern Rocky Mountains. Members of all these elements were 
admixed in a generalized woodland during the middle and later 
Tertiary, zoned with respect to alt i tude. 

Chaparral vegetation of the Madro-Tertiary Geoflora included 
a California Chaparral Element of Arctostaphylos, Ceanothus, 
Cercocarpus, Dendromecon, Garrya, Mahonia, Prunus, Quercus 
(scrub oak), Rhamnus, and Rhus, the spec ies of which are simi
lar to those dominating the community in this region today. Asso
ciated with them were species of a Southwestern Chaparral Ele-



merit, including members of most of these genera whose nearest 
relat ives are in the summer-wet region from central Arizona east
ward into Texas and southward into Mexico. 

Thorn forest vegetation, which is not now known to have 
ranged north of southern California with oak woodland and chap
arral, is represented by spec ies of Acacia, Bursera, Cardiosper¬ 
mum, Coluhrina, Dodonaea, Erythea, Ficus, Karwinskia, Lysiloma, 
Prosopis, Pithecolobium, Randia, and others whose modern de
scendants are in northern Mexico, chiefly on its northwest and 
northeast coas ts . 

Sage vegetation is a lso represented, though its mega-fossil 
record is meager because most of its plants have soft fleshy 
leaves of a sort that are not readily preserved. Referred to it 
are species of Rhus (R. laurina, R. integrifolia), and it has been 
inferred that many others probably were present (Axelrod, 1950b, 
p. 85). This is supported in part by a recent pollen analysis of 
a later Miocene and early Pl iocene well core from Wilmington, 
southern California (Gray, in Martin and Gray, 1962) which re
veals the occurrence of pollen representing Compositae, Labia tae , 
Malvaceae, Nyctaginaceae, Onagraceae, and Polemoniaceae. Var
ious genera of these families contribute shrubby species to sage 
vegetation today or to the herbs associated with it. 

The Madro-Tertiary Geoflora lived under a frost-less climate of 
moderate rainfall, and with seasonal drought that increased dur
ing its history. The extremes of high and low temperature, which 
are found today in some of the areas where its derivative com
munities have survived, were not in existence during the Tertiary. 

The spatial relations of these three g e o f l o r a s gradually 
changed during the Tertiary in response to a general trend toward 
cooler and drier climate (fig. 1). Decreasing temperature forced 
the Neotropical-Tertiary Geoflora to shift southward, and the 
Arcto-Tertiary Geoflora to migrate into lowland areas at middle 
lati tudes by the middle Oligocene. With expanding dry climate, 
the Madro-Tertiary Geoflora radiated northward and coastward 
from the southwestern interior, displacing the Arcto-Tertiary Geo
flora over the lowlands during the Miocene and Pl iocene , and 
restrict ing the Neotropical-Tertiary Geoflora to a coastal and 
then to a more southerly position. The relations of these geo
floras in southern California, summarized in fig. 2, provide a 
basis for reconstructing the history of the flora of the insular 
region. They support the thesis that ancestors of the insular 
endemics and many of their assoc ia tes formed an integral part of 
the Madro-Tertiary Geoflora. Paleobotanical evidence sugges ts 
that they lived on the cooler, highly temperate margins of the 



Neotropical-Tertiary Geoflora in the early Tertiary. As drier and 
more intemperate climates spread over southwestern North Amer
ica during the middle and later Tertiary, spec ies with highly tem
perate requirements gradually were confined to the margins of the 
developing arid region, chiefly to the mountains of southern Mex
ico and to the Californian coastal strip and i s lands . This rela
tion, which visual izes post-Oligocene restriction of range of more 
widespread species that probably had been evolving slowly since 
the early Tertiary, seems to account for the occurrence of the 
nearest relat ives of a number of the insular endemics in temper
ate regions far to the south in Mexico. Among these relationships 
may be noted Ceanothus arboreous and C. caeruleus, Cercocarpus 
traskiae and C. mojadensis, Comarostaphylis diversifolia and 
C. nochistalensis, Lyonothamnus and V auquelinia, Pinus remor¬ 
ata and P. oocarpa, Pinus torreyana and P. pseudostrobus var. 
oaxacana, Prunus lyonii and P. prionophylla. Arbutus peninsu¬ 
laris and A. xalapensis, Garry a salicifolia and G. laurifolia, My-
rica califomica and M. mexicana. In addition, Vaccinium ovatum 
is a common member of the central to northern closed-cone pine 
forests, and is scarcely dist inguishable from V. confertum of 
southern Mexico. 

The following analysis of the history of the insular flora com
mences with the Miocene, when species similar to those now in 
the insular area lived in southern California and adjacent areas , 
and when is lands were offshore. 

SEQUENTIAL CHANGES 

Miocene 

During this epoch the western part of southern California was 
largely covered by sea (see Corey, 1954). The offshore region 
supported i s lands , some of which were at the s i t e s of present 
ones, but others appear to have occupied areas where submarine 
banks occur today. The region was active orogenically, with 
land-sea relations constantly changing in response to rising and 
subsiding tracts (Jahns, 1954; Bailey and Jahns , 1954). It was 
chiefly during the middle Miocene that most of the offshore area 
appears to have been submerged, but scat tered is lands reappeared 
in the later Miocene (fig. 3) and have continued down to the pres
ent. It is not possible to determine definitely whether there were 
connections with the mainland during Miocene time because of 
insufficient geologic evidence; the present is lands are small in 
area and the stratigraphic record reflects chiefly the marine part 
of the history of the region. However, it is known that Catalinia, 
of which the southern group of i s l a n d s comprise a part, ap
proached nearer the present coast than does any island today: 
coarse sedimentary breccias in Miocene rocks at local i t ies scat-



tered along the coast from San Onofre north to Trancas suggest 
the presence of land nearby. The problem of possible connec
tions with the mainland is of only minor importance with respect 
to the insular flora, however, because the dis tances are at most 
only a few tens of miles, and much of the mainland flora would 
Illicitly become established there by normal dispersal (Axelrod, 
:952b). 

We may infer that wherever offshore is lands were present they 
probably supported vegetation similar to that represented in floras 
of the coastal strip. Small collections of Miocene plants from 
he Puente formation near Orange, Pomona, and Alhambra. and 
from Topanga and Modelo formations in the Santa Monica Moun¬ 
ains (fig. 3), include species of the following genera: 

neo tropical-Tertiary Madro-Tertiary 
Geoflora Geoflora 

(word cut off) nnona Cercocarpus 
(word cut off) icus Fremontodendron 
(word cut off) agnolia 
(word cut off) rsea 
(word cut off) sctandra 
Quercus (Q. aff. virginiana, 

Q. potosiana) 
(word cut off) bal 

Juglans (]. californica) 
Karwinskia 
Lyonothamnus 
Platanus 
Pinus (closed-cone ?) 
Quercus (Q. dumosa) 

A pollen analysis of a well core of middle and late Miocene age 
from Wilmington reveals some of these genera as well as others 
(Gray, in Martin and Gray, 1962). Among the a l l iances recorded 
are Celtis, Ephedra, Er icaceae , Fraxinus, Fremontodendron, Ilex, 
Juglans, Juniperus-Cupressus, Pinus, Platanus, Quercus, Rhus, 
Sapotaceae. The grains of pine are abundant (40-50 per cent in 
most samples) , and those of Cupressus-Juniperus are also com
mon. Through the cooperation of Dr. Jane Gray, several samples 
were examined by Dr. W. S. Ting, and he reports that grains of 
pine very similar to those produced by Pinus radiata and P. muri¬ 
cata are present . This is consistent with the occurrence of cones 
similar to P. radiata in the Monterey formation at Santa Barbara, 
and thus es tab l i shes closed-cone pine forest in the coasta l strip 
during the middle Miocene. 

In the interior, where climate was drier, numerous spec ies are 
represented in the Tehachapi (Axelrod, 1939) and Mint Canyon 
(Axelrod, 1940a) floras that are wholly Madro-Tertiary in compo
sition. Species of woodland, thorn forest, and chaparral vegeta
tion are recorded. To judge from the pollen record at Wilmington, 
it seems probable that some of these spec ies occupied the drier 
parts of the coastal strip, and more xeric s i tes in the insular area. 
Among the plants recorded are: 

Woodland 
Acer, Arbutus (A. peninsularis, A. xalapensis), Celtis, Clethra, 

Lyonothamnus, Juglans, Ilex (I. brandegeeana), Myrica, Pinus 
(pinon), Platanus, Prunus (P. lyonii), Populus (P. brandegeei), 
Quercus (cf. Q. arizonica, Q. brandegei, Q. agrifolia, Q. emoryi, 
Q. engelmannii, Q. tomentella), Robinia, Thouinia, Erythea, Sabal, 
Umbellularia, Washingtonia. 

Chaparral 
Arctostaphylos, Ceanothus (8 spec ies , including C. arboreus), 

Cercocarpus, Chamaebatiaria, Condalia, Colubrina, Crossosoma, 
Diospyros, Fraxinus, Fendlera, Holodiscus, Mahonia, Prunus 
(P. fasciculata, P. ilicifolia), Quercus (Q. dumosa-turbinella, Q. 
palmeri), Rosa, Rhus (R. chondroloma, R. ovata, R. virens). 

Thorn scrub 
Acacia, Acalypha, Bursera, Cardiospermum, Chiococca, Cas-

tilleja, Euphorbia, Eysenhardtia, Ficus, Jatropha, Leucanea, Pis-
tacia, Pachycormus, Passiflora, Piscidia, Pithecolobium, Tapiria, 
Schaefflera, Randia, Xanthoxylum. 

Sage 
Rhus (R. integrifolia, R. laurina). 



To judge from similar modern communities, annual precipitation 
in the coastal strip was near 30-35 inches, decreasing to approx
imately 25 inches in the interior lowlands, and most of it was 
distributed during the warm season. Temperatures were mild, 
with frost absent and with summers warm but not excessively hot. 

Emphasis must be placed on the occurrence of species of Mad
ro-Tertiary alliance in central Nevada during the late Miocene, 
where they are recorded in the ecotone with the Arcto-Tertiary 
Geoflora (Axelrod, 1956: Wolfe, 1964). Among the fossil plants 
are species closely similar to: 

**Aesculus parryi **Lyonothamnus floribundus 
Amelanchier utahensis Platanus racemosa 
Amorpha californica **Populus brandegeei 
Arbutus xalapensis Peraphyllum ramosissimum 
Bumelia lanuginosa Pinus monophylla* 
Cercocarpus betuloides Quercus wislizenii 

**Cercocarpus alnifolius - Rhamnus californica 
C. traskiae **Rhus integrifolia 

Fraxinus anomala Rhus ovata* 
Fraxinus velutina Robinia neomexicana 
Juglans major Sapindus drummondii 

"'"'Juglans californica* Symphoricarpos oreophilus 
Juniperus californica -

J. utahensis 

*Represented in Early Pliocene floras. 
**'Insular or restricted coastal in occurrence today. 

Members of thorn forest vegetation are not now known in this 
ecotone between the Arcto-Tertiary and Madro-Tertiary Geofloras. 
As discussed elsewhere (Axelrod, 1950e, pp. 234-238), the floris¬ 

tic boundary between these geofloras coincided approximately 
with the present one between the Mohave and Great Basin deser ts , 

and it has been in existence since early Miocene time at least , 
possibly the rapid floristic change northward was due chiefly to 

cooler climate there, which may have resulted from a gradual rise 
to a plateau that had an altitude of about 2,000-2,500 feet, on 

which there were scattered low mountains and active volcanoes 
Axelrod, 1956, fig. 16; 1957). 

In central California, Miocene floras near sea level (Neroly. 
ondit, 1938. Cierbo, Temblor, U. C. Mus. Pal.) reveal a typical 

Arcto-tert iary Geoflora. A relict Taxodium forest dominated 
wamps, and the adjacent flood plain supported a deciduous hard

wood forest. P lan ts representing the following genera are re
corded: 

Swamp 
Berchemia, Nyssa, Persea, Smilax, Taxodium, Typha 

Floodplain 
Alnus, Castanea, Ilex, Juglans, Magnolia, Myrica, Platanus, 

Populus, Prunus, Quercus, Rosa, Salix, Tetracera, Umbellularia 

On the low western s lopes of the central Sierra Nevada a few 
tens of miles to the east , the Miocene Valley Springs (Axelrod, 
1944a), Table Mountain (Condit, 1944b) and Remington Hill 
(Condit, 1944a) floras reveal an ecotone between the Arcto-
Tertiary and Madro-Tertiary Geofloras. Madro-Tertiary spec ies 
appear to have been confined chiefly to well-drained drier and 
warmer s lopes , with Arcto-Tertiary plants in the we t t e r v a l l e y s . 
Only a few species of present day southern California coastal 
and insular all iance are recorded in this area, probably because 
of the somewhat cooler climate than in southern California where 
they were well represented at this time. Among the plants in the 
Arcto-Tertiary—Madro-Tertiary ecotone at low alt i tudes in the 
central Sierra Nevada were: 

Arcto-Tertiary Geoflora 
Acer, Aesculus, Alnus, Berchemia, Carya, Cercis, Chamae-

cyparis, Cornus, Crataegus, Ilex, Liquidambar, Magnolia, Mahonia, 
Nyssa, Persea, Philadelphus, Populus, Quercus, Rhododendron, 
Sequoia, Salix, Torreya, Ulmus, Vitis 

Madro-Tertiary Geoflora 
Woodland (including riparian) 

Forestiera, Juglans (J. californica), Lyonothamnus, Mahonia 
(M. lanceolata), Platanus, Populus, Quercus (Q. chrysolepis, 
Q. douglasii, Q. dumosa, Q. engelmannii, Q. wislizenii), Robinia, 
Sapindus, Umbellularia, Ungnadia, Pinus (P. attenuata) 

Chaparral 
Arctostaphylos, Ceanothus, Cercocarpus, Mahonia, Prunus 

(P. ilicifolia), Quercus (Q. dumosa) 

At higher al t i tudes in the Sierra where precipitation exceeded 40 
inches, the more humid deciduous hardwood forests are wholly 
dominated by Arcto-Tertiary plants , as shown by the Mohawk, 
Carson P a s s , and Niagara Creek floras (Axelrod, 1957). 

The Madro-Tertiary Geoflora evidently extended southward in
to Baja California during the Miocene, along a volcanic chain that 
was then in existence (Axelrod, 1958b, pp. 490-497). A former 
connection is indicated by the presence in southern California of 
fossil relat ives of species now endemic to the Cape flora, includ-



ing Populus brandegeei (= P. monticola), Arbutus peninsularis, 
Ilex brandegeeana, and Quercus brandegei. Other members of 
woodland vegetation in the Cape Region include spec ies such as 
Pinus monophylla, Heteromeles arbutifolia, Rhus laurina, and Pla¬ 
tanus racemosa that are typically Californian today, and addi
tional plants occur scattered in the mountains to the north in 
favorable s i t e s . Most notable of these spec ies is Prunus lyonii 
at San Julio Canyon in the central peninsula area. Foss i l rela
tives of all of these plants were associa ted with those of pres
ent insular occurrence (Lyonothamnus, Quercus tomentella, etc.) 
in the Miocene of southern California. That the Miocene relat ives 
of present California insular endemics ranged southward into 
Baja California may reasonably be inferred from this floristic 
and paleobotanical evidence. A search for fossil pollen in the 
finer ash beds associa ted with the Comondu volcanics in central 
Baja California should provide critical evidence with respect to 
this problem. 

Finally, it must be noted that the age relations of closed-cone 
pines (fig. 4) show that both the coastal and insular spec ies that 
comprise the group were already evolving slowly during the middle 
ter t iary. This is paralleled by the comparatively slow rates of 
evolution of fossil pines elsewhere in the western United States , 
Some of which were similar to living spec ies in the Eocene 
Pinus aristata, P. monticola) and early Oligocene (P. ponderosa). 

A generally slow rate of evolution for closed-cone pines since 
the middle Tertiary is a lso suggested by the occurrence in Oligo
cene and Miocene floras of western Europe of other spec ies of 
the section Insignes: They can scarcely be distinguished from 
pines now in eastern America (P. rigida, P. serotina, P. virginiana) 

and western Europe (P. brutia, P. halepensis) (Gaussen, 1960). 
On the case of the coastal pines, a slow rate of evolution would 
be particularly enhanced by their occurrence in highly equable 

sites where the environment-organism relation was comparatively 
stable during the middle and later Tertiary. 

The he modern character of the Miocene spec ies (Pinus laivsoni
(missing word), P. pretuberculata) indicates that splitt ing of the ancestral 
form into different adaptive groups occurred prior to the middle 
(missing start to word) -ocene. In view of the absence of fossi ls of pre-Miocene age 

that represent the group, the nature of the ancestral species is 
still unknown. However, floristic evidence provides a clue to 
the time when the divergent adaptive groups may have become 

established. Martinez (1945) places the closed-cone pines in the 
(missing start to word) oup Peninsulares which includes species that live in Mexico, a 

region in which many other plants occur that have close relat ives 
(missing word) the Tertiary floras of southern California. Since the Madro-

rtiary Geoflora commenced to invade southern California from 
(missing word) interior during the Eo-Oligocene transition, an ancestral pine 



may have evolved into different adaptive types during the migra
tion of the geoflora toward the coast , in response to environmental 
differences in the temperate uplands in the interior. This is con
s is tent with the occurrence of the nearest relat ives of the Cali
fornian pines in Mexico. P. greggii and P. patula have cones 
similar to those produced by P. attenuata, and those of P. oocarpa 
and P. pringlei resemble P. remorata. On this bas i s , forerunners 
of the closed-cone pines may have evolved long before they 
reached California, a region where they have persisted under mild 
maritime climate. Clearly, a more complete fossil record is re
quired to set t le this problem. 

In any event, there is no compelling evidence to support the 
hypothesis (Mason, 1932, 1934) that the pines evolved in Cali
fornia during the Ple is tocene , and probably in insular isolation. 
As d iscussed in detail in a preceding paper (Axelrod, 1967), and 
summarized here, all of the arguments advanced for insular isola
tion can be countered with other al ternat ives, or with new evi
dence that weakens the theory. 

1. The high percentage of endemism in the Californian insular 
flora need not indicate evolution in insular isolation, but only 
restriction to the insular region. This is consistent with the 
occurrence of pines similar to Pinus radiata and P. muricata in 
interior areas during the Pliocene (Mount Eden, Santa Paula) , and 
with fossil evidence which shows that the woody endemics (Ly
onothamnus floribundus, Prunus lyonii, Cercocarpus alnifolius, 
Quercus tomentella) now associated with the pines in the insular 
area also ranged more widely on the continent during the Miocene 
and Pl iocene. 

2. To call on insular isolation it is also necessary to deny 
migration over dis tances of only a few miles. In other words, if 
species ancestral to the pines and their endemic assoc ia tes were 
transported to islands only a few miles offshore where climate 
was similar to that on the adjacent mainland, migrants would con
tinue to arrive and there probably would be no genetic isolation 
of the sort required for the establishment of unique specific 
characters. 

3. Since the is lands were small, it also calls for evolution in 
a very restricted area. To judge from the fossi l record, the bas is 
for speciation in Pinus has been broad ecologic differentiation, 
associated at some time with spatial isolation. That habitat dif
ferences were also responsible for evolution of the coastal pines 
is clearly implied by their distributional relations today. They 
(cut word) ocally come into contact, where they may hybridize, but each 
species l ives in a different habitat, whether P. remorata and P. 
(cut word) nuricata on Burton Mesa, P. muricata and P. radiata at Monterey, 
P. attenuata and P. radiata near Swanton, or P. muricata and P. 
(cut word) emorata near San Vicente. Restricted insular habitats probably 

were not different enough for speciation to have occurred chiefly 
because there was far l e ss diversity in climate and substrate in 
pre-Miocene time than there was in this region during Ple is tocene 
and later t imes. 

4. Mason asser t s that there is a correlation between the pines 
and areas that were late Cenozoic i s lands , and s t a tes that they 
occur on the southern mainland only in local i t ies that were Terti
ary i s lands . Geologic evidence assembled over the past 30-odd 
years shows that most of the structural features (faults, positive 
blocks, or islands) to which he refers are younger than the pines , 
whose history extends into the early Miocene at a minimum. Fur
ther, some of the presumed is lands (e.g. , Burton Mesa) were 
flooded by sea in the late P le i s tocene: others (e.g. , Purisima 
Hills) were elevated during the middle P le i s tocene ; some (e.g., 
Cambria, San Vicente) were not is lands; and other areas presently 
insular (e.g., Guadalupe Islands; Northern Channel Islands) are 
younger than fossil species that can scarcely be distinguished 
from the living pines. 

5. Mason also contends that the homogeneity of the spec ies 
content of the late Ple is tocene forest and the absence of the red
wood forest in the Ple is tocene of the coastal area support the 
idea of insular isolation. These forests are scarcely associa ted 
today, and then only marginally where the pine forest reaches 
inland. The pine forest lives at lower alt i tudes and nearer the 
coast, where fog is more persistent in summer and where frost is 
less frequent — it requires a more temperate climate than the red
wood forest. Clearly, the remains of a redwood forest living two 
to three miles upstream would contribute but rarely (as at Car-
pinteria) to a record being built up by a closed-cone pine forest 
at the coast . 

The fossil record from the middle Miocene on down to the pres
ent shows that the forest has occurred along the coast together 
with other members of the geoflora, and under a climate of pro
nounced temperateness (Bailey, 1960, 1964). That climate of the 
outer coastal strip was markedly different from that over the low
lands a short distance inland during the middle and later Tertiary 
is apparent (Axelrod, 1956, fig. 16). As noted above, during the 
Miocene the coastal area supported relict patches of the Neo
tropical Tertiary Geoflora as far north as Monterey, and possibly 
farther north. A short distance inland in central California, Mio
cene floras reveal a typical Arcto-Tertiary Geoflora. Most of its 
plants , which represent mixed deciduous hardwood forest, are 
totally different from those on the outer coast , and they lived 
under somewhat more extreme (though mild) conditions. 

When the evidence for a mild climate in the coastal strip is 
added to that which shows (a) that closed-cone pines very similar 
to living spec ies occurred in the Miocene and Pliocene of south-



em California under similar conditions, (b) that closely related 
pines occur in Mexico today, (c) that the nature of their Miocene 
and Pliocene assoc ia tes suggests a Madro-Tertiary source, (d) 
that they migrated northward in the coastal strip together with 
Madro-Tertiary species to central California during the late Mio
cene, then it seems highly probable that: (1) the pines and their 
endemic assoc ia tes represent species of a flora that has long 
been adapted to a climate of pronounced temperateness , (2) they 
have been undergoing relatively slow evolution since Oligocene 
time in the temperate uplands in the interior, along the coastal 
strip, and on the is lands , and (3) the closed-cone pine forest and 
its associated woody endemics may be regarded as a highly tem
perate phase of the Madro-Tertiary Geoflora that pers is ted be
cause of isolation in the only remaining area in the western 
United States where highly temperate climate st i l l occurs. 

Summarizing, during the Miocene coastal southern California 
supported relict s tands of Neotropical-Tertiary Geoflora which 
were being supplanted by a temperate phase of the Madro-Tertiary 
Geoflora composed of closed-cone pine forest, oak woodland and 
chaparral. This coastal phase , with fossil relat ives of modern 
endemics in it, occupied the outer coastal strip and i s lands , rang
ing north to at least Monterey, and southward through the volcanic 
uplands of Baja California. In the lowlands of interior southern 
California, woodland, chaparral, and thorn scrub were present, 
with the former two communities ranging north to interfinger with 
he Arcto-Tertiary Geoflora in central Nevada. Relat ives of in
sular endemics are present, but closed-cone pine forest and thorn 
forest are not recorded there, probably because of more extreme 
c:limate over the lowlands. Closed-cone pines probably were in 
the uplands of interior southern California, for they occur there 
in the Pl iocene . In central California away from the outer coast 
the temperate Arcto-Tertiary Geoflora was dominant, interfinger-
ing with oak woodland and chaparral on the low Sierran slopes 
,'here there were some relat ives of insular and maritime endemics. 

Pliocene 

There appears to have been a connection between the Northern 
Channel Islands and the mainland during the Pl iocene (fig. 5). 
'his was along the axis of the present Santa Monica Mountains 
which extends seaward to include the Northern Channel Islands 
today, and displays the same formations and complexly faulted 
(cut word) nticlinal structure. This si te was a geosyncline in the early and 
middle Miocene, but uplift commenced in the upper Miocene. This 
is; illustrated by marine rocks (Modelo formation) of this age that 
the with angular discordance on lower and middle Miocene rocks, 

Fig . 5. Generalized land-sea relations during Pl iocene , with land 
areas st ippled. Connections between the Northern Chan
nel Islands and the Catalinan Islands are probable, but 
the actual links are not es tabl ished (after Corey, 1954). 

yet a few miles to the north and south — in the Ventura basin and 
Los Angeles basin — deposition was continuous through the Mio
cene and into the Ple is tocene (Jahns, 1954; Durrell, 1954). The 
absence of Pl iocene marine rocks along the Santa Monica ax is , 
as contrasted with the thick sect ions in the basins to the north 
and south, suggests a post-Miocene (post-Modelo) uplift of at 
leas t moderate magnitude which extended west to include the 
present Channel Islands where Pl iocene marine rocks are also 
absent. 

Foss i l floras have been described from three local i t ies (fig. 5), 
Mount Eden (Axelrod, 1937, 1950b), Piru Gorge (Axelrod, 1950d), 
and Anaverde (Axelrod, 1950c); and collections have been made 
at Mill Creek east of Redlands and near Santa Paula . Species 
representing several kinds of vegetation are recorded: 

Big-cone Fores t 
Acer, Amorpha, Philadelphus, Pinus (P. coulteri), Populus (P. 

angustifolia, P. trichocarpa), Pseudotsuga (P. macrocarpa), Quer-
cus (Q. chrysolepis). 

Closed-cone pine Fores t 
Pinus (P. attenuata, P. radiata). 



Woodland 
Amelanchier, Arbutus (A. xalapensis), Bumelia, Cupressus, 

Juglans (J. californica, J. rupestris), Peraphyllum, Platanus, Per-
sea, Populus (P. fremontii, P. brandegeei), Pinus (P. sabiniana), 
Prunus (P. lyonii), Quercus (Q. agrifolia, Q. douglasii, Q. engel-
mannii), Sabal, Salix, Sapindus. 

Chaparral 
Arctostaphylos (A. glauca, A. pungens), Ceanothus (C. cunea-

tus, C. leucodermis, C. spinosus), Cercocarpus, Fraxinus, Fre-
nontodendron, Prunus (P. andersonii, P. fremontii, P. ilicifolia), 
Quercus (Q. dumqsa, Q. palmeri), Rhamnus (R. californica, R. 
Ilicifolia), Rhus (R. ovata). 

Sage 
Rhus (R. laurina). 

Thorn Forest 
Baccharis, Cardiospermum, Cercidium, Chilopsis, Colubrina, 

Condalia, Dodonaea, Ephedra, Eysenhardtia, Ficus, Forestiera. 

Pliocene floras from inland s i tes in southern California in-
dicate floristic impoverishment as compared with those of the 
Miocene. Oak woodland is l e ss diverse in composition, as is 
Chaparral. Thorn scrub also has fewer genera represented, and 
in the Anaverde and Mount Eden areas i ts species appear to have 
contributed to semi-desert communities. The decrease in generic 
diversity seems due in part to reduced summer rainfall that re-
sulted in the elimination of woodland and chaparral plants from 
the region whose descendants now occur in the area from southern 
Arizona to central Texas and south into Mexico, including the 
ape Region of Baja California. Lowered winter temperature 
appears to explain the reduction of species representing thorn 
forest , and also the elimination of all but the hardiest re l ic ts 
(Persea, Sabal) of the Neotropical-Tertiary Geoflora. 

These inferred relat ions are consistent with evidence afforded 
by the few Pliocene floras now known from Nevada that also pro-
vide a marked floristic contrast with those of later Miocene age. 
in the middle Pliocene Verdi flora near Reno (Axelrod, 1958b), 
California oak woodland and chaparral are present, as shown by 
species similar to Ceanothus cuneatus, Quercus engelmannii-
. oblongifolia, Q. lobata, Q. wislizenii, and Salix gooddingii. 
they lived at the lower margin of a yellow pine forest of semi-
arid aspect to judge from the occurrence of a pine similar to Pinus 
tenuata in it. This drier forest appears to have supplanted a 
mesic Sequoiadendron forest that dominated the nearby area ear-
lier in the Pliocene (Axelrod, 1962), and also in the late Miocene 

(Axelrod, 1956, 1959b). In the Truckee formation 50 miles eas t 
of Reno there are fossi ls similar to Juglans californica, Juniperus 
utahensis-J. californica, Purshia tridentata, Quercus wislizenii, 
and Rhus lanceolata. To the south near Coaldale, the Esmeralda 
flora (Axelrod, 1940b; Page , 1965) contains spec ies allied to 
plants representing oak-juniper woodland (Juniperus californica-
1. utahensis, Prunus andersonii, Quercus arizonica, Q. chryso-
lepis) and chaparral (Arctostaphylos glauca, Cercocarpus betu-
loides, Mahonia fremontii, Rhus ovata). Stream margins supported 
species that resemble Celtis reticulata, Lyonothamnus (wood), 
Populus trichocarpa, P. angustifolia, Salix exigua, and Umbellu-
laria californica. The reduced numbers of plants that require 
mild climate, and notably those of insular affinity, appears to 
reflect the more intemperate climate that developed over the 
region following the late Miocene and eliminated most spec ies of 
insular and coastal all iance by the middle Pl iocene (Verdi, 
Truckee floras). 

In the coastal sector of southern California, there are a few-
records of fossi ls representing closed-cone pine forest. Local i
t ies high in the Pico formation in the Ventura basin have yielded 
cones at s i tes near Santa Paula , and on the coast six miles and 
10 miles northwest of Ventura, that are similar to Pinus muricata. 
To judge from a poorly preserved Pliocene flora near Santa Paula , 
their a s soc ia tes included species of oak woodland and chaparral 
vegetation. Palynological data provided by a core at Wilmington 
(Gray, in Martin and Gray, 1962) show that early Pliocene floras 
in the coastal strip were dominated by closed-cone pine forest. 
The pines and cypress-juniper make up fully 40-50 per cent of the 
samples. Associated plants include oak woodland and chaparral 
vegetation typical of the Madro-Tertiary Geoflora, as indicated 
by pollen referred to Celtis, Fraxinus, Fremontodendron, Juglans 
and Quercus. Rare records of temperate plants (Abies, Betula-
ceae) suggest that patches of the Arcto-Tertiary Geoflora occu
pied hil ls at the si te of the Peninsular Ranges to the eas t , though 
possibly the pollen was transported from the low Sierran axis to 
the north. 

During the Pliocene we may infer that the flora of the insular 
region was composed of plants like those on the adjacent (and 
connected) mainland. Closed-cone pine forest characterized the 
region, associa ted with more mesic spec ies of woodland and chap
arral and with sage on the drier s lopes . A few rel ic ts of the 
Neotropical-Tertiary Geoflora (Persea, Sabal) were sti l l persis t
ing in mild, sheltered, well-watered val leys . Since fossil species 
similar to insular endemics (Ceanothus insularis, Cercocarpus 
traskiae, Lyonothamnus floribundus, Prunus lyonii, Quercus to
mentella) are recorded on the adjacent mainland during the Mio
cene and Pl iocene , they probably also inhabited the insular area 
together with the coastal p ines . 



It was during the middle Pliocene and the early part of the 
late Pliocene,, the driest part of the Tertiary, that members of the 
Madro-Tertiary Geoflora ranged well to the north in California, 
displacing the Arcto-Tertiary Geoflora over the lowlands there 
for a brief time (see below). At this time Lyonothamnus and 
Quercus tomentella still had close relat ives in west-central Cali
fornia, together with species similar to those now in southern 
California, notably Celtis reticulata, Ceanothus spinosus, C. 
leucodermis, Quercus palmeri, Rhus laurina, and R. ovata. In 
addition, there are fossil plants related to spec ies that now live 
in regions far to the south and east , plants that resemble Ilex 
brandegeeana, Mahonia fremontii, Quercus vaseyana, Robinia neo-
mexicana, and Sapindus drummondii (Axelrod, 1944a, 1944b, 1944c, 
.950 a). 

These records, which are based on leaves , are now supplemented by palynological evidence. In connection with our study 
of the sequence of pollen floras in the type Merced formation on 
the coast south of San Francisco, Dr. W. S. Ting has identified 
several plants that are distinctive of the southern California 
province, including a few that are insular or maritime today. In 
rocks of middle to early upper Pliocene age, in which closed-cone 
pine forest is dominant (60-70 per cent), are species similar to: 

closed-cone pine forest 
*Pinus muricata Cupressus sp . 
*Pinus radiata 

Woodland-Chaparral 
Pinus sabiniana Cercocarpus betuloides 

*Juglans californica *Lyonothamnus floribundus 
Quercus dumosa *Rhus integrifolia 

*Quercus tomentella Ceanothus spp. (several) 
Quercus wislizenii Fraxinus velutina 
Dendromecon rigida Forest iera neomexicana 

*Restricted to insular and/or coastal southern California 

coastal sage was also present to judge from the occurrence of 
(cut word) nera such as Artemisia, Eriogonum, and Lupinus in this pollen 
(cut word) cord. Members of the Arcto-Tertiary Geoflora occur in small 
members in the middle part of the section, and increase at higher 
levels as species representing closed-cone pine forest, woodland, 
and chaparral essent ial ly disappear from the spectrum. Arcto-
tertiary spec ies evidently occupied cooler slopes in adjacent 
(cut word) ly tracts when the Madro-Tertiary Geoflora was dominant in the 
(cut word) er middle Pliocene part of the sect ion. The mild semi-arid 
(cut word) cure of the middle Merced flora is apparent, and the differences 

between it and floras to the eas t (Mulholland, Petaluma, Oakdale) 
are consistent with the nature of the sample and also with region
al differences in climate and vegetation — much as existed in the 
Miocene. Closed-cone pine forest occurs throughout the Merced 
formation (5,000 feet thick), indicating that it continuously occu
pied the coastal strip from near the close of the early Pliocene 
into the P le i s tocene . To judge from its absence in late Miocene 
and Pl iocene floras only a few miles to the east , and i ts presence 
in the Miocene and Pl iocene floras of coastal southern California, 
it appears to have migrated northward along the outer coast dur
ing the later Tertiary as a maritime phase of the Madro-Tertiary 
Geoflora. 

In view of the importance of the flora of Cedros Island to the 
general problem, it seemed desirable to secure samples of the 
later Pl iocene marine rocks of the area and examine them for their 
pollen content. Dr. W. S. Ting has recovered some pollen and 
spores from the samples, and notes that Pinus muricata is abun
dant, and that Cercidium, Ephedra, Lycium, Salix, a n d other 
plants are represented. The data show that the forest occupied 
Cedros Island during the later Pl iocene , but whether it was here 
somewhat earlier is not now known. Study of spores and pollen 
from the underlying Miocene rocks may indicate whether it was 
already es tabl ished there as part of the Madro-Tertiary Geoflora 
during the middle Tertiary, or whether the forest migrated south
ward into the region during the later Pl iocene as precipitation 
increased. 

Summarizing, P l iocene vegetation differed importantly f r o m 
that of the Miocene owing to the reduction in summer rainfall and 
to lowered winter temperature. The Arcto-Tertiary Geoflora had 
lost many members of the Eas t American and Eas t Asian Ele
ments, and the relict patches of Neotropical-Tertiary Geoflora in 
the coastal strip had largely disappeared. Certain members of 
woodland, chaparral and thorn forest vegetation of the Madro-
Tertiary Geoflora were gradually eliminated from the region dur
ing the Pl iocene, and now survive in summer-wet regions to the 
south and eas t . 

3. Acknowledgment is due Dr. Leo G. Hertlein of the California 
Academy 6f Sciences and Dr. Richard Tedford, Department of 
Geology, University of California, Riverside, who have gener
ously provided rock samples from the section that yields the 
fauna, and also Dr. J. Wyatt Durham of the Department of Pale
ontology, University of California, Berkeley, who donated two 
large molluscs filled with sediment. 



The outer coastal strip and islands supported closed-cone 
pine forest, woodland, and chaparral, extending from central Cali-
fornia into Baja California, and with closed-cone pine forest 
recorded as far south as Cedros Island late in the epoch. Insular 
endemics occurred on the mainland, and presumably occupied the 
insular area together with pine forest, woodland, and chaparral, 
and a few relict Sierra Madrean woodland spec i e s . Dry middle 
Pliocene climate in central California and Nevada confined de-
(cut word) auperate Arcto-Tertiary forests to the adjacent h i l l s , and enabled 
woodland and chaparral to dominate the lowlands. They also 
characterized the basins of interior southern California, where 
(cut word) ligcone forests occupied bordering hi l l s . Although members of 
he insular flora occurred with woodland and chaparral in both 
central California and interior southern California, as well as in 
the coastal strip, they had largely been eliminated from central 
Nevada by the middle Pliocene owing to the more intemperate 
climate there. 

Plio-Pleistocene Transition 

The late Pl iocene and early Ple is tocene landscape of southern 
California differed appreciably from that of today (Jahns, 1954; 
(cut word) ailey and Jahns , 1954). Seaways more restricted than those of 
the Miocene flooded the coastal strip from Santa Barbara into the 
Ventura area, and up the Santa Clara River basin to near Casta ic 
Fig. 5). Marine sediments of similar age accumulated in the west¬ 
ern Los Angeles basin, extending south to the area of the Santa 
Ana River. Farther south the region was emergent to judge from 
the absence of marine rocks there except locally at San Diego. 
the Transverse and Peninsular ranges were appreciably lower 
than at present, having alt i tudes approximately half those of the 
present day, and some (Santa Ana Mountains, Puente Hil ls , South 
Mountain, Santa Suzanna Mountains) were not yet elevated, or 
scarcely so. The Santa Monica Mountains sti l l extended seaward 
as a peninsula to include the Northern Channel Is lands , and con
(cut word) tions to the is lands farther south may have been present over 
(cut word) tes now submerged. 

Floras of Pl io-Pleis tocene age have not yet been discovered 
in southern California. The known record includes only a few 

fossil cones, chiefly of late Pliocene age. Local i t ies for Pinus 
(cut word) isonii Dorf (cf. P. muricata) are on the coast at P i t as Point and 
Punta Gorda northwest of Ventura, and also 20 miles eas t near 
Santa Paula . In addition, one of the coastal local i t ies (Pi tas 
Point, northwest of Ventura) has yielded a broken cone and seeds 
P. pieperi. which are similar to P. sabiniana; and they were 

probably transported coastward from the interior (Dorf, 1933). 

This interpretation is consistent with another record of this spe
cies at a locality in Lake Canyon, east of Ventura (Wiggins, 
1948). Farther up the Santa Clara River valley cones similar to 
those of Pseudotsuga macrocarpa occur in the upper Pico forma
tion near Newhall. The meager record thus shows that the coastal 
strip supported closed-cone pine forest, and that digger pine and 
big cone spruce forests occupied interior va l leys . In view of the 
inadequate evidence, it is necessary to turn to sequences in 
areas to the eas t and north, for they suggest the nature of the 
changes that probably were occurring in the vegetation of southern 
California at this time. 

During the Pl io-Ple is tocene transition in west-central Cali
fornia yellow pine forest was near the floor of Napa Valley (Axel-
rod, 1950a); it inhabited the low hills of the S a n F r a n c i s c o 
peninsula to judge from the Merced pollen floras (Axelrod and 
Ting, manuscript) and the early Ple is tocene Santa Clara flora 
(Hannibal, 1911; Dorf, 1933; Axelrod and Ting, manuscript); it is 
recorded on the floor of the San Joaquin Valley in the Kettleman 
Hills area (Axelrod and Ting, manuscript); and it reached east
ward from the Sierra Nevada into western Nevada near Wichman 
and into the Owens Gorge area farther south (Axelrod and Ting, 
1960). Furthermore, during the early part of the Ple is tocene the 
ecotone between fir and yellow pine forest was close to the eas t 
base of the Sierra Nevada escarpment in the Owens Valley region 
(Axelrod and Ting, 1961), and the early Ple is tocene Coso florules 
show that yellow pine forest ranged east to Panamint Valley 
(Axelrod and Ting, 1960). The Soboba flora of interior southern 
California reveals yellow pine forest at the floor of San Jacinto 
Valley (Axelrod, 1966a). In all these areas forest replaced wood
land and chaparral over the lowlands. The relat ions suggest that 
precipitation increased to nearly twice its earlier amount, and 
that temperature was lowered appreciably. The climatic change 
from the middle-late Pl iocene to the Pl io-Ple is tocene transition 
was roughly equivalent to lowering the vegetation (and climatic) 
zones on the order of 2,500-3,000 feet. 

It was at this time that the lowland area of southern California 
received the first invasion of Arcto-Tertiary plants , though they 
may earlier have penetrated into the region along the low back
bone of the ancestral Sierra Nevada and Transverse-Peninsular 
ranges. As noted above, the Soboba flora near San Jacinto shows 
that yellow pine forest lived at the floor of San Jacinto Valley 
where it mingled with bigcone spruce—Coulter pine forest. Pre
cipitation was about 30-35 inches as compared with 15 today, and 
the basin had an altitude near 1,000 feet. The evidence suggests 
that climate was sufficiently cool and moist to enable yellow 
pine forest to migrate from the Sierra Nevada into southern Cali
fornia during the first glacial stage (Nebraskan), occupying the 



lowlands and the lower slopes of mountains then at the s i tes of 
the eastern Transverse and Peninsular ranges, and probably rang
ing southward into the San Pedro Martir in Baja California. 

From these relations it may be inferred that closed-cone pine 
forest occupied the mildest part of the outer coastal strip and the 
insular region as well. Since climate to the north and in the in-
terior was sufficiently cold to support yellow pine forest over the 
lowlands, it is likely that redwood, tanoak - madrone, and Douglas 
fir forests shifted southward to occupy hil ls above closed-cone 
pine forest much as they do on the central California coast today, 
a distribution that also parallels their occurrence in coastal 
southern California during the later P le is tocene (see below). It is 
apparent that a palynological study of the rocks of Plio-Pleisto¬ 
cene age in coastal southern California may provide significant 

evidence with respect to vegetation and climate at this critical 
time in the history of vegetation of the region. Rocks of this age 
are well exposed in the Santa Barbara-Carpinteria area (Santa 
Barbara-Casitas formations), in the Ventura basin (upper Pico-
Saugus formations), and at San Diego (upper San Diego formation). 

Middle Pleistocene 

Major deformation during the middle Ple is tocene (Pasadenan 
orogeny) elevated the Transverse Ranges , Peninsular Ranges , and 
Coast Ranges to approximately their present alt i tudes (Reed, 
1933; Reed and Hollister, 1936; Jahns , 1954; Bailey and Jahns , 
1954; King, 1958). Evidence for regional deformation and uplift 
in southern California is provided by lower Ple is tocene marine 
rocks in the Ventura basin totalling 5,000 feet in thickness which 
were folded together with the conformably underlying Pliocene 
and older formations, and now dip steeply (20°-75°). These folded 
rocks are overlain by nearly flat-lying marine and non-marine strata 
of late Ple is tocene age. In the Los Angeles basin, fully 2,000 
feet of folded lower Ple is tocene marine rocks are blanketed by 
early horizontal, loosely consolidated sediments that yield late 
P le i s tocene marine and non-marine foss i l s . Similar sequences of 
thick formations of folded Pliocene and early Ple is tocene rocks 
overlain by scarcely disturbed upper Ple is tocene rocks occur also 
in the interior, as in Ridge Basin, the Beaumont-San Jacinto area, 
and in the Borrego region. 

The mid-Pleistocene deformation, which is post-Kansan (Gla¬ 
cial II) in age, uplifted the older Transverse a n d Peninsular 
ranges as well as the intrabasin ranges composed chiefly of sedi¬ 
mentary rocks (South Mountain, Santa Suzanna Mountains, Puente 
Hills). They are complex structurally, being folded and bounded 
by major thrusts and high angle normal faults that affect early, 

but not late , P le is tocene rocks. It was at this time that the con
nection between the Northern Channel Is lands and the mainland 
probably was severed. The anticlinal axis of the Santa Monica 
Mountains plunges west into the ocean, suggesting that as the 
eastern part was elevated and eroded to expose basement (gran¬ 
itics, metamorphics, Cretaceous rocks), the western end was de
pressed, leaving only the highest peaks standing emergent as the 
present i s lands . 

Late Pleistocene 

The landscape of the region assumed its present outlines due 
to the mid-Pleistocene orogenic episode. Warping and faulting 
have increased the alt i tudes of the ranges only slightly since 
then, and marine incursions were restricted in area, flooding only 
the immediate coast where there are now narrow marine terraces . 
The only appreciable marine embayment was a small one in the 
southern Los Angeles basin. 

The changes in vegetation that occurred in the coastal and 
insular region during the late Ple is tocene may be judged from the 
Willow Creek flora of Santa Cruz Island (Chaney and Mason, 1930), 
from the Carpinteria flora (Chaney and Mason, 1933), and from 
the small Rancho La Brea flora (Frost, 1927; Mason, 1927; 1932, 
p. 51) at Los Angeles. The Willow Creek flora, dated by radio
carbon as 14,400 ± 250 years (Fergusson and Libby, 1963), in
cludes logs of Pseudotsuga up to three feet in diameter. Asso
ciates include Pinus remorata which sti l l l ives on the island, as 
well as Cupressus goveniana, Myrica californica, Ceanothus thyr¬ 
siflorus, Garrya elliptic a, and Cornus californica. The species 
of Pseudotsuga, Cupressus, and Garrya are now more northerly in 
distribution. Ceanothus is also a northern species apart from a 
relict occurrence in the nearby Santa Ynez Mountains, as is My
rica which ranges only slightly farther south. 

The Carpinteria flora, d a t e d by radiocarbon as o l d e r than 
38,000 years (Fergusson a n d Libby, 1964), i s dominated by 
closed-cone pine forest, with Cupressus goveniana, Pinus muri¬ 
cata, P. radiata, and P. remorata, all represented. Associa tes 
include Myrica californica, Quercus agrifolia, Umbellularia cali
fornica, Ceanothus thyrsiflorus, Garrya elliptica, Eriodictyon 
californicum, Sambucus caerulea, Rhus diversiloba, Cymopteris 
littoralis, and Chorizanthe pungens. Also present are waterworn 
logs and chips of Sequoia sempervirens and Pseudotsuga. The 
absence of cones, needles , and leafy twigs of these conifers in
dicates that the wood was transported for at leas t a moderate 
d is tance, for if they had lived nearby these structures would be 
abundantly represented. Since a detailed geologic study demon
s t ra tes that the deposit was laid down in a stream valley (Putnam, 



942), the waterworn chips and logs probably were transported to 
the site by streams draining the Carpinteria plain. Redwood may 
have lived in sheltered canyons upstream from closed-cone pine 
forest where climate was wet te r and less temperate, much as it 
occurs today a short distance inland from Monterey pine forest at 
Carmel and Ano Nuevo Point. The discovery of a waterworn cone 
of Pseudotsuga macrocarpa in the Carpinteria deposit , which is 
considered to have lived in the mountains directly north (Mason, 
940), adds support to the interpretation. The record also sug¬ 
gests that some (or all?) of the wood identified as P. taxifolia in 
this flora may represent P. macrocarpa, though both spec ies may 
have been present. It is tentatively concluded that redwood prob¬ 
abily occupied the lower slopes of the Santa Ynez ridge during the 
late P le is tocene; a pollen analysis of the rocks should provide 
evidence with respect to this problem. 

The Willow Creek and Carpinteria floras i l lustrate that the 
monterey pine, redwood, and Douglas fir forests shifted fully 200 
miles south during the last glacial , and that they have since retreated 

to their present areas (for reasons , see below). These 
floras also include species ( i .e . , Ceanothus thyrsiflorus) that 
live persis ted as rel icts in the nearby region, but which other-
wise occur only far to the north. The present flora of the immediate 

region includes a number of other plants of this a l l iance. On 
Santa Cruz Island there are Arbutus menziesii, Vaccinium ovatum, 
and Ribes malvaceum, as well as many herbs (see Munz, 1935, 

xxvii) that are typically northern (Monterey Co. and north) in 
distribution, and they presumably are rel icts of the last glacial 
age. Of special interest , however, is the relict stand of tanoak-
madrone (Lithocarpus-Arbutus) forest at San Marcos P a s s , for it 

is a characterist ic community of central California, like the red-
wood, closed-cone pine, and Douglas fir forests which earlier 
lived in the Santa Barbara region. The tanoak-madrone community 
ranges continuously south in the Coast Ranges to the southern 
Santa Lucia Mountains (Cuesta P a s s ) , and is then distributed 
discontinuously in San Luis Obispo and northern Santa Barbara 
communities. Tan oak reaches only a few miles southeast (Topatopa 
Mountains) , and madrone has a few isolated s tands farther south, 

to the San Gabriel Mountains (Santa Anita Canyon), Santa Ana 
Mountains (Trabuco Canyon, Santiago Peak) , and near Palomar 

(cut word) auma Creek, Castro Canyon, Roderick Mountain). 
Apart from the t rees (Acer macrophyllum, Alnus rhombifolia, 

(cut word)lercus agrifolia, Platanus racemosa, Umbellularia californica) 
that range widely with the tanoak-madrone community in the Coast 
ranges, there are also a number of typically northern shrubs at or 

near San Marcos P a s s which find their southern limits of distribution in this area, including Ceanothus sorediatus, C. thyrsiflorus, 

(cut word) ihonia pinnata, and Vaccinium ovatum. They are regular associates 
of the redwood, closed-cone pine, and Douglas fir forests 

in the coastal region to the north. That the tanoak-madrone forest 
at San Marcos P a s s is a relict of the last glacial stage seems 
highly probable. Its absence from the Carpinteria flora which 
occupied the immediate coast is understandable because the 
tanoak-madrone community regularly l ives where climate is more 
intemperate than s i tes occupied by closed-cone pine forest — in 
areas where fogs are l ess persis tent in summer and where frost is 
more frequent in winter. The tanoak-madrone forest may have 
occupied the higher and cooler s lopes of the Santa Ynez Mountains 
during the later P le i s tocene , s i tes from which i ts spec ies would 
have contributed structures to the record accumulating in the 
coastal strip so infrequently that they have not been found. A 
pollen analys is of the deposit may provide an answer to this prob
lem, and a similar study of the Willow Creek deposit should indi
cate whether the redwood forest lived there. 

Finally, it is emphasized that closed-cone pine forest had a 
nearly continuous distribution along the coastal strip during the 
Wisconsin. The fossi l floras from Tomales, Li t t le Sur, Carpinteria, 
Willow Creek, Point Sal Ridge, and Rancho La Brea demonstrate 
that a forest of rather similar composition occupied the coastal 
area as recently as 10,000-12,000 years ago. These floras occur 
at s i tes that are intermediate with respect to the present groves; 
yet they are more like one another than are the modern discontin
uous groves in which the spec ies have very restr icted distribu
t ions or spotty occurrences. The modern forest shows greater 
variation from grove to grove than do the fossi l f loras. Monterey 
pine occurred earlier at Tomales Bay and in strata overlying the 
upper Merced formation near San Francisco , both well north of i ts 
present northern limit (Ano Nuevo Point) . It is also recorded at 
Point Sal Ridge, Carpinteria, and Rancho La Brea, s i t e s inter
mediate with respect to i ts occurrences farther north (Cambria) 
and south (Guadalupe Island). Cupressus d isplays similar rela
t ionships, for species formerly found well to the south (C. goven¬ 
iana on Santa Cruz Island and Carpinteria) now occur far to the 
north (Monterey, Mendocino coast) . 

It is apparent that an important factor operating since the Wis
consin has greatly restricted the range of closed-cone pine forest 
and of i ts spec ies , and resulted in the development of new flor¬ 
istic associa t ions in the coastal forests . Presumably it also 
accounts for the confinement of redwood, Douglas fir, and tanoak-
madrone forests to the north, and for the retreat of yellow pine 
forest up the mountain s lopes . It probably had an important effect 
on the insular flora, as well as on other plant communities e lse
where in California. This ra ises the problem of the environmental 
changes that have occurred since the last glacial-pluvial s tage 
ended, about 12,500 years ago. 



Xerothermic Period 

The last glacial (Wisconsin) was followed by a world-wide 
warming trend. In Europe, the eastern United States , the Pacific 
Northwest, Japan, Colombia, New Zealand, and elsewhere (see 
(cut word) eusser, 1960), forests of cold temperate requirements were re-
placed by communities that indicate warmer climate, and they 
were succeeded by communities of somewhat cooler aspect just 
prior to the present. The period of warming, termed the Xero¬ 
thermic period (also Altithermal, Climatic Optimum, Hypsithermal, 
(cut word) dantic Period), lasted from about 8,000-3,000 years ago. Evi¬ 
dence for the Xerothermic period in southern California is pro¬ 

vided by two l ines of evidence - the fossil record and, by infer¬ 
ence, the disjunct distributional relations of more arid plant com¬ 

munities which are found isolated in areas of somewhat cooler 
and moister climate that now support more mesic communities. 

The Rancho La Brea flora (Frost, 1927; Mason, 1932, p. 51) 
appears to provide evidence for the Xerothermic period. Paleoeco¬ 
logic analysis of the flora has earlier posed a problem because 
(cut word) ants of such diverse ecologic requirements are represented in 

Pinus muricata and P. radiata (new record) are wholly coastal 

and insular today, and Cupressus also occurs in moist areas of high temperateness, either in the mountains near the coast (Santa 
Monica Mountains; southwest of San Vicente, Baja California), or 
totally in the insular region (Guadalupe Island). By contrast, 
(cut word) niperus is one of the commoner plants at Rancho La Brea, yet 
it l ives in the hot and dry parts of interior southern California 
and finds optimum development on the desert s lopes . The flora 
also includes a nutlet of Celtis (specimen lost) which has a typi¬ 
cally interior occurrence, as well as Juglans californica which is 
confined chiefly to the coastal hil ls but reaches inland up broad 
gulleys to meet Juniperus in the area from near Claremont to San 
Bernardino. Quercus agrifolia and Sambucus caerulea, both of 
(cut word) de distribution, are also represented. That the flora is not a 
(cut word) ural plant assemblage, but may represent material which accumulated in the tar pools at different times, seems highly prob¬ 
able. This inference is consistent with radiocarbon dates of 
different wood specimens which yield ages of 14,500 years (How-
,1960) and 23,300 years (Berger and Libby, unpublished), and 
(cut word) live oak leaves that are 32,350 years old (Berger and Libby, 
unpublished). The Rancho La Brea flora thus appears to be com¬ 
posed of plants that lived there during both glacial (pluvial) and 
inter-glacial (dry) t imes, with the mesic flora (pines, cypress) 

representing the glacial-pluvial stage and with the more arid flora 
juniper, walnut, hackberry ?) probably representing the Xero¬ 
thermic period. Some of the smaller vertebrates at Rancho La 
Brea provide supporting evidence, for certain l izards (Brattstrom, 

1953) and a shrew (Compton, 1937) represent spec ies that now 
inhabit the desert s lopes or the driest parts of cismontane south
ern California, where they are associa ted with juniper, walnut, 
and hackberry. 

Not mentioned above in discuss ing the Carpinteria flora is the 
occurrence in it of fragmentary, transported remains of Arctosta-
phylos glauca, Juniperus californica, and Pinus cf. sabiniana. 
These species appear to have occupied local dry slopes in the 
foothills of the Santa Ynez Range bordering the Carpinteria plain, 
probably on xeric s i tes provided by the massive Eocene sand
stones that crop out there. In view of radiocarbon evidence which 
indicates that the flora is older than 38,000 years , they presum
ably invaded the area during one of the sub-stages of the Wiscon
sin, and evidently were displacing the more mesic and abundant 
flora recorded at Carpinteria prior to the last glacial . These 
plants indicate the occurrence of relict semi-arid s i t e s that were 
hotter in s u m m e r and cooler in w i n t e r than those now in this 
coastal strip. This may also be inferred from the abundance of 
kangaroo rat (Dipodomys) in the Carpinteria deposit (Wilson, 1933), 
for it regularly inhabits semi-arid areas well removed from closed-
cone pine forest. Digger pine, juniper, and manzanita (A. glauca) 
are associa ted today 40 miles northeast on Figueroa Mountain, 
where the pine and juniper are s t i l l disjunct in terms of the prin
cipal areas of the communities they represent (see below). Al
though they do not provide a record of the Xerothermic period, 
they do suggest that similar conditions prevailed in the coastal 
strip in earlier inter-glacial s t ages . 

The effects of the Xerothermic period may be inferred from the 
discontinuous distributions of plant communities. They are repre
sented by the occurrence of arid to semi-arid plants in areas well 
removed from regions of their optimum development, and are sur
rounded by communities that indicate cooler or moister climate. 
These distributions are analogous to the occurrence of yellow-
pine forest in the higher south Coast Ranges and in the mountains 
of southern California, in areas that are isolated by drier and 
warmer t rac t s . Some examples (for others, see Axelrod, 1966a) of 
discontinuous distributions of semi-arid to arid communities in 
southern California are reviewed here because they seem to clarify 
the post-glacial history of the flora in the coasta l and insular 
region, and elsewhere as well. 

1. Walnut woodland is distributed widely in the coastal sector 
of southern California, from the northern Santa Ana Mountains 
northward through the Puente Hi l ls , Santa Monica Mountains, and 
into the middle drainage of the Santa Clara and Ventura river 
val leys , reaching west to Montecito. A relict stand occurs along 
Jalama Creek, one mile from the coast and 40 miles west of Monte
cito. 



2. Pinon-juniper woodland of the desert s lopes of southern 
California has a relict stand (one pinon, many junipers) at the 
mouth of the Santa Ana River Gorge a few miles east of San Ber
nardino [the pinon was reported by Sudworth (1908) and is s t i l l 
there ] , separated from the main area of the community by the San 
Bernardino Mountains. 

The community also extends from the desert s lopes into the Mt. 
Pinos region and thence into the eastern San Rafael Mountains 
near the head of Cuyama Valley. Juniper ranges discontinuously 
to the north in the inner Coast Ranges, reaching Mount -Diablo 
east of San Francisco Bay. A significant western extension of 
juniper is on the south slopes of Figueroa Mountain in Santa Ynez 
Valley, isolated from the Cuyama region by fully 25 miles. Also 
associated with it is Eriogonum polifolium, a low shrub that is 
common with juniper in the region to the east . 

3. Digger pine, which is well developed in the inner Coast 
Ranges to the north, finds its southwestern stand in the Santa 
Ynez Valley, well isolated from colonies to the north and east . 
There also is a relict patch in the lower drainage of Piru Creek, 
situated some 15 miles southwest of the tongue that extends from 
the Sierra Nevada-Tehachapi area into the Liebre Mountain region. 
Of high significance are the small s tands on the lower coastward 
slopes of the southern Santa Lucia Mountains between Gorda and 
Salmon Creek where they are within a few hundred feet of Sequoia, 
and isolated from the main mass of the community which occurs 
on the eastern side of the range. Furthermore, Quercus douglasii, 
which is regularly found with digger pine, also occurs on Santa 
Cruz Island. 

4. Chaparral species characteristic of interior southern Cali
fornia have scattered outposts to the north. Adenostoma sparsi-
folium is abundant in San Diego and Riverside counties, and 
occurs in the western Santa Monica Mountains, in the Cuyama 
Gorge area to the n o r t h , and at Pozo farther n o r t h . Quercus 
(cut word) almeri, another spec ies common in Riverside and San Diego 
counties, has a relict outpost near Paso Robles. Other spec ies 
with generally similar distributions, or ranging farther north, include Arctostaphylos glauca, A. pungens, Ceanothus leucodermis, 
(cut word) raxinus dipetala, Prunus ilicifolia, and Quercus turbinella. 

Chaparral of the coastal mountains of southern California, 
which differs considerably in composition from that in the interior, 
also includes species with relict distributions to the north. Cean-
(cut word) thus spinosus occurs near Nipomo, and C. oliganthus is near 
Arroyo Grande. 

5. Venturan sage, one of the more important associa t ions of 
coastal sage, is characterized by Rhus laurina and R. integrifolia, 
and associated species of Artemisia, Eriogonum, Lotus, Salvia, 
and Yucca. It occupies the coastal strip and valleys from northern 

San Diego County to near Capitan, yet there is a relict patch at 
Cayucos, 90 miles farther north. 

6. Semi-desert to desert spec ies that are now found chiefly in 
the driest parts of cismontane California or on the desert s lopes 
also occur in the coastal strip or on its margins, fa) On the bluffs 
at Torrey P ines State Reserve there are Euphorbia misera, Iso-
meris arborea, Lycium andersonii, Mahonia nevinii, Simmondsia 
chinensis, and Yucca schidigera. (b) In the Santa Ana River 
canyon at the north end of the Santa Ana Mountains are: Bebbia 
juncea, Lepidospartum squamatum, Nolina parryi, Pluchea sericea, 
and Salix gooddingii. (c) Local ized on the east slope of the 
Santa Monica Mountains near Cornell Corners are a number of 
plants that are found elsewhere chiefly in the interior, including 
species of Athysanus, Coreopsis, Haplopappus, Monolopia, and 
Tropidocarpum, and fully 20 others scattered elsewhere in the 
range are typically interior spec ies (H. Thompson, written com
munication, 1964). (d) On the Catalinan Islands there are spec ies 
of Achillea, Baccharis, Brodiaea, Cheilanthes, Cryptantha, Erias-
trum, Filago, Lycium, Monolepis, Plantago, Sida, and Tropidocar
pum of this alliance (Raven, 1963), with only Monolepis of this 
group on the Northern Channel Is lands . 

Numerous semi-desert to desert species also extend well to the 
north in the inner Coast Ranges, and some are found in localized 
patches as far north as the Mount Hamilton Range (Sharsmith, 
1945), a distribution paralleled by the discontinuous occurrence 
of juniper and interior southern California chaparral species noted 
above. 

7. The isolated stand of closed-cone pine forest near Trinidad 
Head, which is 100 miles north of the main mass of the community 
that ranges from Point Arena to near Inglenook, may also be a 
relict of the Xerothermic period. Presumably it has been isolated 
by the return of a cooler, moister climate that has left it sur
rounded by a more mesic forest. This relation is paralleled by 
the distribution of chaparral, Garry oak woodland, and yellow pine 
forest in Oregon and Washington (Detling, 1953, 1958, 1961), and 
is consistent with palynological evidence for the Xerothermic 
period there (Hansen, 1942, 1947). 

The discontinuous distributions of the arid to semi-arid com
munities in southern California are depicted in fig. 6, with the 
arrows indicating the presumed directions of migration from areas 
of their optimum development today. The relat ions suggest a 
coastward and northward spread of hot dry climate following the 
last glacial . The drier communities apparently became discon
nected and fragmented in response to the somewhat cooler and 
moister conditions since the Xerothermic period terminated, ap
proximately 3,000 years ago. 



The degree of climatic change in southern California during 
the Wisconsin and the Xerothermic period may be inferred from the 
preceding evidence. In the coastal region, the Carpinteria and 
Willow Creek floras suggest that temperature over the lowlands in 
the Santa Barbara area during the Wisconsin was like that at Mon
terey (fig. 7A); although the Willow Creek flora suggests a moister 
climate (Douglas fir), temperatures probably were generally similar 
in each area.4 By contrast, in the interior val leys of southern 
California conditions during the earlier glacial s t ages were like 
those now at Idyllwild to judge from the composition of the Soboba 
flora near San Jacinto (fig. 7B). The evidence with respect to 
climate at Rancho La Brea during the glacial s tage r e s t s chiefly 
on the climatic indications of Pinus radiata and P. muricata, 
which are associa ted today at Monterey and in the uplands of 
Guadalupe Island. By contrast, the Xerothermic period at Rancho 
La Brea represented (at a minimum) a shift of conditions like those 
near San Bernardino — where walnut and juniper are assoc ia ted 
with interior species of lizard and desert shrew — to Los Angeles 
(Rancho La Brea). The inferred changes at Rancho La Brea are 
depicted in fig. 7C. Fig. 7D shows the effective temperature (ET) 
and temperateness (M) conditions (see Bailey, 1960, 1964) at 
these s ta t ions . The l ines linking present meteorological s ta t ions 
near the fossi l local i t ies with stat ions where communities similar 
to the fossil floras now live, indicate the general nature of the 
temperature changes since the Wisconsin and the Xerothermic 
period. 

The data suggest that the flora of the is lands received incre
ments of interior and desert spec ies during the Xerothermic period, 
and that some of them were able to persist there as climate ameli
orated in more recent t imes. Fewer would be expected to have 

4. Chaney and Mason (1933) compared the Willow Creek flora with 
conditions near Fort Bragg, chiefly on the bas is of the occur
rence of Cupressus goveniana in the flora, and on the presence 
of insect galls in the fossil flora which are only found on C. 
goveniana in that region today. Since (1) the cypress also 
occurs at Monterey, (2) the insec ts have earlier been at Willow 
Creek, and (3) the distribution of the forest has been greatly 
affected by the Xerothermic period, temperature conditions at 
Monterey are here regarded as representat ive, though rainfall at 
Willow Creek was higher than at Monterey. A pollen analysis 
of the fossil beds should provide a more complete l is t of plants 
that lived in the area, and hence reveal whether or not climate 
was as cold as that now at Fort Bragg (effective temperature 
54.3 vs. 56.7 for Monterey). 



Fig. 7. Inferred climatic changes in southern California. A. Com
parison of temperatures at Santa Barbara (for Carpinteria 
and Willow Creek floras) with Monterey suggests coastal 
conditions during late Wisconsin. B. Comparison of tem
peratures at San Jacinto with Idyllwild (for Soboba flora) 
suggests climate in interior valleys during early g lac ia ls . 
C. Los Angeles (Rancho LaBrea) compared with Monterey 
for Wisconsin and with San Bernardino for Xerothermic 
period. D. Effective temperature (ET) and temperateness 
(M) relations shown by A, B, C. Dotted lines connect 
local sequences and suggest degree of change. (Nomo
gram by H. P . Bailey). 

survived on the more mesic Northern Channel Is lands as climate 
became cooler and moister. The evidence also suggests that the 
semi-arid climatic barriers that now isolate the forests in the 
mountains of southern California developed after the Wisconsin, 
and in the Xerothermic period chiefly. It apparently explains the 
" i s l a n d s " of yellow pine forest scattered discontinuously in the 

south Coast Ranges, Transverse Ranges, and Peninsular Ranges , 
and also the discontinuous distribution of tanoak-madrone forest 
south of the Santa Lucia Mountains. The trend to drought and 
warmth, and greater extremes of temperature, probably accounts 
for the retreat of the Douglas fir and redwood forests to the north. 

The Xerothermic period may also explain the present discon
tinuous distribution of closed-cone pine forest which is now scat
tered along the coast and on offshore i s lands . A more continuous 
occurrence for the forest in the recent past may be inferred from 
its present distribution, for the forest closely duplicates itself in 
terms of composition from si te to s i te , changing only gradually 
from north to south. As mentioned earlier, evidence provided by 
its late P le is tocene records at Tomales Bay north of San Fran
cisco (Mason, 1934), near the Litt le Sur River (Langenheim and 
Durham, 1963), at Carpinteria (Chaney and Mason, 1933), at Ran
cho La Brea (Mason, 1927, 1932), and Point Sal Ridge, shows that 
in the recent past it occupied s i tes where it no longer occurs, 
s tat ions that are intermediate with respect to i ts present s tands . 

The forest is confined to areas that represent the most temper
ate part of the United States (Bailey, 1964, fig. 2). Apart from 
sufficient rainfall (15 — 17 i n c h e s ) , the temperateness factor ap
pears to be more critical for its persis tence than any other—a 
relation displayed by other insular and near-insular floras of high 
endemism (Axelrod, 1964, p. 57; 1965, see fig. 8). The Xero
thermic period would have had a disastrous effect on the distribu
tion of the forest. It is in this connection that the occurrence of 
desert plants at Torrey P ines State Reserve and on the Catalinan 
is lands , of Adenostoma sparsifolium and other interior spec ies in 
the Santa Monica Mountains, of Venturan sage at Cayucos, of wal
nut woodland at Jalama, of Quercus douglasii on Santa Cruz 
Island, and of Pinus sabiniana at Salmon Creek assume signifi
cance. They suggest the degree of climatic change in the coastal 
strip during the Xerothermic period, a relation also indicated by 
the flora and fauna at Rancho La Brea (see fig. 7C). If such dis
tributions are the result of the Xerothermic period, then it seems 
highly probable that the range of closed-cone pine forest became 
discontinuous as a result of increased aridity. With increased 
drought and warmth and with the result ing longer periods of clear 
sk ies , and hence greater ranges of temperature, climate along the 
coastal strip would become more intemperate, thus confining the 
forest to the few remaining areas of high temperateness and suffi
cient moisture. In addition to the geographic restriction of the 
forest to local favorable s i t e s , the drier and warmer climate of 
the Xerothermic period may also account for the floristic disrup
tion of the late Wisconsin forest that was far more similar in com
position from north to south than it is today. The discontinuous 



distributions (i .e. , Pinus radiata) and relict occurrences (i .e. , 
Cupressus macrocarpa) shown by the present species probably 
resulted from the elimination from the surviving groves of spec ies 
of lower tolerance range with respect to drought and intemperate 
climate. The floristic changes appear to have been most drastic 
in the south where more numerous northern species were formerly 
present, but now occur only to the north where rainfall is higher 
and climate more temperate. 

Finally, it is recalled that the lower slopes of Cedros and 
Guadalupe islands support a Sonoran Desert flora, and that closed-
cone pine forest is confined to the persistent summer fog belt in 
the summit sect ion. The present extreme and widespread desert 
conditions are of latest Cenozoic age (Axelrod, 1950e). They now 
appear to be a phenomenon of post-Wisconsin time, because the 
degree of aridity increased progressively with each succeeding 
inter-glacial stage (Axelrod, 1966a). During the early glacial 
s tages there was sufficient rainfall to support forest and wood
land over areas now desert in eastern California as shown by the 
Coso (Haiwee) and related florules to the east (Axelrod and Ting, 
1960) which have recently been dated as Kansan. There also is 
evidence that conifer woodland occupied the southern Panamint 
Valley region (Searles Lake) during the last glacial , and that the 
present evaporites formed during the Xerothermic period (Roosma, 
1958). Pollen studies in southern Arizona indicate that woodland 
occupied areas which are now desert or grassland during the gla
cial (pluvial) s tages (Gray. 1961: Hevly and Martin, 1961: Martin, 
1963). 

From these data it may be inferred that increased precipitation 
during the glacial ages would have enabled closed-cone pine for
est and adjacent woodland and chaparral communities to migrate 
south along the coast into Baja California (they occur today in 
the moister foothills of the San Pedro Martir Mountains). This is 
consistent with the Pleis tocene records of the forest in the low
lands of the Los Angeles region; and as noted above, the forest is 
represented in upper Pliocene marine rocks on Cedros Island. On 
this bas i s , the relict s tands of Pinus muricata and P. remorata 
some 90 miles south of Tijuana probably are relicts of the late 
Ple is tocene . There are a number of trees and shrubs (for herbs, 
see Raven, 1963) in the uplands of Guadalupe and/or Cedros that 
occur on the islands to the north (Pinus muricata, Quercus tomen-
tella, Rhus integrifolia, Heteromeles arbutifolia, Crossosoma cali-
fornicum, Ceanothus megacarpus), and they presumably migrated 
south during the glacial s tages when sea level was lower and the 
areas of the islands were somewhat larger (Cedros may have been 
connected with Baja California). It is also to be noted that some 
species on Guadalupe Island ( i .e . , Pinus radiata, Ribes sanguin-

eum) only occur far to the north — north of Point Concepcion — for 
they also suggest the degree of climatic change that may have 
occurred in this more southerly region during the pluvial s t ages . 

The Xerothermic period appears to have had a significant role 
in establ ishing present patterns of distribution in the insular re
gion, of which four may be mentioned. 

1. Several typical woody endemics of the insular area have 
relict occurrences in highly temperate s i t e s on the mainland, not
ably Comarostaphylis diversifolia, Pinus remorata, P. torreyana, 
Prunus lyonii, and Ribes viburnifolium. Since fossil spec ies 
scarcely distinguishable from the insular endemics occurred wide
ly on the mainland into the P l iocene , and a few have been able to 
persist in favorable relict s i t e s , it seems probable that more 
numerous spec ies of this all iance may have been here in the re
cent pas t and were eliminated during the Xerothermic period. 

In connection with the relict occurrence of typically insular 
species at isolated mainland s ta t ions , several of them were ob
served recently (December 9, 1965) in Baja California, about 
10 miles southwest of San Vicente. In the second entrenched 
meander of the stream on the coastal plain one mile west of the 
mouth of Canon de las P in i t a s , is a grove of Pinus remorata to
gether with Rhamnus insularis, Ribes viburnifolium, Comaro
staphylis diversifolia, and Xylococcus bicolor. Other shrubs (and 
herbs) of typically insular occurrence may be present here, but 
time did not permit exploration for them. Pinus muricata occurs 
two miles farther north at Cerro Colorado, s i tuated in the valley 
between San Vicente and San "Ysidro, about three miles from the 
coast . 

2. Munz (1935) and Raven (1963) have assembled l i s t s of 
plants that are insular and have mainland distributions to the eas t 
and south, some of which are desert in their requirements. They 
are in genera such as Achillea, Haplopappus, Brodiaea, Cheilan-
thes, Cryptantha, Eriastrum, Euphorbia, Filago, Lotus, Mirabilis, 
Monolepis, Platystemon, Senecio, Sida, and Tropidocarpum, and 
they are especial ly abundant on the Catalinan Is lands . It may be 
inferred that during the Xerothermic period dry climate enabled a 
large number of spec ies to invade the Californian Islands from the 
mainland, and many have pers is ted. They probably decreased in 
numbers on the more mesic northern tier of Channel I s lands , and 
most of those that invaded that area probably disappeared there 
as climate became somewhat cooler and moister in post-Xero¬ 
thermic time. 

3. Raven (1963) has noted that of the 71 insular endemics, 
only 14 are common to the Northern Channel Islands and the Cata
linan group. The differences may be due chiefly to increased 
aridity southward during the Xerothermic period which may have 



eliminated species there that are now only on the more mesic 
northern is lands. 

4. On the Californian Islands there are species that occur 
elsewhere only far to the north, chiefly in Monterey County and 
northward. Munz (1935) l i s t s 30-odd spec ies of this all iance for 
the Northern Channel Is lands , in genera such as Aster, Athyrium, 
Calochortus, Castilleja, Gilia, Lomatium, Oenothera, Pinus, Poa, 
Polypodium, and Vaccinium. Raven (1963) notes that on Guada
lupe Island there are spec ies of Brodiaea, Epilobium, Eriophyllum, 
Polypodium, Polystichum, Pinus (P. radiata), and Ribes (R. san-
euineum) that do not occur elsewhere on the Californian Islands 
but reappear to the north in coastal California. These scat tered 
rel icts that now occur chiefly in more mesic regions farther north 
appear to represent the surviving members of a larger group of 
these plants that lived on the islands during the last glacial 
s tage . It seems probable that they were greatly reduced in num
bers during the Xerothermic period, and that some were eliminated 
from certain low islands where they no longer are represented. 

SUMMARY 

Foss i l plants similar to trees and shrubs now in southern Cali
fornia, including some of its insular endemics and their regular 
a s soc ia t e s , entered the region by Oligocene time as the Madro-
Tertiary commenced to displace broadleafed evergreen forests 
representing the Neotropical-Tertiary Geoflora (fig. 2). 

By the Miocene, the Madro-Tertiary Geoflora included two very 
different lowland phases — coastal and interior. The coastal strip 
and insular area, with a mild maritime climate, supported closed-
cone pine forest with associa ted woodland and chaparral that 
lived adjacent to relict patches of Neotropical-Tertiary Geoflora 
that inhabi ted wetter sheltered val leys . In the interior, wood
land, chaparral, thorn forest, and sage were dominant. Phylads 
similar to insular endemics were present in both regions, with 
smaller-leafed spec ies in the interior. By the late Miocene re
duced rainfall and decreased winter temperature had eliminated 
most members of the Neotropical-Tertiary Geoflora, and enabled 
larger increments of the Madro-Tertiary Geoflora to shift coast-
ward, ranging from central California southward probably into the 
Cape Region of Baja California. 

In the Pl iocene, closed-cone pine forest and mesic woodland 
and chaparral occupied the mild coastal strip and insular region, 
extending from near the Golden Gate south to Cedros Island where 
fossil pollen reveals i ts presence. Over interior southern Cali
fornia, woodland, chaparral, thorn forest, and sage dominated the 
lowlands, bigcone spruce and Coulter pine forests occupied bor

dering h i l l s , and so did certain species of closed-cone pine forest 
for climate was more temperate there. In central California and 
Nevada woodland and chaparral graded northward and at moderate 
alt i tudes into forests of Arcto-Tertiary derivation. Species allied 
to living insular endemics are recorded in all these areas. 

Plant communities were gradually impoverished during the 
Pliocene as winter temperature and summer rainfall continued to 
decrease . Many Madro-Tertiary plants were confined to the south
western United States and northern Mexico, where they contribute 
to woodland, chaparral, and thorn forest. Foss i l relatives of Cali
fornia oak woodland, chaparral, and sage species formerly in 
Nevada and eastern California were confined to the coastward 
slopes of the Sierra Nevada-Peninsular Range axis as tempera
tures were lowered and as greater ranges of temperature devel
oped. Species of phylads allied to the insular endemics gradually 
became extinct in areas away from the coast as climate became 
more intemperate, and only the maritime members of these alli
ances survived. 

During the Pl io-Ple is tocene transit ion, precipitation increased 
appreciably and temperature was lowered, enabling derivative 
forests of the Arcto-Tertiary Geoflora to invade southern Cali
fornia from the north, Yellow pine forest covered the lowlands in 
the colder interior during the early g lac ia ls . The nature of early 
Ple is tocene floras in adjacent areas (central California, Owens 
Valley, interior southern California) and the composition of late 
Ple is tocene floras in the coasta l strip, suggest redwood, Douglas 
fir, and tanoak-madrone forests shifted south to occupy coastal 
hil ls of southern California and higher summits of the insular 
region during the glacial s t ages . Closed-cone pine forest was 
confined to the mildest lowland coastal and insular s i t e s , with 
insular woodland on the warmer s lopes . During the glacial and 
inter-glacial s tages there were north and south migrations in re
sponse to fluctuating climate. 

Following the last glacial , the Xerothermic period appears to 
have affected significantly the distribution of the flora in the 
coastal strip and on the i s lands . It evidently accounts for (a) the 
discontinuous distribution of closed-cone pine forest, (b) the re
striction of Douglas fir and redwood forests to the north, (c) the 
relict patches of tanoak-madrone forest in the northwest corner of 
southern California, (d) the invasion of the coastal strip and the 
islands by species from the drier interior, (e) the elimination of 
some spec ies in the coastal strip that are now wholly insular, (f) 
the comparatively few endemics shared by the northern and south
ern is lands , (g) the decrease southward of spec ies that now live 
in more mesic areas to the north, and (h) the discontinuit ies in 
distribution shown by numerous plants on the i s lands . 



EPILOGUE 

" T o assume that insular conditions originate 
new forms is to overlook what has taken place 
on the cont inents" (W. A. Setchell , 1935). 

The evidence presented in this and the preceding paper on the 
origin of the pine forest suggests that insular isolation probably 
was not required for the evolution of any of the woody endemics 
on the Californian Is lands . It seems possible that we may have 
placed too much reliance on the notion that plant evolution resul ts 
from the "opportuni ty" to change when a population is isolated 
spatially. If spec ies with a long continental history are isolated 
in a region of highly temperate climate, whether in an insular area 
or in the uplands of a restricted part of a continent, they probably 
will be isolated from change because the environment will be 
most nearly like that to which they were already highly adapted 
on the adjacent continent at an earlier time. 

The history of Tertiary Geofloras suggests that species change 
because they must, not because they have had an "opportuni ty ." 
Although plants moved across many degrees of latitude under the 
influence of changing Tertiary climate, they generally did not 
change unless they were faced with the alternate of changing or 
becoming extinct. That some evolution did occur in response to 
changing climate, or to new climatic (adaptive) zones made avail
able during their history, is suggested by the small-leafed late 
Tertiary ecospecies that seem to reflect an adaptive response to 
diminished summer precipitation and greater extremes of tempera
ture. Among these are spec ies of Lyonothamnus, Prunus, and 
Quercus allied to the insular endemics that represent smaller 
leafed plants that became extinct in the interior during the Plio
cene. By contrast, ancestors of the present insular endemics 
lived under a highly temperate climate (M 65—70+) that did not 
change appreciably, but was gradually restricted coastward during 
the middle and later Tertiary. Thus the immediate ancestors of 
the insular endemics did not have to contend with the problem of 
change. The endemics now survive in a region of pronounced 
temperateness (M 65—70+) and considerable warmth (ET 59.5), 
under conditions like those now in the uplands of southern and 
central Mexico where the closest relat ives of a number of the 
Californian endemics have survived. 

Although there are numerous herbaceous insular endemics, it 
would seem unlikely that all of them have evolved in insular iso
lation. Like their woody as soc ia t e s , many of the insular herbs 
may also have been preserved from change, whereas the mainland 
populations evolved under the s t ress of changing climate. Their 

history can be deciphered readily from comparative cytogenetic 
studies of insular and related mainland taxa. 
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