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HISTORICAL BACKGROTJI\Ð OF THE FLORA

OF' THE PACIFIC NOR]'HWES
by

LpRov E. DpruNc
Museum of Natural History

University of Oregon

ABSTRACT

T¡e moclern flora of the Pacific Northwest is characterized by associations which show affinities to floras

¡err. occrrpving rvidely separated areas (Eurasia, South and Central America) and to floras shown by paleo-

¡ora.ical eviclence to have occupiecl all these areas, but particularly the American West. Distinct distribu-

tion t¡atteurs. both in time and space, manifest themselves. These patterns are and have l¡een influenced by

t,,lrrgraphic and climatic changes from the Cretaceous to the present. Three principal sources of associations

.rä.ìi¡lrut: evolution in situ; northern regions as sholvn in the Arcto-Tertiary Geoflora; western Mexico

antl the southrvestern Unitecl States as shown in the Madro-Tertiary Geoflora.

FOREY/ORD

(Th,is ruork has extended ouer a period, of
seueral ),ears, and, was unfinished, at tlte time of
the autlrcr's death in September of 1967. The

lolloruing'is essentially a report ol the state of
the nork at thøt time. The sections of the rough
dralt lr.aue been rearranged, some repetitions
clorified, ret'ereruces checlted. an appendix ad,d-
etl antl nraps mad,e. Many aspects ol the prob-
lem, ¡tarticulør'ly those d,ealing with Mexíco,
are obuiously incomplete. The auailable da,ta
lnue l¡een presented in hope th,at they will haae
sonte ualtrc in this unfi,nished, form. Gratitude
is here expressetl to Stanton Cook ot' the De-
partnlent of Biology, lane Gray antl I. Arnold,
Shonuell of the Museum of Natural History, all
of th,e Uniuersity of Oregon, and Orlin lrelarul,
lor inualu,able aduice and assistance in, the
preparation of this rnanuscript for publication.
lult lgAg

Mildred R. Detling)

The scope of a work such as this, with its
lvide and varied lamifrcations, makes it neces-
saly to lely heavily upon the published work

of investigators in many fields. Especially have
standard works on the geologic history of west-
ern l\orth America and the numerous publica-
tions of outstanding paleobotanists, including
palynologists, been an invaluable source of in-
formation in the writing of this paper. The
author has drawn upon his own fleld observa-
tions and research in modern floristics in an at-
tempt to explain the characteristics and more
recent history of the vegetation of the Paciflc
Northwest.

Field work in Mexico was partially financed
by a grant-in-aid in 7960-6L from the Penrose
Fund of the American Philosophical Society
and by a grant from the National Science Foun-
dation in 1965 (GB-3670).

The scientific names of piants have been used
throughout this paper. A checklist of plants
and their more common English names appears
at the end of the work. Citation o{ the ar"rthority
for specifrc names has been omitted. These can
readily be found in the manuals of Peck
(194I), Munz (1959), or Hitchcock et al.
(1955). Subspeciflc categories, whether they
were published as varieties or subspecies, are
all referred to as simple trinomials.
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No. ll DETLING : HISTORICAL BACRGROUND NORTHVESI, FLOP.A

INTRODUCTION

The region commonly designated as the Pa"

.;frc Norihrt'est is a-.natural one floristically,

i- ".;t" of the great diversity of its habitats and

,tiãir"n¿nn, diversity of iife forms, vegetation

:::"" ancl local plant communities. This is

i#;;t, because throughout their geologic his'

irrí ,út various sectors of the region have in

"orírrol 
undergone the same major climatic

liifrc nnd been subjected to the same floral in-

"rrio,r, 
and evolutionaly influences' And al-

though its flola has received signifrcant contri-

butions in relatively recent times from adja-

cent nrajor floras, the resulting composite com-

munities have become stabilized in ecological

niches of valYing extent.

As delimited for this study the region ex-

tends from the 42nd to the 52nd parallel o{

latitude north, and from the Pacific Ocean to

the I16th rneridian west" Thus it comprises the

rvhole of the states of Oregon and Washington,
a narlow strip of western Idaho extending to
the base of the Bitterroot and Salmon River
Mountains, and that part of southern British
Colunbia lying between the Selkirk Range and
the Pacific Ocean, including Vancouver Island.
It includes the northern fringe o{ the Klamath
Mountains located in Oregon, the Klamath
basin, and the northernmost part of the Great
Basin but excludes the mountain massif of
central Idaho (Fig. 1).

(Material on uegetation areas in northern
antl central Mexico was apparently intended
bv the ou,thor to prouíde bacltground, on the
Marlro-Tertiøry elements in the Northwest
flora. Such information øs written in rough,
lorm by tlte author has been irucorporated,.)

GEOLOGIC HISTORY

The oldest land masses in western North
Antelica are members of a series of massive
gt'anitic batholiths forming the Nevadan oro-
genic belr which includes ( I ) the Coasr Moun-

tains and Cascades of British Columbia, (2)
the Okanagan Highlands, (3) the Idaho batho-
lith of central ldaho, (a) the Blue Mounrains,
(5) the Klamath Mountains, (6) the Sierra
Nevada and (7) the mountains of southern
Cali{ornia and Baja Cali{ornia (King 1959,
Clark and Stearn 1960). The first five of these
form an arc, open to the west, of volcanic mass-
es which were intruded from middle Jurassic
to middle Cretaceous times along what was then
the western margin of the North American con-
tinent (Fig. 2). None of them has ever been
completely submerged in the sea since the Cre-
taceous. Mesozoic land plants have left re-
mains in Jurassic rocks of southwest Oregon
(Chaney 1956).

During early Cenozoic times the great gulf
bounded by the orogenic arc was iargely fllled
in by sedimentation and some uplifting. Fossil
leaf deposits assigned to the Oligocene have
been found as far west as the Willamette vailey
(Sanborn 1935, Lakhanpal 1958), giving evi-
dence of a terrestrial habitat there by that time.

The central and southern portions of the
Cascade Range were formed by uplift and vul-
canism beginning in the Eocene and continuing
through the Tertiary. This range formed direct-
ly across the recess of the orogenic arc. Vol-
canic activity beginning in the Pliocene, but ap-
palently taking place largely in the Pleisto-
cene, formed the high ridges and volcanic cones
from Glaciel Peak and Mount Baker in Wash-
ington to Mount Lassen in California. Mean-
while, during the last half of the Cenozoic, the
Oregon and W"ashington sectors of the Coast
Range, including the Olympic Mountains, were
{ormed by the upfolding of the sediments of the
early Cenozoic coastal plain.

During the Miocene and long be{ore the Cas-

cade Range had reached its frnal elevation,
there occurred the great outpouring of the ba-
salts that form the Columbia Plateau. It is lte-
lieved that the center of the flows may have been
in southeastern Washington and northeastern
Oregon. The molter-r mass did not issue from
volcanoes but rather from frssures, and eventu-
ally formed beds thousands o{ feet in thickness.Figure 1. The Pacìfic Northu-¡est.
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of Jrran de Fr¡ca as the Vancor r/a,. r..r

tains. It is separated {ro* itì"'ãÏì:'il] tl

row strip o{ flat land which ,"p".r-io',,',',ì,,1.' ,

the south whele it l-'oldels tt," K1,,,,,r,i,'il''

iäffii",,"rt¡;,ï."n 
along rhe,,",ì.ì ;;',, rl,

Farther inlancl a higher. r.rrrìge^exterrrl. 
¡¡,,,..

wat'd fl'om the easteln edsn s¡ tl,n il','.
Mountains; at the noltherii t rrcl oI p,,-, 

ì'r,1, ,'
it swings northwestrvald alon3 tlr" ,,,r,,.t ,,i ,

British Columbia mainland. Lr llliri.lrt.,,ì
l-,ia it is usualìy rrlled llrc Co¿r-t lì¡¡,,,.
thorrgh irer¡uenlly]<norvn as the (.,,.e.¡,¡,. 

¡1,,,
T'o minimize con{usion, in thii pnp,,, t1,,.,,,.
lange shall be refer.red to as the Casr¿r,1,...

Between these langes lies a ser.ies ol. ri,,,
basins and troughs. l\orth r¡f thc Kl,rr,,,.
Mountains and draining into tire scir r¡¡.,, 1,.

Rogr"re and Umpqua River basins. Tlur \\ ill,,,
ette and Puget troughs are sepalatcrl lrr rì ,

gash cut through the mountairrs l;1' th,. (.,',1¡,

bia River. The northlvard extension o1'tlr,, 1,.

get trough is partly covered, lty tlrt' rrrlrir,
waters of Puget Sound and the Geor.giir. J,,l:r

stone and Queen Charlotte Strrits.
East of the Cascade Range is ¿ lrloir,l , ,

paìrse of tableland. The ¡rortion o(,(.ulì\rl

south central and southeasteln OLeson r., rr.l
tutes the northernmost extension of tllr' (,',
Basin of Nevada and tltah. T'lie nol'tlrcln ()r,

gon and eastern Washington palt forrrr th,'I
Iumbia Plateau. This tablelaucl is bountl,',1 ,

the east by the foothills of tire Bittcn'r,,,t-
northeln ldaho, the BhLe Mouni¿iins irr ()¡,'r'

and Washington, and by way of the SIr¿rk,' liir'
Plains of southern Idaho, by tlie Rockr \1,',,'

tains. Topographicaìly the Colunrbi¿r I'lrrt' '

met'ges at the north through the noltll-sor¡th "r
ented valleys of the Okanagan I'lighlrrrrrl' "
the plateau of south central British (jolrrnri

dissected lry the ul)l)el dt'ainr;:c ¡,,ri¡¡' rrl '

Flaser', Okanogan ¿ind Colrin"rbi¿r Rivcl..
The importance o{ the norïlt-soulh t¡t'rr'l

or,rr rrajor physioglaphic fealures Iltrtrr lr

standpoint of vegetation miglatiorts atltl t't.'

tion cannot be overestimated. Tlie ellet't ill tr

mountain langes in interceptiug trtoistLr|r' lt"'
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,.llrr'rtir'llt
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Figure 2. The Neuatlan orogertic arc, t'ormed by
batholiths conposed ol igneous rock
in, Jurassic antl Cretaceous tirnes (alter
McKee, et aI., 1956" an,d Smíth and
Steuenson, 1956 ).

Such in brief rvere the geologic events that
produced the modern physioglaphy of the Pa"
ciflc Northwest whose major features have de-
termined the climates of the region ancl marked
the pathways of its plant migrations.

PHYSIOGRAPHIC FEATUTTES

The modeur physiography of this legion is
dominated by a series of monntain ranges with
intervening systems of livel basins, in general
lnnning north and south, and ¿rn extensive pla"
teau legion (Fig. 1). The lvesternmost monn-
tains, the Coast Range, parallel the coast
thloughout the whole o{ the region. It joins the
Klamath Mountains in southwesteln Olegon,
includes the Olympic Mountains o{ northwest
W'ashington, and continues nolth of the Strait
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Iioiirtt"" and temperatures' At the same trme

,'tã rounrultt and basin axes plovide nearly un-

;;;[r,, pathways- fo^r the north-south move-

iïr,o of plants. So far as topography is con-

.r,rrr¿ the flora oi the 
Mexicatr Meseta Central

-ñis,. 
6) has had free access across southern

ìuirurrt.ttt Arizona, Nevada, eastern Oregon

ln¿ Wurlrl"gton, and well into the plateau

lountr.y of British Columbia. Also plant spe'

.i6 n,ôuing northward from the Great Valley

of California, once they have negotiated the

warm valleys and canyons of the Klamath

Mountaitts, have had only a few low transverse

ranges to impede their progress up the series o{

basins ending in the lowlands of Vancouver

Island and adjacent mainland British Colum'

bia. 0n the other hand, the two major mountain

axes of the Pacific Northwest reach well into
the subarctic regions of northern Canada and

Alaska. South of the 52nd parallel the only
places where the boreal life zones of the Cas-

cades have been broken are where the Fraser,
Columbia and Klamath Rivers have cut their
gorges. In like manner the boreal zones of the
Blue Mountains are nearly continuous with
those of the Rockies, separated only in the vici-
nity of the Snake River canyon.

CLIMATE

The mild oceanic climate west of the Cas-
cades is created by latitude and proximity to
the sea. Winter temperatures are highest and
summer temperatures in general lowest along
the narrow coastal lowland strip. In the series
of basins lying east of the Coast Range and
Vancouver Island Mountains temperatures are
still moderate but the extremes are greater.
East of the Cascades the climate is coniinental
in nature, with extreme winter minima and
sulnmer maxima. The Cascade axis and Blue
Moutttains, because o{ their elevation, experi-
ence \¡ery low temperatures during the winter
and have moderatelv low summer maxima.
Within any north-soúth belt both winter and

summer temperatures tend to be higher in the
south and lower in the north.

A series of rain shadows occurs in the path
of the prevailing westerly winds. Most of the
precipitation throughout the Pacific Northwest
occuls during the winter months, from Novem-
ber to April. West of the Cascades summer rain-
fall is negligible. East of the range the ratio of
summer to winter precipitation is appreciably
higher. This is particularly true of the interior
plateau of British Columbia. Farther south, es-

pecially in the mountains, the ratio is increased
by frequent local thunderstorms.

Various combinations of winter and summer
temperatures along with varying precipitation
patterns have given rise to 19 distinct climatic
areas in the Pacific Northwest, which corres-
pond quite closely to the major vegetation areas
of the region. The writer (Detling 1948a, b)
has devised a vegetation map (Fig. 3) for Ore-

Figure 3. Vegetation areas ol tlrc Pacific North-
west.
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gon and'Washington based upon these temper-
ature and rainfail data along with length o{
growing season. Since these areas have both
climatic and floristic bases, it is apropros to in-
troduce them here in order to present in detail
some of the climatic difierences which appar-
ently have been most instrumental in estaÈlish-
ing a distinct vegetation type in each area. For
purposes of this study the vegetation map has
been extended to include southern British Co-
lumbia. One change in area name has been
made.

The Rogue and Umpqua basins, although
physiographicaily distinct, are here treated as

a single vegetation area, as they were in the
original paper. This will simplify later refer-
ences to the floristic characteristics of the area.

MAJOR VEGETATION TYPES

The vegetation areas referred to in the {ore-
going paragraphs represent the end results of
floristic evolution in reiatively restricted physi-
ographic and climatic units. In the discussion
of the long-time evolutionary processes with
which this study is dealing we must make use
of more general and widespread vegetation
types, such as can be readily and obviously cor-
related with identical or similar types in re-
gions sometimes well beyond rhe limits o{ the
Paciûc Northwest. For this purpose we shall
use the following classiflcation of our major
vegetation types:

A. Boreal types
I. Mesic Conifer Forest
II. Boreal Forest
III. Alpine Fell.frelds

B. Austral types
IV. Pine-oak Forest
V. Juniper-sagebrushW-oodland
VI. Grassland
VII. Chaparral

The accompanying map (Fig. 4) is designed
to show in a generai way the relative positions
and extent of these types, except the Aipine
Fell-fields. In our region these latter tend to

occur in small areas above timber line.
This classifrcation has been found particu.

larly useful in this ..,"d,y f.":u.lr" (.1 ,f,.
units are easily recognizable, (b) they ur. rulu.
tively homogeneous througholl. (.) they have

ö' lï"1ïi'l;U¡ 
¿l i": 

;i"13 j" ï î: :l*.tplant ecologists, (e) the names selected are
self-explanatory, (f) as will b-e more evident
later, the component species and genera of each
type have apparently originated in the same
geographic regions of the world and have fol.
lowed the same migration routes throughout
their history. For each type thele is u lirt of
characteristic species, tabulated to show its ap.
parent relationships to floras beyond the paci.

fic Northwest. The species selected are all al
least moderately abundant in their type, and
insofar as possible are widespread within it.
The lists are sufficiently extensive and care.
fully seiected to furnish valid basic commtmi.
ties Íor the {ollowing discussion.

MESIC CONIFER FOREST

Of the vegetation types in the Pacific North.
west the most basic from all points of vierv is

the Mesic Conifer Forest. It is the most wide.

spread, and generally speaking the most near.

ly continuous throughout its range. In the north.
west this forest, largely coincident rvith the

Douglas fir forest, roughly forms all arc open

to the south (Fig. a) (Heusser 1960). One arnt

of the arc extends from westem British Colunr-

bia southward west of the Cascade Range. An

eastern arm foliows the Rocky Mountains
southward {rom eastern British Colurnbia. The

central curve of the arc connects these two arnls

across the valieys and iow ranges o{ central

British Columbia. Along the coast the type ex'

tends from near sea level to an elevation of

4000 feet or mole. In the Rocky Mountains
both its lower and upper limits are higher. In

the northern part o{ iis range it forms a rela'

tively narrow belt altitudinally. Excluded fronr

the mesic forest are a narloiv strip along the

Oregon, Washington, and Vancouvet' Island

coast occupied by Boreal Forest, and the lorver

_t

¡TãiÍ$""

Figure 4.
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Figure 4. Vegetation types ol the Pøcific North-
west.

elevations of the Rogue River basin occupied
by Pine-oak Forest or Chaparral. It occurs
at middle elevations in the Blue Mountains and
the Okanagan Highlands. The arc thus formed
partially encircles an area, to be discussed
later, occupied by a {ringe of Pine-oak Forest
and by extensive areas'of Grassland and Great
Basin Juniper-sagebrush Woodland.

The dorninant species in this type is most
commorrly Pseudotsuga menziesii. This is es-
pecially true west of the Cascade axis. East of
the mountains Pseud,otsusø is usually present
in gt'eater or lesser abundance, but dåminance
ntay be shared by or lost to other species, such
as Tsuga heteroþhytta, Abies 

"oicolo, or A.
grandis. Local variations in the environment,
such as streamside conditions, account for vari-
atiorls in the associations within the framework
of the major type.

The species most commonly associated with
Pseud,otsugø west of the Cascades and compris-
ing a significant part of the lower stratum of
the forest are Acer circinaturn, Gaultheria shal-
lon, Makonianeruosa, Corylus cornata calif or-
nica and Polystichum munitum. Where the
type occurs in eastern British Columbia and
northern Idaho the subdominant association
varies somewhat from the lorcgoing-Acer
circinatum is replaced by A. gla,brum, Mahonia
neraosøby M. repens, Gauhheria shalloru and
Polystichum munitum are absent, while Popu-
Ius tremuloid,es and Betula pøpyrifera occiden-
talis are added to the community. The altitudi-
nal narrowing of the mesic forest belt in central
British Columbia emphasizes the infrltration in
that area of species which normally are charac-
teristic of adjacent zoneï particularly of the
Boreal Forest above it, accounting for the
abundance not only of the species of Betulø,
Acer and Populus already mentioned but also
of Arctostaphylos uua-u,rsi, V accinium ouali-
folium, Cornus canadensis and Pachystima
myrsinites, However, a large number of other
species characteristic of the forest west of the
Cascades do persist east of the range, so that
the general aspect of the forest is not essential-
ly altered.

The Mesic Conifer Forest has a relatively
wide toierance o{ climatic extremes. In general
it occupies an area o{ abundant rainfall or
snow accumulation, with mild or at least not
excessively cold winters, and cool to moderate-
ly warm summers. It is best developed and
most distinctive in the oceanic climate west o{
the Cascades of Oregon and Washington. In the
Douglas fir {orests of this region annual preci-
pitation langes from 25 to 140 inches. In the
continental climate of the interior the range of
precipitation is approximately from 25 to 40
inches annually. The 25 inches which consti-
tutes the lower limit for this type is apparently
critical on both sides of the Cascades; below
this frgure the Douglas frr forest is repiaced by
a woodiand of yellow pine and oak. East of the
Cascades the mesic forest is probably controlled
at its upper limits, both altitudinally and lati-
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tudinally, by temperature rather than precipi-
tation. This seems to be true also along the
coast where the type is bordered by a modifled
Boreal Forest, and where temperatures, espe-

cially those of the summer months, are moder-
ately cool.

Temperature conditions within the range of
the Mesic Conifer Forest vary considerably.
Near the southern Oregon coast January means
are about 45'F., but at middle elevations east
of the Cascade crest they may be as low as

25'F. July means range from 60" along the
coast to about 65' at some places in eastern
Oregon.

The basic community of the Mesic Conifer
Forest is comprised of the thirty-nine species
listed in Table 1. The significance of the distri-
butional units used will become evident with
further discussion.

In this and following basic communities all
taxonomic units considered subspecific have
been included under the species listed. The sub-
specifrc breakdown of these species will be dis-
cussed later in this work where such informa-
tion is pertinent.

The distributional data summarized in Table
I show some features that become of interest
when we look for the origins of the Mesic Coni-
fer Forest.

The type as presently constituted is centered
in the temperate part of western North Ameri-
ca. None of the arboreal species and oniy two
shrubs occur farther north than the Alaskan
Panhandle or northern British Columbia. No
trees and three shrub species leach central or
eastern North America. The herbaceous spe-
cies are in pçeneral more widespread toward the
north and east. Of twenty-one species nine are
either circumpolar or of northern Alaskan and
Canadian distribution. Seven of these reach
eastern North America. Four others occurring
in the eastern part of the continent, while not
now reported from the far north, probably did
flourish there at one time. In the other direc-
tion, while all thirty-nine species representing
the basic association of the type extend into
California or northern Baja California, only
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three, two trees and one shrub, continue 
inro

Mexico.
Furrher light is sh¡f on rhe relationships 

and
possibie history of this typely the suppiernen.
tary data on the genelal distLibution of the
genera represented in the basic comm¡¡¡q
(Table 2).

The foregoing data show rhar the Mesic Con.
ifer Forest not only is deflnitely norther.n in the
present distribution ofthe species that compriæ
it, but also the general distribution of the gen.
era represented gives evidence that it has hid a
northern origin in the past. The close relation.
ship of the Mesic Conifer Forest of rvestern

North America with the flora of eastern ,{sia
is emphasized by the fact that of the thirty-four
geneïa in our list thirty-two occul today in the

latter region. Only twenty are reported to occur
in Europe. This distribution pattern has been

cited by botanists, including many paleobotan.

ists, as evidence of a former land bridge ln.
tween Alaska and Siberia, allowing a fræ
movement of plant populations betrveen the

two continents (Hultén 1937). The tree and

shrub members of the association, while they

were undoubtedly originally continuous with

populations in other parts of the wolld, palticu.
larly with those of eastern Asia, have been iso.

lated {or so long a period by extreme frigid
conditions to the north that they have followed

an independent evolutionary course. This seems

to be true to a lesser extent of the herbaceous

members of this type, since at least sevett out oi

the twenty-one herbaceous species are still com'

mon to both continents.

Possible additions to Mesic Conifer Foræl

basic community:
Achlys triphylla
Aconitum spp.
Actaea spicatø argutct
Allotropa uirgøta
Anemane deltoidect
Aplopanax horrirlum
Aqu,ilegiø formosa
Ar uncus sy Ia ester acuminatus
Asarum, caudøtu,m

I

I

EoYkinin'
Cinicit'u¿
Circaea P

CoPtis løt

CorYdalis
CTnoglos:

Dicentra 1

EPilobiun
fragariø 

'

Galiun a¡

Galium b'

Calium tr
Galium trt
Geum mat

Heu.chera

HydroPh'Y

Lathyrtts ¡.

Lonícera c

Lysichitun
Menziesia,
Mertensiøl
Mitellø cal
Monotropa
Nemophila
Physocarpt
Pleuricosp'
Populus trz
Prunus em

Pyrolaceae
Rhamnu,s p
Rosa g1,nrn

Rosu pisoct
Rubus spec
Saml¡t¿cu,s t
Satureja då
&acå1.s spp
Symphoricc
S1,nthy,ris r<
Tellimrt gra
Thqlictnim
Tiarella unt
Tolmiea. me
Trautuetteri
Trientalis la
Unica holos
Unica l.t,allt
l/icia aineri,
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Circaea Po.cl.ltcu

Coilis locnlat'a

Co,rrtlalis scot[Let't l
Cynoglott"'L 

granúe

'; ::i i ;,i,!,i : ;;:,o,, i I o t i u*
fiagaria bracteata

Galiunt oP{IrLtLe

Caliurt' boreaLe

Coliun riftdum
Cnliunt triflorum-,

Geunt nacroPhYLLum
"H-r' 

r rhu o n t i c r a ntha P ac ific ø

H rl roPltT'lh t nt tenuiPe s

Lal/;itts PolYPhYllus
Loni'cera ciLiosa

L y s ichitunt,, arn e r i.c anum

,ll enzie s ia' I e r r u gt'ne a

,ll erten sia platyphylla, sub cor data

'll 
itella c ctu,Le s c ens

trlonotroPa u'niflora
Nemoplúla Paraillorø
P h¡'so car p u s c ap itatu s

P leur ico s p o r a fi,rnbr iolata
Populu.s trichocarpa
Prunus ernarginata

Pyrolaceae genera and species

Rhamruts purshiana
Rosa gymnocarpo,
Rosa ¡tisoca,rpa
Rubus s¡tectabilis
Santbu,cu,s glauca
Satureja douglasíi
StacÀys spp.
Symplrcricarpos albus
S1'nthyris reniformis
Tellima grandiflora
Thalictrum hexandra
Tiqrella tLnifoliata
Tolmiea neiziesü
T rautuet te rùt grand,is
Trientalis tatilolia
lJ'rtica holoseiicea
L'rücq, l,yøllii
Vicia otnericana
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BOREAL FOREST

In this paper the term Boreal Forest is ap-

plied to all Pacific Northwest forest communi-

ties at altitudes above the Mesic Conifer For'
est, or at lower altitudes when occtlrring under
conditions of cooler summer temperatures

where this is apparently the factor giving rise

to such a community (Fig. 4). In the northern-

most part of its range it is composed of the for'
ests extending from the northern limit of trees

in Alaska and the Yukon to the Douglas frr for-
ests of the mesic conifer belt in central or

southern British Columbia, reaching sea level

in southern Alaska and northwest British Co'

lumbia. It extends southward in its typical form
along the Cascade Range and the Sierra Neva-

da, and down the Rocky Mountains as far as

Arizona and New Mexico, including the Blue
Mountains of Oregon, occupying a belt pro'
gressively higher in elevation as it goes south-

ward. A narrow strip of Boreal Forest extends

from the main body in British Columbia south

along the coast as far as northern California.
This strip, rarely more than ten miles wide
south of Vancouver Island, has been in{iltrated
by many species from the adjacent Mesic Coni-

fer Forest, but contains enough characteristic
species to maintain its distinctiveness and show

its close reiationship to the rest of the type as

it occurs at middle or higher altitudes in the

Cascade Range.
The most reliable indicators of the Boreal

Forest are Pinus contorta in its two subspecies,

Piceø engelrnannii or P. sitchensis, T sugø mer-

tensiana, and one or more species o1 Abies,

e.g., A. Iasiocarpa, A. procera or A. artt'abilis.
In central and eastern British Columbia Betula
papyrit'era is a common indicator. Forming the

shrub stratum under these dominants are most

commonly found species of [/accinium anð'

Ledum, and Acer glabrum d,ouglasii, while the

most chalacteristic herbaceous species are

P oly go num bist o rto id e s, P e diculør i s spp., Ane -

mone occid,entalis, Rubus lasiococcus, R. pedø'

tus and Xerophyllum terua,x'.

Official climatic data from stations located

in the Boreal Forest zone are scarce, except for
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TABLE l. Drsrnmu'rroN oF THE BAsrc coMMUNrry oF THE Mnsrc
Conrrnn Fonssr oursrDp oF TrrE p¡.cmrc Nonntwnsr

A¡ctic & Northern Cent. & S.
subarctic Ro"ky Cent. & Ro"ky Great

N.A. Mrs. NE. N.A. Mrs. Basin

XX
X

N. & Cent.
Calif.

Abies concolor
Abíes grand,is
Acer circitmtum
Acer ma,øophyllum
Ad,enocøuJon bicolor

Alnu* oregona,
Cøl,ypsobulbosø X X X XChimøphíløwnbelløn X X X X
Clintonia, uniflora X
Corøllorhiza,stria,ta X X X

Cornus nuttallií
Cornus stolonilerø X
Corylus cornuta,
Disporwn oreganunl,
Gauhheríø shnllon

G oo d,y erø oblongil olia
Híera.cium øIbifl,orum
Holodiscus d,í"scolor
Hypopitys latisEnma X
Linnøea. boreqli"s X

Lis t e r a c o rut all,ør i oíd e s

Listera cord,a.ta X
Møhonia, nerl)os&
Montiø síbirica X
O smør oniø cerasil ormis

Osmorhíza chilensis X X
OxøIís oregøna,
Polystíehum munitum X
Pseudotsuga menziesíi X
Rhad o d, endr a n macr ophyllum

Rubu,s paroíflorus
Smila¿ina røcenxos&
Smiløcina, stelløtø X
Spiranthes romønzoftanum X
Thuja plican

Tríllium oaq,tum
Tsugø heteroph"ylln
V øc cinium p ør a i I oliurn
Violø glabelln

X
X

X

X
X

X
X

X
X
x
x

X
X
X
X
x
x
X
X
X

X
X
X
X
K

X
X
X
X
X

X
X
X
X
X

X
X
X
X
X

X
X
X
x
X

x
X
X
X
X

X
X
X
X
X

X
X
X
X
X

x
X
X
X

X
X

X
X

X

X

K
x

X
X
X
X

X

x
X
X
X

X
x
X
X
x
X
X
X
X
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TABLE 2. DrsrnreurroN oF THE cENEna REpREsENTED rN THE BAsrc
coMMrJNrry oF THE Mnsrc Coxrrnn Fonnsr
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x
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X
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X
x
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X
X
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the coastal strip. The following account of its
climatic features is based upon the official rec-
ords of the few stations available, and from ex-

trapolations made from these. These sources
probably give a reasonably accurate picture of
the climatic environment of the type.

In central British Columbia and the adjacent
Rocky Mountains the middle and higher eleva-
tions, at which the Boreal Forest occurs, receive
approximately from 25 to 4O inches of precipi-
tation annually. Much of this falls as snow. In
general, precipitation in this region is evenly
distributed throughout the year. Southward
{rom British Columbia in the mountains of
northern Idaho and the BIue Mountains of Ore-
gon and 

'Washington the annual preciptation
remains about the same, but as was pointed out
earlier, a smaller percentage o{ it fails during
the warm season. Throughout the length of the
Cascades and the coast strip, annual precipita-
tion in the Boreal Forest is much higher than it
is farther inland, ranging from nearly 60 inch-
es in the south (Crater Lake) to 100 inches or
more in many places in British Columbia and
on the coast.

The Boreal Forest is tolerant o{ much lower
winter temperatures than is the Mesic Conifer
Forest, and requires significantly lower sum-
mer maxima. In the mountain ranges through-
out the Northwest and in the interior plateau of
British Columbia the mean January tempera-
ture in the tlpe probably varies from about 10'
to 26"F. Along the littoral belt this mean varies
from 38' to 46'F. Insofar as we can determine,
the July mean temperatures vary much less
than do those in January. The July mean in the
mountains and interior probably ranges from
52" to sB'F., while along the coast it runs from
57'to 6t'F.

The following list o{ thirty-seven species
(Table 3) is representative of the Boreal For-
est, and will serve as a basic association like
that of the Mesic Conifer Forest. The list has
been selected to include the dominant or other-
wise common species that characterize the type
in as many of its areas as possible, j.e., the lit-
toral belt, the Cascades, and the Blue and
Rocky Mountains.

The distribu,,"" .*^ 
:l:ï.1T""î.: ". tabutatd

shows the following peltinent f"utr,..*, ''

Only three species are reported fr.,* .^
south ás Mexico; 

"" ¡", 
;-"ñ;';;å'iÏölji

are either circumbo
Araska and norrher" Ë;Ë: li'iiii .;ï[iîin the area comprised of southeastern BriUrh
Columbia and northern"Idaho_,These t,ro u¡e
largely restricted to the littoral lrelt.

The foregoing data poìnt ro the fact that th
Boreal Forest is distinctly northern in its dis
tribution and in all probability rvas nor.thern in
its origin, as was the Mesic Conifer Forest. Fu¡.
ther evidence in support of this theoly is sup
plied by the presenr distribution of the othår
species in the genera represented in the type
(Table 4). Seven genera only are repeated

from the mesic forest of Table 2; the remain.
ing thirty-one are new.

A small but interesting group of species now

closely associated with the coastal strip of Bor.
eal Forest in Oregon appeat's to have a histor¡
relating them to the Madro-Tertiary Geoflor¡.
The group is made up of. ArctosLaphylos colun
biana, Baccharis pílularis cort sanguineus,

Carrya elliptica, Myrica calilorruica, Rhodu
d en d r o n o c ci d, ent al e and, U mb ellul o.r iø cal i I o r.

nica.They all follow the coast northrvard as far

as Coos Bay, constituting an important part of

the flora in this strip. Baccharis, Garrya and

Myricø continue more or less spoladically
along the Oregon coast, and Arctostaphylos as

far as southern British Columbia. Only rarely

are any of them found beyond the Klamath

Monntains in the inland basins: Rhododendron
occidentale in the Rogue valley at Myrtle CLee\

and on Nickel Mountain in the Urnpclua basin

Umbellularlø in the Umpqua basiu, attd, Arcto

satphylos columbianø occasionally in the Cas'

cades of central western Oregon.

With the exception o1 Rhod,od,endron, allthe

genela cit"d abov" are reported by Axelrod

(1958) to occur among the fossils associated

with the Madro-Tertiary Geoflora. Further'

more, as a group they occur today in central

and southeln California, sometimes as far ln'

land as the Sierra Nevada" in formations rang'

lbics lasinc

Åær dabru
llnus lenui¡
/nemone oc

lrctoslaPhY'

Ectula PaPY'

Cahha lePto,

Cornus cana

Ímpetrunt. n

triophorum

Eriophorurn
Coultheria q
Iløbenaría d
llcuchera gii

luniperus co

Kalmia polil
Ledum ¡nlus
Lonicera ínu
Luetkeø pectt
Ilaianthemu¡

Pochystima. r.

Pedicularis g
Picea engelm
Piceø sitchcr¿.
Pinus contort

Polygonum b

Populus trttni
Pyrola secuna

Rhodotlentlro,
Rubus petlatu

-.-

Shephertlia ao
Trientalis arct
Tsuga mcrteru
Yacciniunt ou,
lacciniutn ou,--=-
I'accittiutn. 

scc
kratrunt. uiri
aerophl.llum t
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XX
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X
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XX
XXX
XX
XXX

Chihuahua

Col. Gorge,
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XXXX
XXXXXX
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X
XXXXXX

P a chy s tínta my r sinite s

P ed icular ís gr o enland.íca
Picea engelma,nnii
Iticea sitchertsis
Pinus contorta

Saddle Mt.,
Marys Pk.

Chihuahua
Mt. Orizaba,

Tillamook
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Tillamook

XXXXXXXX
XXXXXXX

XXXXXXXX
XXXX

XXXX
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X

X
X
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Abies
Acer
AInus
Anemone (Pulsatillø)
Arctosnphylos

Betulø
CøIthø
Cornus
Empetrum
Eriophorum

Gøuhheria
H øb e nørin ( Limnor chi s )
Heucherø
Iuníperus
Kalrniø

Ledum
Lonicera
Lucthea
Maianthemum
Pøchystimø

Ped,inuløris
Picea
Pinus
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Populus
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ing from chaparral and woodland to mixed

-ïlí';i:iilln"" poi"'s to these species, or at

,',' *;; ; n;î:îïr"¿:îl:i,l îitr ä:-iåJ;

li tirr l,t"4to'Tertiary Geoflora, reaching the

lì*"rh X4ountains. and southwestern Oregon

i,i-ætty and middle Pliocene' There' in re-

l,i.,nre to increasing cold and humidity, they

ä.rn,r sufficiently adapted to this type of cli'

|ït, und edaphic conditions to invade the mild,

,ret .uuttul legion of the Del Norte Area and

,h, rur" uorthern coastal strip, where they have

oersisted until the present and mingled with

ih, r.mJr"tt of the Boreal Forest. The sporarlic

occulrences of Baccharis pilularis and Garrya

elliptíca uorthward suggest that this group at

one time was common as {ar up the coast as

rvestelrÌ Washington, probably paralleiing the

advance of other Madro- fertiary species

through the western basins during the xero-

thermic tnaximum.
It was possibly in conjunction with the coast-

rvard and northward movement of these species,

and this also perhaps at the xerothermic maxi-
mum, that Quercus garryurla and Rhus d,iaersi-
Ioba, dominant features of the interior oak
woodlands, advanced up the coastal strip of the
Del Norte Area (Fig. 3)-Querc¿¿s as far as
Pistol River, Rhus as far as Cape Sebastian.

It is conceivable that an environment which
at first glance appears to be moist and cool may
in actual fact have an efiect which is quite the
ì?verse. A soil which is sandy and very well
drained in an area where summer rainfall is
negligible creates a xeric situation as far as
plants growing in it ale concerned. If, in addi-
tion, salinity of the environment is increased
by sea rvater in the form of spray in the winter,
the total efiect is xeric (Heur."r 1OOO¡. Sum-
mel'temperåtures, while tempered by proximi-
ty to the ocean, probably exert more than aver-
age influence if moisture is insufficient. The net
result is a xerothermic condition. When this
eondidon is extreme, as on the west coast oT
Itorthet'n Mexico, cactus piants extend from the
qesert down into the upper margin of the beach-
es. ltr the Northwest Arctostaphylos colum,bia-

rua, Bacchøris pilulari.s and Carrya elliptica
mix with those members of the Boreal Forest
which tolerate this situation, and in the Del
Norte Area Quercus gørryanu and Rhus d,iaer-
siloba of the oak woodlands appear in the coast-
al strip.

ALPINE FELL.FIELDS

The Alpine Fell-fields comprise the treeless
vegetation type that occupies the zone above the
Boreal Forest, where the absence of trees and
any but prostrate shrubs is the result of the ex-
tremely rigorous conditions resulting from low
winter temperatures, short growing season,
deep snow cover and high wind velocities.

In the southern Oregon Cascades, as at Cra-
ter Lake or on Mount Mcloughlin, timber line,
or the lower limit of fell-fields vegetation, is at
an altitude of about 7500 feet. This line is low-
er in the north, and at the 52nd degree of lati-
tude it varies from 4500 feet in the Canadian
Cascades to 6500 or 7500 feet in the Selkirk
Range (Kendrew and Kerr 1955). Still farther
north it merges with the arctic tundra which
continues on to sea level at the Arctic coast. In
southern British Columbia, fell-fields occur
in extensive areas in the Cascades and in the
Selkirks. In Washington and Oregon the areas
are smaller in size and more widely scattered
southward through the Cascades the Blue
Mountains, and in the Wallowas. They are not
found in the Coast Range south of the Oympic
Mountains.

Accurate climatic data are even moïe scarce
for the fell-fields than for the Boreal Foresr.
Annual precipitation in most cases is about the
same as in the Boreal Forest immediately be-
low it, as is also its seasonal distribution. It is
certain that January means are much lower
than the 26'F. we have given as the upper limit
in the Boreal Forest of the mountains, and that
the July average is also lower, with night tem-
peratures frequently falling below the freezing
point throughout the summer.

The number of plant species above timber
line is relatively small compared to those of
other vegetation types. The fourteen species
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(Table 5) are closely restricted to these areas

and together constitute a characteristic and

well-deflned community.
It is possible that the present geographical

distribution of the species? as well as the gener'
ai distribution of the genera represented
(Table 6), indicates the northern origin of the
alpine flora of the Pacific Northwest. It is inter-
esting to note, however, that of the fourteen
species representing it here, only three are cir-
cumboreal and only seven occur in northern
Canada or Alaska. This is in contrast to the
relatively large percentage of Boreal Forest
species which extend far northward, and sug-
gests that the alpine species either have been

isolated for a longer time and have undergone
rigorous selection, or that the species of Coilo-
mia, Hulsea, Polemonium and Polygonum
arose in the western mountairls.

PINE-OAK FOREST

The Pine-oak Forest has two major phases

in the Pacific Northwest. A western phase occu-

pies a considerable area at lower elevations in

the Rogue River basin and occurs in scatteLed

aleas of variable extent in the succession of

river basins reaching to the south end of Van'

couver Island. The dominant species al'e conl'

monly Pinus pon¿Lersoa, P. jeffreyi, one of se\"

eral species ol Quercus, and Arbutus menziesii.

This mixed forest continues southward through

California, across Arizona, and into the SieLra
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ty, althougl under extreme conclitions o{ cli'

mate it may appear as pure stands of oak or
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TABLE 6. DIsTnIeUTIoN oF THE GENERA REPRESENTED IN THE
BASrc coMMUNrry oF THE Arprwp F¡rr Fler,ns
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CassíoPe
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Lupínus X

0tYria
I'hyllodoce
PolentonítLtn
Itolygorttun'
Safilragtt

tending from northeastern California through
the Klarrath Jrasin and eastern Oregon, 

.Wash-

ington and British Columbia as far as the lati-
tude of Kamloops and Shuswap Lakes, and
flonr there south and east into nofthern Idaho
and through the BIue Mountains. The dominant
species in the eastern phase is Pinus pondero-
so; Arbutu,s is entirely absent and Quercus oc-
curs only in a limited area in the vicinity of the
Columbia Gorge. Further, a large percentage
oi the shrlrbby and herbaceous associates of the
Ìr'estern phase is absent {rom the eastern. In
spite of this there are reasons for treating the
ttto phases as a single unit. They are not dis-
junct populations, being confluent in a broad
at'ea in northeastern California where the grad-
ient of occurrence and dominance of the constit-
uent species can be observed. A sufficiently sig-
nifìcant number. of species is common to both
phases; Lesides Pinus ponderosathe most obvi-
orrs aÌ'e probably Ceanothus uelutinus and. Arc-
tostapltylos patula. Finally the eastern and
it'esteLrr forms of Pinus ponderosa are appar-
ently iclentical throughout the Pacifrc Ñorth-
tt'est, artd although the eastern population does
ertend southward to Arizona east of the Sierra
\et'acla, it is distinct from though closely re-

lated to the more southern segregates that have
sometimes been made of the speci es, Diz.) Pinus
arizoruica, P. latif olia and P. brachypterø, Ihus
minimizing the possibility that the eastern
phase of the type is more closely related to a
Great Basin or Rocky Mountain flora than to
the Californian (MartinezIg4B, Mirov 1967).

The Pine-oak Forest tolerates a more xeric
climate than does the Mesic Coni{er Forest.
East of the Cascades it occurs where meån an-
nual precipitation is from 15 to 25 inches. In
the Rogue Area these figures are a little higher,
from about 20 to 30 inches. January mean tem-
peratures range {rom 25' ro 30"F. east of the
mountains and from 34' to 39"F. in the Rogue
Area. There is less difierence in the surnÍrer
temperatures, the July means ranging from
61' to 71"F. and from67" to 71'F. in the east
and west respectively.

Because of the greater diversity of the sub-
dominants on the two sides of the Cascade axis
it is more difficult to select a basic association
in the Pine-oak Forest than in the preceding
types. The species list presented in Table 7 has
been selected in such a way as to include (a)
the major dominants and subdominants that
occur commonly on both sides of the axis, (b)
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TABLE 7. DrsrnrnurroN oF THE BÄ.sIC coMMUNrry oF THE Prr,rn-o¡,r Fonusr
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TABLE B. DISTNInUTIoN oF THE GENERA REPRESENTED IN THE
BASrc coMMuNrry oF THE Pr¡co-o,tr FoRrsr
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important species entireiy or largely ïestricted
to oue side or the other, but which at the same
tinte have a fairly extensive r.ange significant to
the histoly of the whoie type and (c) a certain
nttmber of Rogue and Siskiyou endemics which
at'e stt'ikingly characteristic of the pine and oak
lot'ests and woodlands of those areas and which
indicate certain evolutionary tendencies there.

Several interesting distrìbutional pattelns
at'e denronstrated by Table 7:

, a) Eleven species occuï in a south.centrally
located legion comprised of north central Mex-
lcO, Arizona and New Mexico (to be referred

to here as the Interior Southwest).
b) Thirteen species extend northward on

the west side only of the Sierra-Cascade axis.
These include, however, four species which
have obviously migrated through the Columbia
Gorge and now occur in a restricted area near
its upper or eastern end. Only two of these thir-
teen species are represented in the Interior
Southwest region named above.

c) Two species extend northward on the
east side only of the Sierra-Cascade axis. Both
o{ these occut' in the Interior Southwest.

d) Of flfteen species rvhose distribution ex-



20 BALLETIN, MUSEUM OF NATURAL

tends north on both sides of the axis seven oc-
cur in the Interior Southwest.

e) All species occurring in the Rogue Area
are found also in California west of the Sierra
Nevada.

f) No species extends north of the Paciflc
I{orthwest region, i.e., inlo northern Canada or
Alaska.

g) Only two species range into eastern North
America; both of these are connected with the
western portion of their populations through
Mexico, New Mexico or Arizona.

The foregoing brief analysis, along with con-
sideration of the present distribution of the
genera involved (Table B), indicates that the
Pine-oak Forest, in contrast with the preceding
three types, is of southern origin. The center of
difiusion of the species comprising the type
was in all likelihood the region included in
northwestern and central Mexico and Arizona
(Fig. 6). This idea will be developed later.
Whenever the original northern migrations
may have occurred, the eastern and western
phases of the type were at least eventually sep-
arated by the Sierra-Cascade axis, and signi-
ficant divergent evolution has taken place on
the two sides of the mountain ranges.

JUNIPER.SAGEBRUSH WOODLAND

The Juniper-sagebrush Woodland is the
northward extension of the Great Basin pin-
yon-juniper woodland, {rom which association,
at our latitude, the pinyon pines have dlopped
out. As indicated by the name the type is domi-
nated by one of two species ol luniperus (1.
occid,entalis in the south and J. scopu.Iorum in
the north) and/o'* Artemisia tridentata.

It is most extensive in southeastem Oregon
where it occupies the tableland that constitutes
the northern end of the Great Basin, continuing
southward into noltheastern Califolnia and
Nevada and eastward across southern Idaho.
It is almost cut ofi by the Ochoco Mountains in
central Oregon, but after passing through the
gap of the Deschutes River between these monn-
tains and the Cascades, the type continues

HISTORY, ANIVERSITY OF OREGON 
\0.13

northward as a more or 
l::.^"î1.-y str.ip inside

the arc of the yellow pine forest. ;t"lì
rounding the grasslands of the C"1i,,,,ü;'irï
of north central Oregon and.southeart 

Wurlu
ington (Fig. a). In sou-rheast British Colurnbia
the Juniper-sagebrus.h Woodland extends
northward to approximately the- latitude ;i
Kamloops. An interesting shift in the doninant
species of this type takes place along its north.
south axis. On the central plateau of northenr
Mexico the type is represented by a .,roodlr,,i

of junipers and pinyon pines; sagebnrsh is ab.
sent. The latter species enters the comnlunitv
in Arizona, and the thlee are closely associated
as far north as central ol northern Nevatla.
Here the pinyon pines are eliminated and juni.
per and sagebrush dominate the type until the
northern extremity of its range is reached. In
southeastern British Columbia the junipers

largely disappear and the sagebrush and its

associates melge with the yellow pines, so thal
in this area it is frequentiy difficLrlt ol impossi.

ble to determine which type we are dealing

with.

Climatically the Juniper-sagebrush Wood.

land is more xeric than the Pine.oak Woodland.
Mean annual plecipitatiorl r'arlges fronl 7 to
13 (r'arely up to 16) inches, most of rvhich falls

during the winter, although there are signifi.

cantly heavy thunder stolms during the sunl.

mer months. I{ost of the plant species bloonr

duling a short period in May and June, rçith

orrly a few deep-rooted shrubs (e.g. Artemßia
and Chrysothamnus) delaying their florvering

season until late summel or early fall.
Wintel temperatures in this comtltttlitT i¡l

the Pacific l\orthwest are moderately lol', the

January means ranging fr-om22" to 32"F,, the

lowel averages teuding to occur irt central Brit'

ish ColLrmbia, the ,rorlhertt extrernity of the

region, and the higher ones in the Deschutes

Area (Fig. 3), theãr"u in which we frnd prob'

ably the best development of this association in

the Pacific l\olthwest. These temperatttres âIe

not greatly difierent from those in the Pine'oak

Forest east of the Cascades, although JalluaLr

means avelage from five to sel,ett degrea
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TABLE 9. DIsrnIsurIoN oF THE BÀsIC coMMUNrry oF THE Ju¡rrprn.slcEBnusu
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rralmer in the Rogue Area Pine-oak Forest.
July mean temperatures range fr.om 65" to

73"F. at stations in the juniper-sagebrush belt,
running from trvo to four ciegrees higher than
in the surrounding pine forests

-A 
group- of trventy-five species can be r.eadily

selected rvhich is clearly chalacteristic of thl
Juniper'-sagebrush Woodland. This basic asso_
ciation is listed in Table 9 where the distribu_
tion of,the various species is tabulated. Analy_
sis of the tabulation shows that the communiiy
is compact and homogeneous, restricted irr gen_
eral to the intermontane region but rr.ith the
same southrvard extension into the alid South_
'rçest that was evident in the Pine-oak Forest.
The follorving distlibutional details may be

X

worth noting here:
a) Of the twenty-five species included in the

basic association, all occur in the Great Basin
and the Columbia Plateau and seventeeu er.
tend northrvald into southeastern British Col.
umbia.

b) Trventy-one occupy the westward exten.
sion of the Great Basin in northeaster.n Califor'.
nia. One of these, Phacelia linearis, crosses

over into the Rogue Area while ttto, Chaen-

actis dougløsll and Lupinus argenteus) occrtt'

in uorthern Califolnia west of the Sierra Neva.
da rvith no present-day connection with the type

through southem Califolnia.
c) Sixteen species occur in the Interior'

Southrçest aÌ'ea complised of north centl'al
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Mexico, Nerv-Mexico and Arizona'
"- 

,l I Only thlee spectes range to any appre-

c¡'ií, dirtott.e from.th.e Great Basin. One suå-

ics of Descu,rainia pinnata follows the
specles

ä;;hr", coasta-l plain as far as North Caro-

treats in detail the floristic constitntion, cli-
matic requirements, and probable postglacial
history of this vegetation type in southwestern
Oregon and northern California.

In our region the chaparrai is usually domi"
nated by Ceanothus cuneatus, although thi. ,p"-
cies is sometimes largely replaced hy Arcto-
staphylos uiscida or A. cønescens.

The chaparral species are more tolerant of
drought conditions than are those of the Pine-
oak Forest which usually occupies the slopes
above them. Mean annual rainfall ranges from
12 to 20 inches, with less than 20 per cent oc-
curring in the six driest months of the year.
January mean temperatures are relatively high,
running from 34' to 3B'F. July means are
from 69" to 73"F. These also are in general
higher than those in the Pine-oak Forest, and
more nearly approximate those occurring in
the Juniper-sagebrush Woodland.

The species making up the Chaparral For-
mation are even more restricted in their range
than are those of the juniper-sagebrush type.
The basic community with its distribution is
shown in Table 11. They all occur in the Cali-
fornia Central Valley, Klamath Mountains and
the Rogue Alea, with about hal{ of them extend-
ing southward to southern California or Baja
California. Relatively few are found outside
this general region. Of the four species listed
for the Great Basin three occur in western Ne-
vada only in that area. Only two go as far north
as the Columbia River. The genera to which
these species belong are mostly either restricted
to western North America oï are at least best
developed there. The present-day chaparral
may have developed from vegetation of a more
southern origin ( cl. Table 12 ) , but many chap-
arral species plobably developed in the areas
in which they now occul. This view is support-
ed by Stebbins (1952) who postulates that
greater numbers of species in geologic time
evolved in a dry habitat than in a mesic one
because of a greater turnovel in species, and
that "environments limiting ol deflcient in one
all important factor, moisture, have often pro-
moted evolution."

il^; Rh"t glabra is. common in central and

"lttá"r 
Nolth America, while Phlox hood'ü

]nn*r, nottltwald along the western margin of

,hr"G.ru, Plains to Yukon and central Alaska,

th, only otte of our species to extend into boreal

America'

The features of the present distribution of

its constituetlt species, together with the general

distribution of the genera involved (Table 10),

indicate a southern origin for this community,

rvith its center possibly on the Meseta Central

of Mexico and in Arizona and western New

Mexico (Fig. 6). Although in general the

spread of this vegetation type and that of the

Pine.oak Forest may have paralleled each oth-

er, the greater tolerance of the juniper wood-

land species {or xeric conditions probably kept
the two distinct in area and in time and stages

at rvhich they developed in any given area. It
is notervorthy that of the genera represented in
our selection of the basic flora of the Juniper-
sagebrush Woodland, more than hal{ are either
restricted to western North America or are es-

pecially rvell developed there. It wouid seem
that rvith the rigorous conditions under which
this type has existed evolution has progressed
rapidly at all levels.

CI]APARRAL FORMATION

As defined here chaparral is restricted in the
Pacifrc Northwest to lower elevations in the
Rogue Area, occurring extensively in the Rogue
rratelshecl, including that of its tributary, the
Illinois River., and i"n relatively small aråas in
the Unrpqua valley (Fig. a). Ii i, o {or.mation
dominated by shrubs with extensive root sys-
tens, usually growing in dense stands. The spe-
eles al'e characterized by relatively small, thick,
heavily cr,rtinized l"auer, usually but not always
evel'greerì, bor.ne on rigid twigs and branches.
A receut paper by the author:(Detling 1961)
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TABLE 11. DrsrnreurroN oF THE BASrc coIIMIINITY oF TIIE CnapeRn¿.r
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Lonicera interrupta
A/Ionardella uillosø

Q uer cus u a, ccíni I olilt,
Rhømnus cølilornica
Rhøm,nus croced

Rhus trilobata
Thysanocarpus radians
T richo stema lanceolatum

GRASSLAND FORMATION

Studies of post-Pleistocene pollen of the

glasslands in eastern Washington show that the

vegetation immediately following the Wiscon-
sin period was similar to that found today
(Hansen 1939). The grassland and desert

zones increased in area for a time during the
xerothermic interval following this time, and

then the forest returned to approximately its
pïesent extent (Daubenmire 1942). Overgraz-
ing and other man-induced factors may have

accelerated the invasion of this type by second-

ary species often to the extent of eliminating
the grasses that were originally dominant.
Much of the plateau of southern ldaho (Crad-

dock and Forsling 1939) and the Gleat Basin
(Pickford 1932) that is now occupied by sage-

brush was grassland before livestock glazed

out the associated plants.

The most typical grassland left todav i. t,,

be found in southeastern and sottth <'cntr.ri

Washington, pafiicularly on the rolling hill'

of the Palouse and Snake River vallel's {l'ir'
4). There is evidence from relict ¿tt'cas th'rl

much of the Coh-rmltia Plateau north of th'

Ochoco Mountains in Oregon lvas otlcc clillt'rr

grassland. In British Colr"rmbia natttlal glir"'

lands extend far nolth of our ¿ìl'e¿Ì oll tltc lL"'r'

and lower slopes of the iuterior vallel's' u.lr''r''

they are o{ten interspersecl rvith folcst rtrt"t'

In south central Ilritish Colunrl'ia nrtrt'lr "l tli'

grassland has beeu seriously invadctl l)v :ir!t'

úrush and relatecl vegetatiori (Tjsdale l9lî r' 
.

The Grassland Formatiort is tlotrtittrtt"l

lalgely by bunchgrasses suclt as llgroP\r('t|

Stleanl¡ank and frecJuetttly rinlrock'lts.'''t''
tions may contain aht'r,l-, ,p".ics. ttsttrtllr llr'
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TABLE 12. DlsrntnurloN oF THE cENERA REpRESENTED rN THE
BASrc coMMUNrry oF THE Cuap¡,nner.
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rr-sagebrush type.
general, the climatic requirements of
and in the Pacific Northwest are not

different from those of the Juniper-
W'oodland. Annual precipitation

from 7 to lB inches, January mean tem-
hom 29" to 33"F., and July mean
res from 65' to 76" F. 

'What 
may be

ificant factor in maintaining grassland
than sagebrush and juniper is a fairly

tendency for relatively high amounts
nfall to continue well through the late
months (May and June) in the grass-

areas.

Mostly Pac. Coast

Clarkiø pulchellø
Clematis hirsutissima
Elymus glaucus
Festuca id,øhoensis
Festuca scøbrella
Fritilløria pudicø
Gaillard,ia øristøta
Geranium aisco sis simum
H e liønth ella uníflo r a
Iris missouriensis
Koeleria cristata
Lupinus sericeus
Mertensia longillora
Poo, secund,a,

Ranunculus glab er rimus
S p o r ob olus cr y ptanilr us
S p o r o b olus colurnbiønus
Stipa comata
Trilliurn petioløtum,
Vyethíø amplexicaulis

lrth
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n thd
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Coxsur:urnrs oF THE Gnassr-axo

Agropyron inerme
Agropyron spicatum
B øIs ømorhiz a s øgí.ttøtatlons'
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CRETACEOUS

The history of modern vegetation goes back
largely to the Cretaceous. By this time the gym-
nosperms had undergone a long period of evo-
ution. Many of their primitive lines were ex-
tinct, and of those remaining most were dwin-
dling in importance. One of the last of their or-
ders to evolve, the Coniferales, had originated
at least by the beginning of the Mesozoic, and
by late Cretaceous it was still the most import-
ant line of gymnosperms, and was widely dis-
tributed in both the Old and New Worlds.

By the end of the Cretaceous the flowering
plants far surpassed the gymnosperms in num-
bers of families and genera and dominated the
face of the earth. Their primitive representa-
tives may have originated in the tropics and
moved northward to undergo this great devel-
opment (Axelrod 1952, 1959)7 or, as some
botanists believe, they may have originated in
the Holarctic regions (Just 1946). Most of the
angiosperm families as we know them now, and
many of our modern genera, are known from
the Cretaceous of the Northern Hemisphere.

Whatever may have been the time and place
of origin and early development of the angio-
sperms, by the end of the Cretaceous there was

a well developed flora of modeiir aspect in
Alaska, northern Canada, and Greenland, ex-

tending southward into eastern North America,
the Rocky Mountain region and California. The
constitution of this flora has been determined
or otherwise cailed attention to by the work of
Hollick (1930) in Alaska, DorI (1942) in the
central Rocky Mountains, Chaney (1946) and
others. Let us recail that the only land masses

in the Northwest not covered by the Cretaceous
sea were the great batholiths forming the Ne-
vadan orogenic arc (Fig. 2). Emergent land
then existed in the mountain rnasses that have
persisted as the Vancouver Island Mountains,
the Canadian Cascades and the highlands form-
ing the dissected plateau of southern interior
British Columbia and north central'Washing-
ton, the Selkirk and Bitteroot Ranges and the

Blue and Klamath Mountains. f)uring the long
period of time encompassed by the Cretaceous
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the etevarion of the.l:11 
tr:::s varied rvithstages in uplift and erosion, but thev *;;..'

areas of low relief. These tun¿ å""""1'luut'
closely associated with those o{ ¡1".ü".."u'u
ern canada and the RfF Mifiiiî,lil
from what we know of their Cretaceou.ì,
and the evidence we have ft""r ,h""î;iì;ii::
Island Cretaceous (Chaney 1946).,u" .rn frob.ably draw some very accurate 

"orr"lu.io,'r, ,..garding the flora of our region at the close of
that period.

The vegetation of the uplands bor.der.ing the
embayment of the northwestern Cretaceoui sea
apparently consisted of a forest cover made up
largely of hardwood genera (Chaney 1946i.
Represented among them was a rather large
number that still occur commonly in our.flora.
These genera are mostly associates of the cool.
temperate forest, although some are found
more regularly in other types. The more im.
portant members o{ the group include:

Abies
Acer
Alnus
Betulø
Cornus
Corylus
Crataegus
Fraxinus
Gøultheria
Juglans
Larix
Lithocarpus
Mahnnia
Malus
Myrica
Philadelph.us
Piceø
Pinus
Populus
Pseudotsuga

Quercus
Rhamrrus
Salix
Sambucus
Sequoia
Smiløx

leü

Sorbt
StiPø
Torr¿

Tsugt'

Unb¿
I/ibut
Yitie

Tl¡ese ar
enl Nort
are refer

,{merical
A sect

spread ir
nronll'tot
ica but h
west of th

calt Elem

,lristol
lsimi4
Carpin,
Corya
Cassia

Castane

Celastrt
Compto
Cotinus
Diosp.¡.r
Fogus

I lex
Lindera
Liqu,itlat
Liriotlen
Ìl[agnoli,
Ìllyrsine
l\telunt l¡a
Àtssø
0str1,u,

Piper
Sopinrlus
Sassøfrøs

Taxodiu,n
Tilio
Ulmu,s

Still a thi
either. to Asi
grons o{ the
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I

Sorbus
StiPo

TorreYa
Tsugø
(Jmbellularia

I/iburatn
I/ iris

These are genera which have persisted in west'

ern North America down to modern times and

are ref"rred to by paleobotanists as the 'West

Americart Element of the early flora'
A second group of genera that was wide-

spread in the Cretaceous forest occurs com-

monly today in the eastern part of North Amer-

ica but has been eliminated from the region
west of the Rocky Mountains. This East Ameri-
can Element includes the following:

Aristolochia
Asim'ina
Carpinus
Carya
Cassia
Castanea

Celustrus
Comptonia
Cotinus
Diospyros
Fagus

Ilex
Lindera
Liqu,idarnbar
Liriodendron
Magnolia
Myrsine
Nelu,mbo

Nyssa
0strya
Piper
Sapindus
Sassafras
Taxodium
Tilia
Ulmu,s

. 
Still a third group of genera, now restricted

elther to Asia or to tropical or subtropical re-
gions of the New Worlå, includes:

Ailanthus
Cercid,iphyllum
Cinnamomum
Ficus
Ginltgo
Glyptostrobus
Grewia
Hed,era
Keteleeria
Laurus
Metasequoia
Paulinia
Persea
Pistachia
Pterocarya
Sabal
Sterculia
Zelltoaa
Zizypltus

The present distribution of the genera rep-
resented in this whole Arcto-Cretaceous Geo-
flora indicates for that period a temperate to
warm-temperate and humid climate, though not
to the point of being subtropical, even in the
subpolar region above the Arctic Circle. Abun-
dant rainfall apparently was distributed {airly
evenly throughout the year, as evidenced by the
presence o{ genera which today are character-
istic of climates that have abundant summer
rainfall. Proximity to the sea doubtless mini-
mized seasonal temperature variations.

Stebbins and Major (1965) and Axelrod
(1959) postulate that the Madro-Tertiary Geo-
flora had it origins in an ancient xeric or semi-
xeric floristic element which migrated from
one continent to another. They point out that
many relict species in California have close
relatives in the other arid regions of the world

-southwest 
Africa, the Mediterranean region

and Chile. This great similarity suggests rhat
they have evolved very little since they became
separated.

Climatological evidence shorvs (Stebbins and
Major 1965) that the Madro-Tertiary Geoflora
could not have migrated {rom one continent to
another in the Tertiary. The northern limits of
the evidence is far south of any Tertiary cli-
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mate capable of supporting such a flora.

Further, Stebbins and Major postulate the
existence of pockets of xerophytic floras in late
Cretaceous and Tertiary times when the cli-
mate of the American Southwest was tropical
to warm-temperate. They cite similar forma-
tions in South America.

EOCENE

Certain major geologic and climatic changes

occurred at about the close of the Cretaceous
period that had a far-reaching effect upon the
flora of the Northwest. The frrst of these was the
elimination, through combined sedimentation
and uplift, of the embayment of the sea bor'
dered by the Nevadan orogenic arc. The result
of this was to provide a relatively level low-
land area extending from the Blue Mountains
and Okanagan Highlands eventually almost
to the pïesent coast line of Washington and

Oregon. The Cascade and Coast Ranges weÍe
formed much later, and in the absence of moun-

tain barriers on the west, an oceanic influence
prevailed in the climate of this entire plain.

A second signifrcant change for which we

have evidence from the Eocene was an increase

in temperatures over those prevailing during
the Cretaceous. This warming trend was gen'

eral, at least throughout the Northern Hemi-
sphere, so its efiect on vegetation was not re-

stricted to the Paciflc l\orthwest (Chaney 1949,
Axelrod 1958).

A few fossii floras have been uncovered in
this region which have been leferred to the

Eocene, and which reveal the nature of the

flora during the epoch. The best known o{ these

are the Clarno (Knowlton I9O2, Chaney 1946)
in the John Day basin of eastern Oregon, and

the Goshen (Chaney and Sanborn 1933) and

Comstock (Sanborn 1935) floras of the Wil-
lamette valley in western Oregon. These floras
indicate that the lowland plain was occupied by
a broad-leafed forest whose genera came from
two distinct sources. A relatively small number
of genera had been represented in the temper-
ate Cretaceous floras of Alaska and the central

HISTORY, UNII/ERSITy OF OREGON 
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Rocky Mountains (Hollick 1930), a.d wr
ur..r-" that these g.r"ru h"d #;;;;: *tY

the mountains of dritish C"r"-¡ì" li[ iiï:
Blue Mountains. This group was made
species or Aralia, Arxioto.clh¡r, ä;}]o"å,.i|
narnomu,rL, Diospyros, Fjyus, Magwlia, per.
sea, Platønus, Quercus, Rhamnus, Smjl¿¡ and
Viburnum. They are genera which are well
represented today in warm 

_temperate l\s;h
America. We may suppose that as the pa.iÊc
shoreline advanced westward 

.during upper
Cretaceous and lower Eocene times this irag.
ment of flora of boreal origin invaded the new.
ly formed lowlands, and persisted there in
spite of the warm climate, probably as newly
evolved species adapted to the changed condí.
tions.

The majority of the genera making up the

lowland forest, however, were appalently new

to this region and had no previous relation to

the temperate boreal forest. Such were: Anona,

Apor o sø, A str oníu,m, C ølyptr anth,es, Cord,ia,

Cupania, Inga, Lucuma, Mallotus, Meliosma,

N e ctr and r a, O c ot e a, S ap iurn, S ip ar una, S tr y ch.

nos, Symplocos, and Tetracerq. These al'e gen.

era which today are found largely in tropical or

subtropical countries, many of them restricted

to Central and South America. The fossil rec'

ord shows that a closely related community was

already in Central America in the Eocene, and

persists there under subtropical conditions in

such places as the central plateau of Costa Rica'

Chaney and Sanborn (1933), in discussing

the Goshàn flora, emphasize the point that the

Eocene climate of the Pacific Northrvest lorç'

lands was probably not tropical but rathel sub'

tropical, similar to the present climate of up'

lanã Costa Rica. They påstulate a mean annual

temperatur" of uboni 6B'F. and atl annual

rainfall of about 70 inches.

While the subtropical forest dominated dre

warm lowlands, the mountains that llordered

them on the north, east and south-the Cana'

dian Cascades, BIue and Klamath Mountains

(Fig. 1)-.rnáorrbt"dly served as lefugia for

th""bor"ul flora of the region. Direct evidence

of the constitution of this upland flora is scarce'
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,lrhough otte layer of leaves in the Clarno for'

;ñ; in Oregon contains representatives o{

,irir typit"t temperate gen-e-r-a as Metasequoiø,
"iiour','t¡tl,ocaïpus and Ulmus, mixed with

íi.'-rut ttopical genera of the typical flora

ili,,o,ulto" 1902) ' . 
Chanev (1938) believes

ùrrrr rtpt.t.nt-the Eocene vegetation o{ the up-

iund, of the Blue Mountain region. Later de-

,,riopurtn,t in the eastern Oregon and W'ash'

ingtån Rotn seem to substantiate this view.

OLIGOCENE

Subtropical conditions persisted in the low-

lands through the Eocene and into the early
oart of the Oligocene, but during the latter
åpoch tl,ere was initiated a return to a more

temperate climate-a cooling and drying ten-

dency that continued progressively through the

remainder of the Tertiary Period, with only
brief recessions.

Plant megafossils are not numerous in the
0ligocene of the Pacific Northwest, but from
those available, along with the evidence {rom
such floras as the Weaverville in northern Cali-
fornia (MacGinitie 1937), the Lower Cedar-
ville in northwestern Nevada, and the Floris-
sant in Colorado (MacGinitie 1953), and from
the recent pollen studies by Gray (7964), we
get rvhat is probably an accurate general pic-
tule of the floristic changes that took place dur-
ing the epoch.

- With cooling tempeïatures the subtropical
forest of the low plain was gradually replìced
by a temperate forest u"ry ,i-ilur to thaiwhich
dominated the upland rãgion during the Cre-
taceous. Most of its species probably migrated
tloln the slopes from the highlands bordering
the plain, *ù"r" temperatur-es had been cool
ettough fol them to persist through the Eocene.
0ther species und gåne.a -uy hJu" come south
with the changing ciimate from northern Brit-
rsh Columbia and Alaska where the original
tenrperate boreal forest still flourished.

It_tvas still largely a broad-leafed decidu-
ous fot'est. Many of its genera are familiar in
rnore mesic situations in the Northwest today:

Acer, Alnus, Arnelanchier, Betulø, Corylus,
C r ataegus, F r axínus, M ahonia, III alus, p hila,-
d,elphus, Popu,lus, Quercus, Ribes, Rosa, Sølix,
Sambucus, I/iburnum and \¡itis. Others that
were common at that time are now restricted to
eastern North America: Carpinus, Carya, Cas-
tonea, Fagus, Ilex, Liquid,arnbør, Nyssa, Os-
trya, Tilia and Ulmus.

The conifers apparently lvere represented
largely by members of the Taxodiaceae" Leaves
oï Sequoia, Metøsequoia and Tø.xod,ium are
common in the Oligocene sediments, and Gray
(1964) reports that ". . . Oligocene strata at
present are perhaps best characterized by the
abundance of coniferous grains of presumed
taxodiaceous affìnities. . . ." I'huja and Libo-
ced,rus were probably present, especially in the
uplands. Poilen of Cupressaceae is reported
from both western and eastern Oregon and
from Idaho, and both of these genera weïe
present in the Miocene. While Abies, Picea,
Pinus, Pseud,otsuga and Tsugø were present
and most widespread as shown by megafossiis
and pollen, they were not abundant, and the
great coniferous forests made up largely of
Pinaceae that today occupy so much of the
Pacific Northwest at all elevations were still to
develop.

MIOCBNE

The Miocene and Pliocene floras of the Pa-
cific Northwest are more abundant and better
known than those of the preceding epochs. Our
best known Miocene floras are the Eagle Creek
(Chaney I92O), Molalla and Ashland in wesr-
ern Oregon, and the Mascall (Chaney Ig25),
Biue Mountains (Oliver 1934), Stinking Wa-
ter (Chaney and Axelrod f959), Sucker Creek
(H. V. Smith 1938, 1939), Trout Creek (Mac-
Ginitie 1933), Lower Ellensburg, and Latah
(Knowlton 1926) in eastern Oregon and Wash-
ington, and the Upper Cedarville (LaMorte
1936) in northwestern Nevada.

The tendency toward a cooler and drier
climate that began in the Oligocene and con-
tinued through the Tertiary was a general one
that was felt at least throughout the Northern
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Hemisphere. A more local factor that eventual-
ly had a profound efiect upon the climate, and
thus upon the vegetation of the Pacific North-
west was the volcanic activity which was re-
sponsible for the building of the Cascade Range
(Clark and Stearn 1960). During the lower and
probably middle Miocene the mountains were
low with only a moderate influence on the cli-
mate to the east. At that time Metasequoia was
the dominant tree in the temperate forest of
eastern Oregon and'Washington. But by upper
Miocene time, as revealed in the Mascall flora
at the base of the Blue Mountains, while Metø-
sequoiø was still present it was greatly reduced
in abundance" The Cascades were now inter-
cepting some o{ the moisture from the Paciflc
Ocean, and seasonal temperature fluctuations
and extremes were becoming mole pronounced.
Axelrod (1950), however, postulates stiil an
average annual rainfall of 35 to 50 inches, dis-
tributed more or less evenly throughout the
year, and moderate temperature ranges for the
lowland areas of the Great Basin and Columbia
Plateau, where the Arcto-Tertiary Geoflora was
dominant.

The Pinaceae increased markedly during the
Miocene. At the beginning of the Miocene mem-
bers of the Taxodiaceae were predominant
among the conifers, represented by Sequoia,
Metasequoia and Taxodium. But by the end of
the epoch several of our familiar genera among
the Pinaceae, €.g.t Abies, Picea and. Pinus,
were o{ten abundant, while Pseudotsugø and
T su,ga are known to have been present, as well
as Thujo, and Libocedrus of the Cupressaceae.

Another Miocene feature which was probab-
ly the result of changing climatic conditions
was the appearance of an increasing number of
herbaceous tlpes, including a few predomi-
nantly herbaceous families such as the Malva-
ceae, Onagraceae? Polemoniaceae, Umbellife-
rae, Gramineae, Cyperaceae and Compositae.
Herbaceous types were much more highly de-

veloped at this time in Cali{ornia and the rest
of the Pacific Southwest (Gray 1964), prob-
ably as a result of adverse climatic conrJitions
for most trees and shrubs (in this case extreme

drought), and it is to be expected thet.^

rî: î#li j;l*lj. *,r" i"' ::il Tlï:

PLiOCENE

The culmination of the 
. 
xeric trend was

reached by middle Pliocene time. The Cur..de.
and Coast Range had been elevated to appìoxi.
mately their present elevation and the *o¿.*
pattern of ranges and.intervening basins was
well established. Rainfall east of the Cascadæ
was reduced to the minimum reached at
time previous to the Pleisrocene i;; Ë. AÏil
rod (1950) postulates a middle pliocene 

an.
nual rainfall for the northern Great Basin anrl
Columbia Plateau o{ about 15 to IZ inches,
with somewhat less farther south. The contin.
ued presence o{ the East American Element in
the forest, however, indicates that there was
still considerable summer rainfall.

During the lower Pliocene the northeln in.
termontane region in Oregon, with a rainfall
of 25 to 30 inches, was dominated by a modi.
fied Arcto-Tertiary Geoflora which included
Abies, Acer, Arnelanchier, Mahonia, Picea,
Pinus, Populus, Pseud,otsuga, and. Sorbt¿s (Ax.
elrod 1944, Chaney 1944) .

As early as the middle Eocene (Brorvn 1934)
in the Southwest, where their evolution has

been traced through abundant fossil records.

there had been developing a series of vegeta.

tion types new to the Pacific slope. At that time

they probably grew on some of the lorvlands

while the Arcto-Tertiary Geoflora rvas still

dominant in the uplands. By Oligocene times

difierentiation of the generalizedflora into spe'

cialized types adapted to varying degrees of

aridity and temperature had reached the stage

where Axelrod (1958) distinguishes: (a) a

woodiand savanna comprised ol Arlrutus, Cel'
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r^r rh€ nìost Paït they appeared in the Pacific
'ru""i.thtu"rt in the Pliocene, and from the time

lltmir first appearance they have played an

i-norto,tt role in Pacific Northwest vegetation-

"T 
í,ir,oty. N4iddle Pliocene floras indicate that

ih, .liurot" thloughout western {Jnited States

ui t¡ot time was semiarid, and milder and

narnlel tharl at Present'
It ryas in l'esponse to these climatic changes

rhat this nerv flora evolved in northern Mexico

ald southrvestern United States from a warm-

tenlpelate flola that already existed there un-

tler hunrid conditions. The fact that the most

closely related descendants of the originai flora
are found toclay in the Sierra Madre Occidentai

of northrsestern Mexico or adjacent southwest-

ern Unitecl States has resulted in the applica-
tion to the whole flora of the name Madro-
Tertiary Geoflora. The details of its evolution
and nrigrations have been summ arized. by Ax-
elrod (1958) .

Axelrod lists almost 100 genera in which
fossils have been described from the Madro-
Tertiary Geoflora. The following selection lists
some o{ the more important members o{ this
group that are found today in northern Mexico
and southwestern United States. The genera
preceded by an asterisk extend northward to-
day into the Pacific Northwest.

Acacia
Adenostoma
Agaue

*Amelanchier
*Arbt¿tus

*Arctostøphylos
* Artemisia
* Bacclmris
Burserø
Caesalpiniø
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xCeanotltus
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*Cercocarous
*CÌ¿amøebatiaria
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Dend,romecon
Dodonaea

*Ephed,ra
*Euphorbiø

Eysenhardtia
Ficus

*Fraxinus
Fremontia

*Garrya
*Holod,iscus
*tuniperus
Karwinskia
Leucaena
Lysilomø

*Mahoniø

Mimosø
*Myrica
*Philad,elphus

Photinia
+Pinus

Pithecolobium
Platanus

*Populus

Prosopis
*Prunus
*Purshiø
*Quercus (live and scrub oaks)
Rand,ia

*Rhamnus
*Rhus
*Ribe.s

Søbal
Saluia

*Symphoricarpos
*Umbelluløria

Central California was dominated by a live
oak woodland during the middle Pliocene. As-
sociated with Quercu.s were such genera as Cel-
tis, Lyonothamnus, Platanus, Populus, Robi-
niø, Salix and Sapindus. Some parts of the re-
gion were given over to chaparral, as evidenced
by aggregations of Arctostaplrylos, Ceønothus,
Cercocarpus, Dendromecon, Fremontia, Mø-
honiø, Photinia, Quercus (scrub oak) and
Rhus. Bordering upiand areas were forested
with such genera as Alnus, Arbutus, Cornus,
Fraxinus, Populus and Prunus. It is estimated

t, EuPhorbia'

nd Zizl'Phus'
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that ihe central California middle Pliocene
rainfall varied from 15 to 17 inches over the
Iowlands to 23 inches in the forested uplands
(Axelrod 1948).

Southern California also was dominated by
woodland, not greatly difierent from that far-
ther north. Here, however? more arid condi-
tions are indicated by desert-border communi-
ties includin g B øc char is, C er cidium, C h'ilo p si s,

C ond,ølia, E phe d,r ø and P r u,nus (E mplecto cla'
dus), and an arid subtropical scrub with Do'
donaeø, Eysenhard,tia and Ficus. Rainfall must
have been from 12 to 15 inches on the lowlands,
distributed as summer showers and winter
rains.

The northern Great Basin by middle Plio-
cene was apparently largely grassland (Axei'
rod 1948, 1958), with Acer, Populus, Prunus
and Salix along the streams. The uplands were

probably forested, a situation similar to that
today in the Deschutes area with yellow pine
and fir on the slopes of the Cascades.

The central Great Basin, with a rainfall of
about 12 inches according to Axelrod (1948),
had semiarid woodland over what is now des'

ert, with luglans, Eclwinia, Purshiø, Rhus and
a live oak. Chaparral communities included
Arctostaphylos, C er cocarpus, Rhu,s, C eanothus,

M ahonia and P runus (Emplectoclad,us) .

Only in the stili more xeric southern inter'
montane areas did the flora include Pinus (the
pinyon pines) , Robinia and Acøcia; these ap-

parently never reached the Pacific Northwest.

The Madro-Tertiary Geoflora reached south-

western Oregon by early Pliocene, and un'
doubtedly reached its greatest development in
this area by the middle of the epoch, just as it
did in other areas throughout the west (Axel-
rod 1958). Its further development and spread
in the Pacifrc Northwest was arrested after the

middle Pliocene by the widespread climatic
change that initiated a return to the moister
and cooler conditions leading up to the glacia-
tions of the Pleistocene. Whether it was ever

entirely eliminated from the Rogue basin after
it once arrived there is problematical. Yellow
pine apparently was abundant in the upper'

HISTORv, UNII/ERSITY OF OREGO^| 
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Willamette vaitey il:p l:gtl ,Ì,p of the lasrglacial retreat, and if it persisted th"r.,i.,
lhe cold maximum it is e,'tirel;;äili}irj
other xeric species of the l\4adro-Tertiary 

Geo
flora persisted as far north as the Rog¡.îurin.

However, the greatest^importance for us of
the Madro-Tertiary Geoflora at that stage lies
in its continuing proximity to our region, 

to
whose flora it made signiflcant contr.ibutio¡u
in later times as climatic conditions allorved.

During late Pliocene times there began a
trend toward cooier temperaturer, *hi.[ .ui
minated in the ice ages of the Pleistocene. And
while the Cascades still acted as a barrier to
moisture from the Pacifrc Ocean, the loryer tem.
peratures and consequent lowel evaporation

rates may have resulted in a greater efJectite

precipitation than that which obtained in the

preceding middle Pliocene.
By late Pliocene a major secular change had

occurred in the climate on both sides of the

Cascades. The amount of summer rainfall pro.

portionate to the annual total had dlopped

sharply (Chaney, Condit and Axelrod i944).
This resulted in the elimination from our flora

of both the East American and East Asian Ele.

ments, species and genera which were depend-

ent upon wet summers {or their cor-rtinued ex'

istence.

PLEISTOCENE

By the beginning of the Pleistocene and be'

fore the advance of the glaciers the modern

pattern of vegetation in the Pacific Nolthrtest

must have been well established everl to spe'

cies, an association directly derived from the

West American Element of the Arcto'Cretace'

ous and Arcto-Tertiary Geofloras. This forest

covered the valJeys and coastal strip arrd con'

sisted of Pseud,o,tsuga, Tsuga, Larix, Thuia'

Alnus, Acer macroihyU"*i Cornt,s nuuallii

and Populu.s, with an'understory of C-or1'lus.'

Acer circinatum, Mahonio n"rråra, Philadel'

pltus, Rhamnus purshiana, Sambtr,cus glauco

and [/ acciniu.m paruiflorum.
A number of áisjunct distributions anrottg tht'

Boreal Forest spãcie., where their range ts
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broken at orlear the southern limit of the con-

ri"*,rt ice sheet, demonstrates the influence of

rhîglu.ittt' Figure 5 shows the maximum ex-

""i"t 
contiuerttal glaciation in our re¡çion

rilint tOaS¡. This maximum occurred late in

lir rrri"t of ice advances, in most places during

ih, lurt ol Wisconsin stage, and its southern

limit.onrtit,rtes a critical line from the stand-

point of the distribution of many northwest

sPecies'

Glaciologists have shown that during the ice

age thele lvas not just one advance of an ice

sñeet, l-,ut at least four, and that these advances
presunrably rvere separated by relatively warm
oeriodt. If rhis is so, we must assume that south
äf the glaciers the coid wet maxima alternated
rvith periods during which the boreal flora took
refuge in the non-glaciated areas in the high
mountains, the far north and in the south. Evi-
dence for these climatic fluctuations is found
in the complicated vegetational pattern in the
Pacific Nolthwest, demonstrated in modern
times by peculiar species and subspecies dis-
tributions and by the presence of islands of
boreal flora. Rand (1948) describes birds hav-
ing continuous distributions rvhich show bio-
logical discontinuity, and postulates temporary
barriers in the form of glacial ice whiãh per-
mitted the fixing of genetic entities.

We may assume that the pattern of vegeta-
tional adjustment to conditions 

"u.rr"J by
eithel advancing or retreating giaciers would
be much the same throughouithle whole pleis-
locene epoch since the temperatuïes of all the
interglacial periods were about the same (Flint
1957). U/ith increasing cold, mesic .i""i".
would be eliminated {rom higher elevatiåns of
ùis region, and from lowerllevations in the
vìcinity of the margin of the continental ice
sheet. They would be replaced by more boreal
types already oc".,pying the higLest mountain
toPs,or the lower.elevations to noithward. Judg_
tng by plesent distributions, the climate adjã-
eent to the ocean, at least as far south as ,ro.th-
ern C¿lifolnia, was cool enough to permit the
lnvasion of the coastal lowlanãs by this same
boreal flola.

We have used relict islands of boreal vegeta_
tio-n to show past distribution patterns of bor_
eal associations. Another typã of vegetation
which left its patrern in disjunct distributions
was more xeric in its requirements and invaded
the warmer and drier aleas as they appeared
in the wake of receding glaciers. ihese xeric
vegetation types, the Pine-oak Forest, Juniper_
sagebrush Woodland, Chaparral and Grass-
land, moved north from the Great Basin or
developed approximately in the areas they now
occupy (Axelrod 1950).

This evidence is particularìy striking in the
Pacific Northwest where there is great physio_
graphic and climatic variation. Eu"r, h"r",
however, the evidence of retreat and advance
is not clear-cut. As a result of subsequent ad-
vances and retreats the locus of an island might
or might not be repopulated with the same com-
bination of species as before. We have no way
of knowing which glacial adv¿nce or which in-
terglacial maximum brought elements of the
flora of a given present-day relict island into
place. And it is probable that the present islands
are not all of the same age. This increases the
difficulty of determining the chronology of suc-
cessive waves of floral migration, and seems to
be particularly true of our boreal flora.

That part of the continental ice sheet which
afiected the Pacific Northwest was centered in
the Canadian Rockies. At its maximum stage it
extended southward well into Washington and
northern Idaho (Fig. 5). East o{ the Cuscude
Range it reached its southern limit about where
the Columbia River forms the southern boun-
dary of Okanogan County in 'Washington. 

It
extended beyond the present site of Spokane,
and in Idaho extended south of Lakì pend
d'Oreille. West of the Cascades a lobe of the
same glacier covered the Puget Sound basin as
far south as the valley of the Chehalis River.
Apparently all of southern British Columbia
was ice-covered during the maximum glacial
advances.

Besides the lowlands and plateaus covered
by the main ice sheet, extensive areas of some
of the mountain ranges were covered by gla-
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Figure 5. Mctximum continetttal gLacicttion in th.e

Pacifr.c Northwest during the Pleísto-
cene epoch (øfter Flint 1945).

ciers which originated at high elevations and
moved downward in response to decreasing
temperatures. Such glaciers wele almost con-

tinuous in the Cascades as {ar south as the
Klamath Cap. Widespread glaciation occurred
in the Wallowas and the Olympic Mountaius
(Flint 1957).

Two relict islands are of major importance
in our subsec¡uent discussion of the former ex-
tent of the boreal flora. The most extensive in
area of these islands is the Columbia River
Gorge (Fig. 1). This local flola was discussecl
in some detail by the writer in a previor-rs pub-
lication (Detling l95B). The gorge has been
carved through the Cascade Range by the Co-

lumbia River, its cutting having kept pace with
the gradual rise of the range since its beginning.
In some place precipitous walls rise to a height
of 2500 feet"

The J-,oreal flola oI the Columl,i¡ (,t,,.,,,
curs at numerous places alo'¡, thc l;;;;,:l:"
rhe canyon at etevãtion' 'u'si,,;'ii;ì;i'ilì :''
1500 feet, mostly aiong the sorrtlr rvaìl i,, rl,, '

most constant shade oi the .t""p t,tuìi..'r'i"'
of the species thrive in the cool tìrlr,r-rl,,,,u',']1, 

.
about the numel'ous waterialls arrrl iu llr,. ,, ,,
row lateral canyons.^The nearest r'"tn,,,,t fi,,',
occuls ahove the 4000-foot ievel on llrt, rri,rii
facing slopes that rise toward l-arch \,lorrnt.,ir
and Mount Hood, but the two populatio¡. ,,,,
separated by at least 2500 vertical lt,r.r ,,,

Mesic Conifer Forest.
A second boreal island, less extensiyc irr ¡rr,.

but equally as signiflcant in its implicutiorr.. 
1.

on Saddle Mountain (Fig. 1). This fì,rll ,r1.,,

has been discussed in detail by thc rvr.itcr.irr ,

previous paper (Detling 1954), Locatr.rl irrrl,,
Coast Range of Clatsop County, 0rcgon. tLi.
peak rises to a height of 3250 {eet. l'}rr. .1r,.,

cliffs and interspersed hanging rrearlorç. rr,.,,,

its summit harbor about forty specics th¿rt lr,
distinctly boreal in tleir distribution. ùlrrrrr ,,i

them occul again no nearer than the Olvrrr¡,i

Mountains, the Columbia Gorge. oL ¿r[ ,rtlr,

stations in the Cascade Mountains oI \\i¡.hirr-
ton or Olegon.

The most ambitious project ¿rimecl ¿tt rl't,''
mining the succession of vegetation tr'¡rt'. ir

the Paciflc Northwest since the last glacill I'

treat has been the study o{ {ossil bog 1r,,ll',
calried ou for the last thirty years by llcrrir l'

Hansen. By 1947 Hanseu hacl ittvt'stig.rt'':

some sixty-sevetì llogs in this regiort ¿tttrl Ir'''

since added several more to the list. À'lost l"'-'
suitable {ol study occtlr' I{'est o{ thc (lit-,''r'i'

Mountains, br-tt a sufËciently sig,tiiflcant rrtttt

bel were found in eastern Washirrgtorl ¿¡¡¡11 or'

gon to furnish vah-rable clues to clinratir''hil:'
in that area as well. His work shorvs tltat rrr''

of oru: bogs were initiated at aboui thc lrt'':i'

ning of the last retreat of the coniinental it'r"

Pollen profiles from the glaciated It'¡i"

show that Pinus contortcl was"in a1l c¡'t'' ll

frrst arboreal invader of the newly lllìc()\r'r'

ground. The species is well adapteil to ""
temperatures and distulbed etlaphic rtttt'l

ti,'llt' ltttd
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South of the ice sheet P. contorta was present

in greater ol lesser abundance at the time of
,l^iiol ¡naximrtm. lt was especially abundant

Ïyest of the Cascades as at Lake Labish (Fig. 1)

and Silvelton bogs in the central 'Wiliamette

,alley, but in lesser degree was present east of
úe range as far south as the northern Great

Basin, rvhere it probably was limited to upland
situations from which its pollen was carried to

adjacent bogs'

Pollen of this species is usually most abun-
dant at the lowest levels of the bog profiles,
where it is clominant. It soon decreases upward
and is graclually replaced west of the Cascades
bv Pinus rnonticola, Picea sitchensis and pseu-

dotsugamenziesii, the last two of which eventu-
ally become dominant in certain areas. East of
the Cascades Pinus contortu was replaced by p.
monticola, Abies spp., or over much of the area,
finally by Pinus pond,erosa.

Heusser (1960) interprets the pollen record
in the Pacific Northwest in general as follows:

The maximum advance of the last Wisconsin
glaciation, which occurred about 15,000 years
ago, was followed by a cool moist periód of
about 10,000 years duration. This wa. the p"r_
iod of dominance of the more boreai forest spe_
cies such as Pinus contorta, p. monticola and
lôies spp. The period from 18,000 to 11,000
years ago rvas one of increasing warming and
drying, represented in the u"g"åtion byu-r, 

"*_pansion of the more mesic sp"cies, uir., pr"u-

loltr& 
o,^y,"zie s s i, p i c ea s it ihen sis ancJ T s ug a

heter-ophylla west of the Cascades, and pinus
Pond.erosa to the east. The next porrgla"iut p"-

i.i:1,:-,:i9"¿.from 1t,000 to +ooo;;";, ;s".
:i';,:,9 this- time average remperatures weresrrgntly higher and average prècipitation less

ïT,:, presenr. Vegetatioi *ä, -årt "i by the

Ï::'lt:y":f Quercus sarryarllr in the uuil"y,nestol the Cascades, and a maximum of grass_

;' lontposites and chenopods in the -å-Co_turnbia and Great Basin aleas. piceø sitchensisaÞparently 
was dominant along the coast. Theperiod from 4000 years ago to the present has

been one of cooler and moister climate marked
by an increase in pseud,otsugø menzie.çlj and
Pinus ponderosa at the 

"rp"n." of Quercus
garryana. and the grasses? composites and chen-
opods.

By ltilizing the results of pollen research
and what we know of present ìelict floras we
can piece together with fair accuracy the gener_
al story of Pacific Northwest vegeiation since
the early Postgiacial

At the glacial maximum a boreal forest dom_
inated by Pinus contorta and p. monticola ex-
tended along the ice front from the Washing_
ton coast to the Rocky Mountains of northeÃ
Idaho (Heusser 1960). It was probably similar
to the present Boreal Forest occurring-at eleva_
tions of 4000 to 6000 feet in the Cascade Range
of Oregon and at lower elevations northward.

This forest extended southward along the
coast as far as northwestern Californiu (Hurr_
sen 1947), although at its southern limits it
probably was infiltrated by austral genera and
species. It occupied the western Washington
and Oregon valleys as far as the Calapooya
Mountains between the Willamette and 

^U-"0_

qua drainages. A relict flora in abog22 milàs
west of Eugene today contains Led,im gland,u_
losum columbianum, the coastal counteipart of
the mortane L. glandulosum glandulosim, Ra-
nun-culus reptans strigulosus, H ypericum ana_
galloirles and Drosera rotund,ifoiia, all boreal
species or_subspecies. In the same bog Hansen
found pollen oL Pinus contorta arrd Þ. monti-
colø, the former of which wås present almost
to recent times. An abundance of pinus pon_
derosa pollen in the lower half of the profile
confirms our belief that the southern end of the
WillamCIte valley was near the margin of the
Boreal Forest so far as the interior b-asins are
concerned. Picea sitchensis was present at other
points in the central Willamettã valley during
this time, at Onion Flats and take lablsh
(Hansen 1947). Betula gland,ulosø was col_
lected at Lake Labish by Thomas Howell in
1893, and Píceo, sitchensís is now growing on
the Nisqually River in the Cascades"of western
Washington.
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The disjunct occurrence of a number of hor-

eal species, mostly on mountain tops through-

out the range, indicates that the Boreal Forest

covered the Coast Range southward through
most of Oregon. The following representative

species occur as members of typical boreal

associations at several points. The letters in
parentheses following the species names indi-
ãate the localities (Fig. 1) (S:Saddle Moun-

tain, Clatsop County; H-Mt. Hebo, Tillamook
County; M:Marys Peak, Benton'Lincoln
Counties; R:Roman Nose, Douglas County;
f:high Coast Mountains, Tillamook County).

Abies procera (S-M)
Acer gløbrum doublasit (S-M)
Cornus canad'ensis (H)
Crypto grant'ma acrosticå,oldes ( S-R )
Heuchera glabra (M)
Lomatium rnartintlalei &ugustatum (M)
Lupinus lepid,us lyallü (M'R)
P enstemon daaidsonii menziesü ( S'H)
Phleum alpinum (S-M)
Polystichum munitum imbricans (R)
Pyrola secunda (T)
Rubus lasiococcus (H)
Rubus peilatus (S-T)
Senecio tríagularis (H-M)
l/ ac cinium membranaceum (M)
[/accinium oualif olíum (H)

Climatic conditions in the Cascades were se-

vere enough to push the boreal forest to valley
level in the Columbia Gorge area. About fif-
teen per cent of the species listed by the writer
(Detling 1958) as occurring in the Columbia
Gorge are constituents of the boreal flora being
considered here. Following are a few of the
more striking representatives of the group.
Species preceded by an asterisk occur also on

Saddle Mountain.
* Acer glabrum ilouglasü
xAlnus sinuata
Antennaria racemosa

* C amp anula r otundif olia
Cornus cønaderusis

* C r y pto gr amnla acr o stich'o ide s

D o d,ecatheon d,entatum

HISTORY, ANITERSITY OF OREGON

H ab ernar ia unalas chensi s

Haplopappus høIIü

Lewisia columbiana
L o matíum tnartínda,Iei tnartindalei
Mitella trifi,d,a

*Penstemon netnorosus
Penstemon rupicolø

*Phlox diff usa longistylis
* P oly p o dium aul g ar e co lumb ianum
+ S axif r ag a br onchialis a e s p er tina
*Saxifragø caespitosa
*Saxilragø ruf.d,ula
Suksdorfi.a aiolacea
V ac cin ium memb r anaceum

All of these species occur in other boreal situa.

tions more or less distant from the Colunrbia

Gorge.
Two other members of the Columbia Gorge

boreal flora, Boland,ra oreganø and Sulliuanio
oregúna, otherwise endemic in the area, are ol
interest here because they have been collectd
also at E1k Rock, a sheer northeast-facing blufi

on the Willamette River at Oswego, about twen.

ty miles from the west portal of the gorge. Ther

furnish additional evidence that the golge bor.

eal flora formerly extended out over the Wil.

lamette valley floor at least as fal as Osrvego.

To summarize for this early Postglacial tirne

we may assume for southwestern Washington

and the Willamette valley, as well as for the

valleys and ridges of the Coast Range and for

the Columbia Gorge, a forest dominated lrr

Pinus contorta and P. monticolø, and in some

areas by Abies procera and. Picea sitchensis'

with an understory composed o1 Acer gliltrun
tlouglasii, í/ accinium *"*broroceu,nt, V ' ouol'

if ollum, V . scopørium, RhodorlencJrotr albiflor'

um and Clad'oihamnus pyrolaeflorzrs. Formin¡

the ground 
"ou"r. 

u-ot g the shrulls rçet'e the

,norã o, less woody traiÏing Rubtts ruiual.is' R'

pedatus, R. Iasiococcus and Corntts canodensts'

as welt as Pyrolø secund'ø and patches ol Xuo'

phyllum teiax. On steep slopes'ancl rocky ledg'

es grew several tpJ; álÞ""t**on' (dauid'

s oiä, f r utic o,u r, 
-, 

oä ànii), L o matiunt' m arún'.

dalei,'Sa,xit'ragø f erruginea and other spectc

oI Saxifrago, Mon'¡ii- por-r¡otio flagellaris'

19&

f oleriana sitc

ud the lern.s

bricans alrd

úhere conclit

arY length ol

rere donlill¿ttt

¡¿¡a ancl Phll

rmong the sei

hpidus lYulll

siondiforu""
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iïii[ïîï:iiîi::MzÍx:!;':|m
tli"''i .*,lt;.,.'J ?uuî'"d the persistence ror

ll.Ì:*ll;':,i'ä; ;:, ::ö Ïåä,Ï ;"'!:::
,ir"",t¿ Pltleuut' alpinum; but interspersed

U:;'l'\:"',îi:T,iî:r"i;:::,*;:",,:o:::::;'i[o,nrl¡ftoi,rr, 
S enecio triangularis and Anem-

i,n* tiottii. Srvatnpy places were occupied by

.'urioi,t s¡recies of Salix, Led'um glan'dulosum

ølurrlrianure, aud such small herbaceous spe-

.i,,5 o, Drosera rotundif oliø, Hypericurn ana-

galliloitles, Trientalis ørctica and Ranuncu-

lus rePt an s st r t gu I o su s'

This is the assembiage of species which to-

dal'occupies the slopes of the Cascade Range

þtu'een the elevations of approximately 4500
and 5500 feet, and at lower elevations is essen-

rially the forest of north central British Colum-
bia.

The littoral belt of the Boreai Forest rnay
have dif{erecl to some degree from that in the
Coast Range and the leeward valleys. Its cli-
nrate rvas ccltainly tempered by its proximity
lo the ocean . Picea sitchensis was dominant
from tlre glacial maximum and Pinus contort{r
$as present in considerable quantity as they
üre nory. The coastal bog plants today are the
sanle orìes lvhich were present in the Willam-
ette valley cluring the period we are consider-
ing and rvele undoubtedly common along
the coast at that time. Except lor LerJum
we have no direct evidence thatihe shrubs iist-
ed above^as folnring the understory of the val-
let'and Coast Range forest were present in the
coast stlip for.est. However, several o{ the her_
lrilceous species of the foregoing list were pres-

I'11 
i'Ì,n, least_some parts ãf th1 coastal strip,

e^.9.., Xer.op-hyllum rcnax, Saxilraga spp., Vøt-
e¡t,a.na sitchensis and Montia p"rõ4oità flaget-l0r¡.s.

distribution of a number of typical boreal spe-
cies ordinarily occurring today either in the
Cascades or the Blue-Rocky massif, or fre-
quently in both, as evidence of such an occupa-
tion. They are also found on one or moïe of the
higher mountains of the northern Great Basin,
the widely dispersed peaks of the Steens, Hart,
Warner, Pueblo and Mahogany Mountains,
Gearhart Butte, Drake's Peak and Abert Rini,
all separated by many miles of arid plateau in
southeastern Oregon. Occurring at elevations
of 6000-9000 feet on these peaks we find:

Agoserís aurantiaca
Ar cto staphy Io s neaadensis
Cahha leptosepøIa
C r y pto gr amma øcr o s ticho id, e s

Epilobium alpinum
H ab enaria dilatatu. leuco stachy s
Hulsea nana
Kølmia polif olia microphylla
Lupinus lepídus lyalli
Mitella pentand,ra
Oxyria d,igynø
Penstemon claaidsonii
Phleum alpinum
P hyllo do ce empetr if or mis
Pinus albicaulis
Polemonium elegøns
P oly gonum bistortoides
Populus tremuloid,es
Salix barclayi
Sibbaldia procumbens
Sorbus scopulina
T her mop sis morutøna montana
I/eratrum uiride

This distribution pattern gives evidence of a
former more or less continuous range of the
Boreal Forest at plateau level at least as {ar
south as southeastern Oregon.

The bog pollen proflles {rom eastern Wash-
ington and Oregon and northern Idaho show
that while Pinus contorto, was the dominant ar-
boreal species, P. monticolø and P. pond,erosa
were signifrcantly present from the beginning
within a short distance of the face of the ice.
The same is true of the grasses, composites and

.,Tlte Bor.eal Forest may have
Plateau south o{ the continental
ol the Cas,,ade Ranse at leasl
northeln Gr.eat Basii if we can

occupied the
ice sheet east
as {ar as the
interpret the
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chenopods. These more xeric species and gen-
era were the ones which replaced Pinus con-
tortú as the glaciers retreated, and not Pseudo-
tsuga or T suga as was the case west of the Cas-
cades.

As the Boreal Forest retreated northward
and to higher elevations, it was succeeeded first
by the Nlesic Coni{er Forest, and this in turn
by a series of xeric austral vegetation types
which included the Pine-oak Forest, and the
woodian and chaparral types.

We have already noted the origin of these
communities as a part of the Madro-Tertiary
Geoflora early in the Tertiary and their culmi-
nation during the middle Pliocene. Although
some elements of this flora probably persisted
in the Rogue basin through the cooler and
moister period of the Pleistocene, as shown by
the abundance of yellow pine at the beginning
of the glacial retreat (Hansen 7947), it is
doubtful that the more extremely xeric ele-
ments such as the chaparral and pure oak wood-
land would have withstood the conditions north
of the Klamath highlands during that period.
However, they were present throughout this
time in northern and central California (Axel-
rod 1958).

Evidences of the northward advance of the
more extremely xeric types following the re-
treat of the continental glaciers, however, are
to be found not only in the fossil pollen record
but also, at least west of the Cascades, in a
number of relict islands of this xeric vegetation.

During the last few years the writer has made
detailed studies of the distribution, floral con-
stitution and ecological relations of some of
these relicts (Detling 1953, 1954). The is-
lands that have been studied occupy special
habitats consisting of exposed mountain tops
or ridges, with shallow soil in which the more
deeply-rooted trees or shrubs have probably
never gained a foothold and thus have not en-
tered into serious competition with the low-
growing xeric species. They occur at elevations
of from 2000 to 6000 feet, mostly along the
west slopes of the Cascades or rising from the
floor of the Puget trough. The only one seen and
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studied in lhe Coast Range is ou lVlaru"
in Benton-Lincoln Counties^ or"-^.,';lal
srudied by rhe *'i,*ï"," ir,ïïä,il"Ih*
though oih"r. occuï as 1uf.-,,i1,n"'j¡ott' al'

souù. In mosr 
"ur"-. 

,ï" Ë;:ä:':i"illå-åbelow by the Mesic Conifet Fo.".r, , ì
the hishår ones are t o""a"a ny;üil å;iiJí
Forest.

The most striking of the islands frorn the
standpoint of numbers, of xeric species sup.
ported are those on B_ohemia-Fair.vierv Mou'n.
tain, Rebel Peak and Horsepastule Mountain.
ali in eastern Lane County. Others of signiñ.
cant importance are on Spencer Butte anã the
Coburg Hills, both near Eugene.

In one of the studies the writel analyzed the
distribution patterns of the species associaled
speciflcally with chaparral, while in the othe¡
he was concerned with the relict distribution of
Rogue basin xeric species in general. In the
present discussion of the post-Pleistocene mi.
grations of Madro-Tertiary eìements in our
flora, no advantage would be gained by disting.
uishing among the various associations of the

xeric flora. Many chaparral associates occur

also in the oak and pine woodlands of south.

western Oregon, and while chaparral is a dis.

tinct vegetation type, it responds to climatic

changes in the same way as do the other types

comprising the xeric flora.
As the writer pointed out in the earlier paper

on xeric islands, the most signiflcant feature of

a vegetation area is not its boundaries but raù'

er its environmental center, the point alnut

which its environmental (in this case climaticl

extremes are concentrated, which point frrnc'

tions as a center of influence fol the u'hole are¡'

In most casesT and certainly in the Pacific

Northwest, the positions of the euvit'oltnlenlal

centers are deteimined by the topography of the

region. Since our topography has ttot been ap'

prãciably altered ri"." th" cior" of the Pleisto'

cene we may reasonably assume that the cenler'

of climatic extremes, and thelefore of vegetir'

tion areas, huu" ul.o t=-"i""¿ urlchanged'

What changes is the intensity of influence of lh''

combined ãlimatic extïemes at the etrvironnleil'

bl ce¡lter'

ræt tYere I

r¡rnlh anr

rnd dr)'ex
and the Dr
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sivell' arvaY
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ul center'. I{ the climate of the Pacific North'

irri"rt" to undergo a trend toward increased

*rrtrh ancl dryness the influence of the warm

,rá ¿ry extlernes in such areås as the Rogue

,rJ ,nå De-schutes would be intensified, and

ir, florot of those areas would spread progres-

lu"lu u*oy flom the centers at the expense of
,t, flotot of areas such as the South Cascade

¡nd Siskiyou rvhich have had a cool-humid

conlbi¡latiolt of extremes. In the case of the

Rogue Alea, the xeric yellow pine-oak type un-

deisuch conditions wouid migrate northward

ancl to highel elevations around the Rogue

lnsin, follorved by the more xeric chaparral
and finally, if the climatic trend continued, by
grassland tYPes.

It is difficult or impossible to trace through
the xeric islands the former distribution of the
shrubby species so characteristic of the chapar-
ral. Their absence from the xeric sites probably
is due largely to the shallowness of the soil, al-
though other limiting factors may also play a
part. rRåzrs diuersiloba. while abundant in the
chaparral, is so widespread in the Pine-oak
Forest rvest of the Cascades and even in the
drier phases of the Mesic Coni{er Forest, that
its value in determining the former range of its
chaparral associates is negligible. Relici stands
olCeanotltu,s curleatus occur in the deeper soils
of the Puget Area as far north as the Cãlumbia
River', especially on well drained sites such as
those urrderlain by old gravel bars. Garrya
lrenrcntii, a common chaparral species in the
Rogue Area, occurs occasionallyïs far north
in the Puget Area as the McKenzie River, and
again in tlre Columbia Gorge. Chrysothamruus
no¿seos¿¿s albicaulis, less typical as a chapar_
ral species but still a member of the associa_
liott, occurs in several o{ the puget 

"eri" ir-lands. These four are the only 
"hupîrrul 

.hr.rb.
mo$n to the writer to extend noithward {rom
l. fr:g,,_" basin. All other chaparral associates
¡outld relict north of this area are herbaceous.

, While a considerable number of Madro-
¡erttary genera are found on both sides of the
:u,roq: axis, the number of species that aregenerally distributed at preseni both east and

west of the range is not large. More numerous
are those species which have a fairly wide dis-
tribution, but on one side only of the Cascades.
Examples o{ such species west of the moun_
tains are Quercus garryúna, Arbutus menziesii,
C o r y lus c o rnuta, P hac elia he te r o phy lla, C ean' _
othus sønguineus, Erysimum 

"åpitotrr* und
Godetia amoenú. Widespread east o{ the moun_
tains are Purshia trid,entata, Artemisiø triden-
tata, C er co car pus led,if olius, C eanothus ueluti_
nus, Descurainiø pínno,ta and Lupinus laxi-
florus.

Another group of xeric species, however, is
much more closely restricted to one or some-
times two areas today, and we find no evidence
of their ever having spread beyond the confines
o{their present limits. Such are: Quercus chry_
sslepis, Arctostaphylos uiscida, A. canescens,
E r io dicty' on cølif or nicurn, C hlo r o g alum p o m-
eridianurn and Fritillaria recuraã, restricted
to the Rogue Area and California west of the
Sierra Nevada; Asclepias cordifolía, Cerco-
c-arpus b etuloitle s, C on u oluulus poly mor phus,
L o matium calil o rnic um, M a,honia' pip 

"ì 
iønai,,

Micropus californicus and Rhus triiobatct, oc_
curring typically in the Rogue Area but ex_
tending at least into the Klamath basin portion
of the Washoe Area (Fig. 3).

Between these extremes of wide difiusion
and restricted distribution is a large group of
species which are much more pertinent to our
study because of their present-day distribution
and their occurrence in the relict islands of
xeric species. The distributions of most of these
involve the Rogue Area, and when they do they
usually continue southward through th" *ur-
canyons of the Klamath Mountains and the
foothills of the interior valleys of central Cali-
fornia. Many of them are chaparral associates,
either typically or more or less incidentally.

The simpiest distribution pattern o{ this
group, and a very common one, consists of the
Rogue Area with outlying stations in the xeric
islands or other isolated xeric sites of the puget
Area. Examples of this pattern are seen in
C e ano thus cune atu s, E rig er on f o lio s us c on finis,
Hieracium cynoglossoides ruudica¿¿ljs and Sj-
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dalceø asprella. A relatively small number of
species with this basic distribution occurs also
in the Klamath basin, but apparently no far-
ther north east of the Cascades. Castillejø pru-
inosa, and[/iola shehonü are examples.

A signifrcant variation of this pattern is one
in which typicai Rogue species appear in the
xeric isiands (rarely more extensively) of the
Puget Area and also in that portion of the Co-
lumbia Area contiguous with the east end of
the Columbia Gorge. A few of these Rogue spe-
cies may occur in the Klamath basin but are
not found farther north on the east side of the
Cascades. This distributional variant is repre-
sented by such species as Eriogonum composi-
tum pilicaule, Sisyrinchium douglasii, Quer-
cus gerryana, Dentaria tenella pulcherrima,
Lupinus bicolor, L. m,icranthus, Tonella tenel-
lø, Linanthus bolanderi, Orthocarpus attenu-
atus, Pectocarya pusillø and Plagíobothrys no-
thofuluus. One of the most interesting o{ these
examples is afiorded by Eriogonum composi-
tum. The typical variety of this species (no-
menclatorially), with glabrous scapes and pe-
duncles, occurs commonly east of the Cascades
except in the Columbia Area (Fig. 3). The var-
iety pilicaule, characterized by pubescent
scapes and peduncles, replaces this in the
Rogue and Siskiyou Areas and in the Columbia
Area at the head of the Columbia Gorge, and is
the form which is always found on the xeric
islands of the Puget Area where it occurs with
considerable frequency.

A lesser number of xeric island species are
typical of arid vegetation areas east of the Cas-
cades, namely one or more of the Washoe, I)es-
chutes or Columbia Areas (Fig. 3). They may
or may not occur also in the Rogue Area. They
include snch species as Chrysothanlnr.Ls natrseo-
sus albicaulis, Phacelia linearis, Artemisia tri-
dentata, Gila ag gr e gata, C ollo mia linear is, P en-

stemon deustus, Lupinus lepidus meclius, Aren-
ariø formosø, Bromus polyaruthus, Arnicø pur-
ryi and Sønicula graaeolens. The most interest-
ing refugium of this group of species is prob-
ably the rather extensive colony ol Artemisiq
trid,entata which occurs on Rebel Peak in east-
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ern Lane County at an altitude of 5BB4 {..
sociated with atout twentv otl;;.1.ïlttet,8s
normally found t"-,,|".J"*rl" ;."';'.:lffi:
Areas, or both. This 
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otsagebrush so far reported f.on, u,.ri'of thCascade crest"
From the evidence" oÍ the. relict d istr.i butioru

summarized in the
c a n i nre r,r' 
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Paciflc Northwest with the retuln of the rvarmer
and drier climare {ollowing the retreat of tþ
continental glaciers.

The migration w¿s. mereiy the resumption
and continuation of the 

^northwa.d ,p.ead ol
the Madro-Tertiary Geoflora that rvai tempo
r_arily interrupted by the cold-humid period of
the late Pliocene and Pleistocene. ln tliis region
it involved any species that might have su¡.
vived in the Rogue basin during the generally
changed conditions, and those species that had
leached and remained in northern and centr¡l
California and the central areas of the Great
Basin.

The high elevation of the Sierra.Cascade
axis prevented any general east-ryest inter.
change of the flora until late in the xer.othermic

trend. Exceptions may have been the Klamath
River Gap between the Central Valley of Cali.

fornia and the Klamath basin, the Columl¡ia
Gorge, and most probably the Fraser Rirer
Gap in southern British Columbia.

West of the Cascades the first i\{adro-Ter.

tiary species to migrate northward with the ad.

vent of warmer and drier conditions lvel'e un'

doubtedly the pine-oak associates that had per'

sisted in the Rogue basin. With incleasing

warmth and aridity the low cross ranges such as

the Wolf Creek and Calapooytr Mountains lr'
came less efiective as barriers, and the xeric

flora moved north and attained donrinance

through the Puget trough as {ar as Vaucouver

Island and the lowlanãs of mainland south'

western British Columbia.
The continuing xerothermic trend blought

new genera anJ species over the Klanlath

Mouniains from noìthern California, and the

chaparral type became established in the
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p^orre basiu. This moved northward at lower

åìriu,irttt as the earlier migrants into the Puget

oãugl, r"u"¿ lo higher elevations in the Cas'

cades alld the Loast ñange'

Xeric species occupied extensive warm open

,lop6 uttd rid-ges in the Cascades to an eleva'

,Jn "i 
OOOO feet, and at this stage must have

irixed rvith an- ascending xeric flora from the

".est 
slopes of the range to form such communi-

iiæ as that on Rebel Peak. Boreal conditions in
the strip along the Cascade summit were least

effective as a barrier at this stage.

Meanwhile the xeric flora that had reached

the lower Willamette valley, made up of Quer-
cus garryana and its associates, was migrating

eastryard through the Columbie Gorge, and hav-

ing reached the upper end, spread out over the
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belt, and from others in the transverse ranges
and areas where chaparrai relicts occur todãy,
as well as from Klamath Falls and The Dailes,
the writer has postulated that for the more
xeric phases of the Madro-Tertiary Flora to
cross the ecologic barriers interposed by the
higher ridges of the Siskiyou Mãuntains and
the transverse ranges to the north it wouid re-
quire that the mean annual rainfall west of the
Cascades be decreased by about 230 mm below
that prevailing at present with not more than
twenty-seven per cent occurring during the six
driest months of the year. At the same time a
general increase in the July mean maximum
temperatures of 5.0' C over that of today would
be required. An increase of only 1.0' C in the
January mean minimum temperatures would
have favored the invasion of the Klamath basin
and the Columbia Area above the Columbia
Gorge by chaparral of its present associates
(Detling 1961).

The general aridity just cited as paû o{ the
requirement for the elimination of the ecologic
barriers to the northward progress of chaparial
undoubtediy decreased rainfall in the broader
valleys to a figure below the 250 mm which
Cooper (1922) found to be the minimum re-
quired by chaparral in California. As a conse-
quence, during the xerothermic maximum
chaparral probabiy was replaced by grassland
irr the lowlands of the Rogue, IJmpqua and
Willamette valleys and in the area about The
Dalles.

As pointed out earlier, bog pollen profiles
indicate that the xerothermic trend was initi-
ated about 13,000 years ago (Heusser 1960),
at which time the postglacial northward migra-
tion of the Rogue River Madro-Tertiary Geo-
flora got well under way. By the same source
of evidence the xerothermic maximum was
reached about 6000 yeals ago, the time at
which the xeric vegetation reached its greatest
northward advance and greatest altitudinai dis-
tribution, and had spread into the area east of
the Columbia Gorge and into the Klamath
basin. Much of the floor of the basins west of
the Cascades was probably covered by grass-

warm valleys of the Deschutes, John Day and
Yakima Rivers and such moderate upiands as

the Simcoe Mountains. Later migrations
through the Columbia Gorge included some of
the herbaceor-rs typical chaparral associates.

0n the east slope of the Coast Range, border-
ing the Willamette vailey, the early migrants
of the xeric flora ascended at their maximum to
an elevation o{ 4000 feet. On a few of the higher
peaks they mingled with but failed to sup-
plant a relief boreal flora persisting from tÈe
glacial maximum. This presumably explains
lhe occurrence today on Marys peat å{ tne
xeric Alliurn crenulatum, Eriogonum umbella_
t¿¡n and Silene douglasü alongside the boreal
A.b,ie s p r o c e r a, E r y th r o nium g I and, i fl o r um p al -
t,td u.m, L o nt at iu m øn g u s t atum fl au um, L up inu s
lepidus lyallii, Phleum alpinum and påtygo_
nun bistortoides, and on Sáddle Motntain', AI_
ltum crenulatum, Festuca howellii, F. paci,ficø,
t,oa se.cunda, Senecio t'astígiatus unã Sit"r"
douglasü associated wiitr srictr boreal species
as Abies procera, Acer glabrum d,ougløsii, An-
e,mone. glo bo sa. C lad,otharnnus p y, olo"flo, ur,
\wisia_ columbianø rupicolø, Ri¿U""n¡o or-

iY::r:li', Søxifragø ùronchiølis uespertina
?ttd^l/ a c ci t t iu m s co p ar i um

,,,11 lh" l,asis of precipitation and tempera-
¡ure data selected from recording stations in the
onasta Rivel valley and Rogue b'asin chaparral
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land, and near-desert conditions may have ob-

tained along the Columbia River from near the
head of the gorge eastward to its confluence

with the Snake River.
The trend toward a cooler and more humid

climate since the xerothermic maximum has

witnessed the reversal of the vegetational mi-
grations. The increasingly more mesic types,

pine and pine-oak woodlands and Mesic Coni-
fer Forest, moving southward in the basins and

downward from the mountains replaced the

grassiand and chaparral. Only in especially
favorable sites have a few of the xeric species

persisted, and some of these colonies may have

been reduced to actual o'islands" only within
the iast one or two thousand years.

East of the Cascades the postglacial migra'
tions of the Great Basin flora followed the same

general pattern as that of the Rogue. While we

have nothing from xeric refugia upon which
to base this statement, Hansen's pollen studies

on bogs east of the mountains bear out such a

conclusion. We have already pointed out in this
connection that at the end of the Pleistocene the

Boreal Forest occupied at least the uplands as

far south as the northern Great Basin, with yel-
iow pine occupying the lower slopes and grasses

and chenopods on the plateau. We may recall
also that Axelrod has shown that by middle
Pliocene, when the Madro-Tertiary Geoflora
reached its farthest north pre'Pleistocene ex-

tension, the northern Great Basin was occupied
largely by grassland and by arboreal genera

of northern rather than southern origin.

Judging then by these sources of evidence

it seems extremely likely that a major north-

ward migration of Great Basin Madro-Tertiary
Geoflora was initiated at the end of the Pleisto-
cene and kept pace with the advance of the

Californian species of the same flora from the

Rogue basin.

Yellow pine woodland as a phase of the

more southern and western Pine-oak Forest ex'
tends at present as far north as Kamloops Lake
in central British Columbia, and is well repre-

sented along the Thompson River between Lyt-
ton and Kamloops, and in adjacent valleys
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per-sagebrush Woodland, to the routh. Thqo
are the species that moved,nolth with th.iur,
thermic trend, reaching the southern m¡lg¡o
of the Fraser Plateau by the tirne of its mari.
mum. Included in the association are:

A melanchier alnil oliø cusicltü

Artemisia tridentata
Astrügalus beckwithii
Astrøgalus purshii
A str agalus stenophy llus
B als arn orhiz ú car ey ancl

B als amorhiza sagittatø
C astillei a thont p sonii
Chaenactis d,ougløsü

Chry sopsis uillosa hispida
C hr y s othømnus nau s eo su s albicauli s

C hr y s othørnnus ui s cid,iflo r u s

Cirsium undu,latum
Clematis ligusticif olia
Delphinium bicolor
D e s c ur ainia pinnat ø f'lip e s

Erigeron lilif olius
Erigeron pu,milus
Erigeron speciosus
E rio gonum her acleoides
Eriogonum niaeum
F ragaria uesca bracteata
Gaillardia aristata
Ciliø aggregata
Heuchera cylindricø
luniperus scopulorum
Lithospermum ruderale
Lo matium dis s ectum multifid u,m

Mahonia repens
M entzelia laeuicøulis paraiflor a

Opuntia fragilis
Orobanche fasciculata
P hac elia hu,st at a leuco Ph'Y lla
Phøcelia linearis
P r unu s uir giniørta melano c ar P a

Purshia tridentata'
Rhus rad,icans
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As the clinrate became warmer and drier in

rhe rrak" of the_ receding continental ice, the

ilrrrl Fot"tt flora retreated northward and

if"rra in the mountain ranges' This move'

ntent wat mole clear'cut in areas removed

lior o."unic influence. Along the narrow

coastal strip it was modifred to the extent that

while there is evidence that many boreal spe-

cies did nove northward, at the same time

many persisted at sea level. In the Coast Range

south of the Olympic Mountains the mild cli-
mate of the low, more inland mountains re-

sulted i¡r the elimination of the boreal flora
except in a few restricted localities such as the

summits of Saddle Mountain, Mount Hebo
and Marys Peak (Fig. f ) .

The final result of the migration was the
establishment of a broad zone of boreal flora
extending northward from central British Co-
lunlbia and leaching from the coast to the
Rocky Mountains, with three flngerlike exten-
sions of the same flora extending southward
down the coastal strip, the Cascades and the
Blue-Rocky Mountain massifs (Fig. 4).

It is not known to what extent the British
Columbia Jroreal zone was repopulated by the
flora that moved north from below the ice limit,
and to what extent from refugia that may have
existed rvithin the glaciated region. Various
attthors have pointed out that ice-free areas did
exist during the Wisconsin phase of the ice age
in the Canadian Rockies as well as in northern
British Columbia and theyukon (Hultén IgJ7,
Hansen Ig47, tgSO, I}SB, lg55). Be rhar as
It may, it is certain that ail vegetation was elim-
¡nated. flom a broad strip for many miles be-
n¡nd the ice front, exteniing from the puget
)ourtd area to the Rocki". urã beyond, and tliat
llfl,r,.jp rvas appalently repopuiateâ largely
oy the boleal species that ocãupied the teriain

BACKCROA N D NORTHVEST FLORA

contiguous to the ice front at the lieginning of
its recession.

Iíith the amelioration of the climate many
of the species have persisted in more than one
of the southerly extensions of the boreal flora
in Canada (Fig.  ). The following lisr is repre-
sentative of this group of species. The occur-
rence of each species in the various fingers
south of glaciation is shown by the symbols C
(coastal strip), Cas (Cascade Range), B (Blue
Mountains) and R (Rocky Mountains). An
asterisk following a symbol indicates that the
species occurs only a very short distance south
of the limit of glaciation.

Abies amabilis C-Cas
Abies lasiocarpa Cas-B-R
Acer glabrum douglasii Cas-B-R
Ago seris aurantiaca Cas-B-R
Alnus sinuata C-Cas-B-R
Anemone o ccidentalis C-Cas-B-R
Antennør ia r acen Lo s a C_Cas_B_R
Arctostaphylos uaa-ur si C-Cas-B-R
Arnica løtiloliø Cas_-B-R
Betula glandulosa Cas-B-R
Betula papyrif era occidentalis Cas*-R*
C altha leptosepala Cas-B-R
C ar d,amine b ellidif olia Cas-R
C as siope mertensiana Cas-R*
Cornus canad,ensis C-Cas-R
Crepis nana Cas-B-R
C rypto gramma acro stichoides C-Cas-R
Empetrum nigrum C.-Cas*
Epilobium alpinum Cas-B-R
E pilobium latif olium C-Cas-B-R
Eriophorum chamissoni.s C-Rx
Eriophorum gracile Cas-B-R
E r ythronium gr andiflo rum C-Cas-B-R

chrysandrum R
gr an d,ifloru¡n. Cas-B-R
pallid,um C-Cas-B-R

G auhheriu, humif us a C-Cas-B-R
Gauhheria oaatif olia Cas-B-R
H ab enaria dilatata C--Cas-B-R
Heuchera gløbra C-Cas
Hieraciutn gracile Cas-B-R

d,ensifloccum B-R
detonsum Cas
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I unip er us co mtnunis nlontana C-Cas-
B-R

Kahnia polif olia C-Cas-B-R
microphyllø Cas-B-R
polilolia C-Cas

Ledurn glønd,ulosu¡n C-Cas-B-R
columbianurn C

glandulosu¡n Cas-B-R
Led,utn palustr e groenlanrlicum C-R*
L eptar rhena py r oløellorø C-Cas-R*
Lonicera inu olucr ata C-Cas-B-R

inaolucratø C-Cas-B-R
lerlebourü C-Cas-B-R

[,uetkea pectinata Cas-B-R
Maianthemum d,ilataturn C-Cas-R*
Mitella breweri C--Cas-R*
II itellø pentønd,r ø C-Cas-B-R
M itella trifid,a C-Cas--B-R
Myrica gøle C

O xyria d,igynø C-Cas-B-R
P enstemon d,aaid,sonü C-Cas

dauid,sonü Cas
menziesü C-Cas

Petasites frigidus Cas
Petasites sagittatus R
Phleum alpinum C- Cas-B-R
Phyllodo ce empetril ormis C-Cas-B-R
P hyllo d,o ce glanduliflor¿ Cas-B-R
P iceø engehnannü Cas-B-R
Picea sitchezsis C

Pinus albicaulis Cas-B-R
Pinus contort& C-Cas-B-R

contorta C

murrayana Cas--B-R
P oly gonum bistortoides C-Cas-B-R
P y rola secunda C-Cas-B-R
Rho do dendr on albiflorum C-Cas-B-R
Rubus niualis C-Cas-R*
Rubus pedatus C-Cas-Rx
S øxif r aga br onch,ialis C-Cas-B-R

austromontøna Cas-B-R
aespertina C-Cas

S axif raga caespitosa C-Cas-R
emarginøtø C-Cas*
rninima R
subgemmilera C-Cas

S axi f r øga t' errugin ea C-Cas-R*

Søxilraga oppo sitif oliø C_-ç¿r'r-..-B..--¡
Saxif raga punctata cascadensis C=-Cr"'
Saxilraga ¿olrniei C-Cas--Rtr' -"

Senecio trian gularis C--Cas__B-ft
øngustifolius C

triangularis C-Cas-B_-R
Shepherdiø canad,ensis B_-R
Sibbaltlia pr o cumb ens Cas--B___ft
Sorbus scopulinø C-Cas-B_-R

ca;cadrcnsis C-Cas
scopulina C-Cas-B_-R

Sarbus sitchensis C--Cas--R
grayi C-Cas
sitcherusis C-Cas-R*

Stenanthium occidentale C--Cas-R
T rientalis arctica C-Cas'-R*
T sugø me rtensiana C-Cas-B-=R
[/ accinium caespito sum C-Cas-R
V accinium oualif olium C-Cas-B-R
V accinium scoparium Cas--B-R
V accinium uligino sum C-Cas-R
V eratrum uirid,e Cas-B-R
V iola semperair ens orbiculata Cas-B-R
Xerophyllum tenøx C-Cas-R

A lesser number of species apparently did

not follow in the wake of the retleating ia
front but have been stranded instead in one or

more of the boreal flngers, and have tnaintairred

no connection in the north. Exarlples of thi,

type of distribution are shown in the followin¡

list:
Ar cto staphylo s neuadensis Cas-B
BolaniLra oregana Cas-B

imnahensis B

oreg'anø Cas
Caloch,ortus lobbü Cas

Chamaecy paris nootkatensis C- -Cas.-l|

Cladotha.mnus pyrolaeflorus C

C laytonia megarhizø Cas-B-R
bellidifolia B

megarh.izø R
niaalis Cas

C ollomia debítis C-Cas-B--R
debilis Cas-B-R
larsenii C-Cas

D o d e c athe o n' dentøtum Cas-R
Douglasia løeaigatø Cas

ciliola
laeuigt

Dral¡a au

Erigeron
Erigeron
II ieraciun
llulsea al,
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Salir hoohet
Saúlraurt. to
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Synthyris sch
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-R
R

c'iliolam' Cas
'lo'rrigot" 

Cas (Columbia Gorge)

Dral¡a attreoLo -9?"-Eri'ge'on |rctuelLü Cas

l,ri"sr,on ot cgønus Cas
"iiíro'iu"' 

I ongiberhe Cas

Hulr"o algùla B--R
Hulsea ruattu Cas

Leruisio cohunbiana C-Cas-B
colu'ml¡icttt'ct' Cas

ruPicola' C-Cas
taallouensis B

Lomathutt martind'alei C-Cas
ongtrstatu,m C-Cas
flouum C

martiruLnlei Cas

Lupimts lepid'us lyallii C-Cas-B-R
tr'licroseris alPestris Cas

Penstenrcn' ruPicola Cas

Polemoniu'tn elegans Cas-B
PolemonitL¡n aiscosum B-R
Poly gontun newberryi C-Cas
Poly gorut nt phytoløccaef olium Cas-B-R
Rul¡u,s lasiococcus C-Cas
Salix hoohet'iana C

Sarilragø tolmiei C-Cas-R
Suksrlor fia uiolacea Cas-R
Sulliuatttia oregana Cas
S¡'nthyris missuricø B-R

S ynth,yr is s chizantha C-Cas
Synthyris stellata Cas
Y a cciniu.rn, delicio sum C-Cas
v accittit¿nt membranøceum c_cas-

B_-R
V a c c inium o c c id, entale Cas-B-R
/occiniu,m ouatum C

The signiflcance for evolution of the partial
ot' c.omplete isolation of population {ragments
in the mouutain or 

"ou.ùl-frngers 
is oñvious.

Cene nlutations occurring in orrã fragment have
heert separated by such great distJnces from
tne t'est o{ the population that in numerous
cases divelgent evolution has proceeded to the
po.tttt tvhere separate s.,bspecùs or even sepa-
rate but closely related .p""i". now occupy one

lil,toT. distincr frngers. Such undoubt"dty tru.
ueett the origin of the subspecific difieréntia-

tion noted in the two preceding plant lists.
The ciimatic trend of the last 4000 years,

toward cooler and moister conditions (Hansen
1947, Hersser 1960), has brought the pacific
Northwest flora to its present status. With pos-
sible temporary unrecorded reversals the Màsic
Conifer Forest has again become dominant
over much of the western portion of the region.
It has largely replaced the xeric Rogue flora
except for numerous refugia where soil condi-
tions have probably hindered its competitors.
Many Madro-Tertiary species have been suffi-
ciently adaptable to become incorporated into
the mesic forest where we flnd them, especially
in its drier phases. On the valley floors the
mesic forest has not taken complete possession;
the chaparral has retreated southward, but con-
siderable areas are occupied by oak wood-
land, and occasional stands of ponderosa pine
persist.

Judging by the vestiges of Madro-Tertiary
associations remaining in the high mountains,
the Boreai Forest has increased in area along
the crest of the Cascades, descending the west-
ern slopes by 1000 feet or more, and widen-
ing the strip it occupies to the point where the
vegetation types on either side are now far
separated.

The coastal strip of Boreal Forest was prob-
ably the least afiected by the xerothermic trend
of any of our types. No evidence of the Madro-
Tertiary invasion is to be seen north of the
central Oregon coast, and although the Mesic
Conifer Forest encroached greatly upon it {rom
the landward side during the warm period it
has maintained itself intact, including the nu-
merous bog associations that have persisted
since the glaciai period.

East of the Cascades, even with the relative
increase in humidity and lowering of temper-
atures in the last 4000 years, the region is still
one of actual aridity. Consequently the Madro-
Tertiary elements stili dominate except at
higher elevations, as in the mountains of south-
ern British Columbia and the Blue Mountains.
The only change over the period has been a
migration down slopes and out on to the plateau
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ld iu one or
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of the yellow pine forest at the expense of sage-

brush and grassland.

Certain genera and families in the Madro-
Tertiary Geoflora have undergone marked evo-

lutionary development during their adjustment
to the changing Tertiary climate, and have
given rise to specially adapted forms appear-
ing in difierent vegetation types. This seems to
account for the presence in the more northern
Mesic Conifer and Boreal Forests of members
of typically drought-adapted genera. The more
recently derived northern species are usually
taller plants with larger leaves, mesophytic
structure and surfaces. Some of the outstand-
ing examples of this species evolution and
adaptation are the following:

a) Ceanothus cuneatus and C. cord,uløtus in
the chaparral, replaced by C. uelutinus in lhe
Pine-oak Forest, especially east of the Cas-

cades, and by C. thyrsiflorus and C. integerrí-
rnus in the drier phases of the Mesic Conifer
Forest.

b) Arctostaphylos uiscid,a and A. canescerus

in the chaparral, represented by A. patula in
the Pine-oak Forest and by A. colutnbiana in
the coastal Boreal Forest.

c) Rhamnus crocea in the chaparral, and R.
purshiana in the Mesic Conifer Forest and
coastal Boreal Forest.

d) Mahoniú repens in the Pine-oak Forest
east of the Cascades, replaced hy M. aquifolia
in dry phases of the Mesic Conifer Forest. 14.

nerl)oso, apparently is of more ancient origin
and is related to East Asian species and has
probably come into the Mesic Conifer Forest
from the north.

e) Holod,iscus glabrescens ol the arid Pine-
oak and Juniper 

'Woodlands , and H. d,iscolor
of dry situations in the Mesic Conifer Forest.

f) Cercocørpus ledifoliøs and C. betuloid,es
of the Juniper Woodland and Chaparral For-
mations, respectively.

g) Carrya fremontü of the chaparral and G.

elliptica of the coastal Boreal Forest.

h) Rhus trilobata in the chaparral, repre-
sented in both chaparral and dry phases of the
Mesic Conifer Forest by R. d,iuersiloba and in

the Juniper Woodland hy R. toxicorlendron
It is of interesr to 

1o.te -lhai 
in.r"u".ul_of.rh.

genera drought-adapted specie..in u.id ìJr*..
rions are replaced bf lorqt olosi._ultf l,or.
mesic species or subspecies in the Me.i ö
fer or Boreal Forests. Thõ;.;';;r'i.ï-iii
Mexico by similarly mesic for.ms (tutt...ì,
with mesåphytic foiiagl,- 

",y. ) 
. fËj:iil::

are displayed by such Mexicuu ,p".i., u, C..
anothu s c o er ul eu s, A r ct o s t øph,y lo s p ung en s ar¡
Mahonia fascicularis.

VEGETATION AREAS IN
WESTERN MEXICO

(The following section consists of briel ud
incomplete notes d,ealing witlt work don¿ in
Mexico in connectíon with the geologic historr
of the Northwest flora. Most of the plant collec.

tions are as yet unid,entifi,ed.)

According to paleobotanical studies (Axel.

rod 1938, 1950a), a large part of the xeric

flora of western United States developed in

response to warm dry ciimates in the Tertian.
evolving from a subtropical flora that alreadr

existed in northwest Mexico. The closest prn.

ent relatives of this Madro-Tertiary Geoflorr

are centered in the western Sierra Madre c'f

Mexico (Fig. 6). Since there are several close'

ly related vegetation types in that region

through which evolutionary lines from sul'

tropical to desert can be traced, it is of co¡uid'

"t"bl" interest and value to determine thar

pathways from their origins eventually to lheir

contributions to our piesent western United

States flora.
'We may distinguish six major vegetåtroû

types in western lúe"ico: Subtropical Fore{

*åri" Matorral, Tho;; S"uun,tu, I]esert Scru[

Pinyon-juniper Woodland and Pine-oak For'

est. Degrees of relationship between maþr

types mãy be shown by the ålutiu. nunrlrcrot

genera (sometimes f;i"tñti ;r,itt' tttty t'oti

in common. So-"ti-".';;;;.tt (e'g' Bont*

Cei(ta) may be representeã by several spectt*

all of which have ,eÀained tvpically subtropr

cal in their distrib"','ii* bÏii.ä "int' 
n'¿

--
Figurr
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genera such as Acaciahave some species (coch'

liacantha, hind'sü) which are typically sub'

tropical, while other species, through long pe'

riods oT evolution, have adapted to the dry up'
land conditions of the Xeric Matorral (pen-

natula), or the even drier Thorn Savanna of

the central plateau (faruesiønø, tortuosa).

Sometimes a whole family has undergone a

great burst of adaptive evolution almost exclu-

sively in one type of environment. As an exam-

ple the Compositae have developed a great

many species and even genera in the dry belts

of the Xeric Matorral, Thorn Savanna and

Desert Scrub, while they are only sparsely rep-

resented in the warm-humid Subtropical Forest.

The genera that constituted the Madro-

Tertiary Geoflora are represented today in
three vegetation types occurring in northwest

Mexico:
a ) Thorn Savanna in which gïasses and other

low herbaceous genera are mingled with well-

spaced shrubs and low trees, largely of the

Mimosaceae;
b) Xeric Matorral made up of a moderately

dense stand of shrubs of such genera as Acacia,

M into sa, S aluia, H y ptis, A ste.r ohy ptis, S olan'-

um, Burserø, Dalea, Eysenhardtia, and' Te'

corn(l, along with numerous herbaceous to

woody species of Papilionaceae and Composi'

tae;
c) Pine-oak Forest, dominated by numerous

species of Pinus and Quercu.s, and containing
species of Arbu'tus, Arctostaphylos and Ceano'

thus.lt is largely this last type which is repre-

sented in the Pacific Northwest vegetation, and

has contributed the most characteristic genera

making up three of our austral formations, the

Juniper-sagebrush Woodland, Chaparral and

Pine-oak Forest.

The Subtropical Forest may be considered

one of the two basic vegetation types of western

Mexico (the other is the Pine'oak Forest). It is
the one which the paleobotanists infer gives rise

to the Madro-Tertiary Geoflora and so from the

historic standpoint is basic also'
Many of the genera are still restricted to

tropical or subtropical regions, but some have

evolved species adapted to mole arid condi.
tions, and are important components of .
of the other veset"t:.îyrn":: Thil"öilfi;
reflects the process .which gave rise to the
drought-adapted Madro-Tertiary Geoflora.

In western Mexico, the^type occurs on lhe
lowlands bordering the Pacifrc Ocean, frori
about latitude 23" aT Mazatlán south, and on
the foothills and lower west slopes of the Sierra
Madre. It also follows the deep barrancas of
some of the rivers far inland. A striking exan.
ple of this last_ {eature is its occurrence along

the bottom and lower slopes of the canyon of
the Rio Santiago from its mouth near Sau Blas,

iniand as far as Guadalajara, aud even up ils
tributary, the Rio Verde, to neal Yahualic¿

(Fig. 6).

19æ

Åcaci'
Acocit
Adian
Agdes'

,4nona

,4ntigo
Antigo
Aristot
Boukin
Brauøi'
Burser,
Cappar
Caseort

Cassict. ,

Cisszs ¡
Clematt
Contltre
Con,zatt,

Corchor
Corio e\
Erogon¡
Guazum
Hantelía
Logultcu
Lygorliu
Mimosa
Mimosa,
Mímosa.
Motnord,¡
0xybaph
Passiflort
Peperon,
PlucJLea t
Pouzolzía

Rantlia at
Rh,us bo,rt
Salix ltu.m
Ser jania r,

Solanum I

Solaruøn t
Tounrclor
Xylosnta t

Under. vel.y r
pure oak ,uoódl
Italed by Xeric
qse rvith tbe O.
ol Aguascalieìrtr

The type is characterized by the presence of

a large number of species at any given locality.

none of which, however, is truly dominant.

Herbaceous species are rare; the maximum

height of the trees seldom exceeds l0 m., and

there are abundant shrubby species of almosl

impenetrable density, of varying heights and

with no apparent stratification.
The Rio Verde forest has species invading

from the adjacent xeric upland, e.g., Trago

ceros schiedianum, Acacia førnesiana, A. pen'

stula, Dahlia coccinea', Zinnia peruuiann, Sæ

field note comments for numbers 8953 f'
(Field note: "Rio Verde at the bridge, f,lev'

1434 m-4700 ft. River bank. On previous

visits this was listed as subtropical forest' Such

is not apparent now, but rather it appean as

thorn type." )
Jn Jalisco, pure subtropical forest is prob

ably coastal only, as at Manzanillo and Puerto

Vailarta, also fårther north as at Villa Union

and San Blas. This forest has followed up ür

rivers and barranc"t';ï- ;.-Guadalajara arrd

Rio Verde, but since it occurs in narrolv strip

cutting through the more xeric ttpland typ'

it is inflltrated by ,p""i", tto- th" lutttt' Thit

explains the situation on the Rio Verde me¡t

tioned above.

Following is a list of plants typical of th

Subtropical Forest in western Mexico:
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Acacia cochliacantha

Acacia hindsii
Atliantum PrincePs
Agdestis clematidea

Anona longiflora
Anñgonon flaaescens
Antigonon lePtoPus

Aristolochia sP.

ßaukinia longiflora
Brøuaisia integerrima
Bursera kerberi
Capparis aerrucosa
Casearia pringlei
Cassia emørginata
Cisstts sichyoides
Clematis d,ioica
Com,bretum farinosum
Conzattia muhiflorø
Corchorus siliquosus
Coriø eleagnoid,es
Erog'onium bracteatum
Guazu,ma tornentosa
Ilamelia uersicolor
Laguncularia racemosa
Lygodium uenustu,m
Mimosa inuisø
Mimosa pigra
Mimosa spirocarpø
Momorrlica charantia,
Oxybøphus aiscosus
Passiflora f oetid,a gossypilolia
P eperomia campylotropa
Pluchea od,orata
Pouzolzia palmeri
Randia ürmato
Rhus barclayi
Satix humbold,tiana
Serjønia mexicøna
Solanam bicolor
Solanum umbellatum
T our ne f o rtia hir sutis sirna
Xylosma aelutinum,

_ 
Undet very xeric conditions oak occurs as a

lul.:ik woodland, and then tends to be infil_trated by Xeric Matorral species. This is the
case with the Q. resinosarvoãdlurrd 34 km. westur Ågrlascalientes.

BACKGROAND NORTHWEST FLORA 49

Pinus oocarpa, is the most xeric of ail the
pines. Where it occurs as co_dominant with
Quercus (as at 16-17 km. west of Guadala-
jara), it is associated with many Xeric Mator_
ral species, just as in the pure oak woodland
facies.

^ The genus Dalea is best developed in the
Oak-Woodiand facies or Oak-p. oocarpawood_
land of the Pine-oak. It has two species in the
Xeric Matorral of lxtlahuacan. probubly the
genus should be thought of as intermediaie be_
tween these two xeric types. There are no DaL
eø in Subtropicai Forest.

Foilowing is a list of the pine_oak Forest
association:

Ad,ianturn andicola
ArJiantum patens
Adiantutn poíretii
Alnus glabrata
Alnus iorullensis
Arbutus glandulosa
Arbutus xalapensis
Arcto staphy lo s pungens
A spho d,elu,s fi,stulo sus
C alliandr a gr andiflor o. ( O-W facies )
Ceanothus coeruleus
Ceanothus durangoinus
Centaurium macranthum
Cheilanthes angustif olia
C heilanthe s kaulf e s s ii
C heilanthe s p y r amid,ali s
Clethra mexicano,
Crataegus rosei
Cuphea aequipetala (O-W facies)
Dalea gracilis (O-W facies)
D-alea pectinata (*. P. oocarpa)
D_alea submontanø (*. P. oocarpa)
Dalea tomentosa (O-W {acies)
Dalea tuberculøta (O-W facies)
Dod,onaea aiscosa (O-W facies)
Dryopteris patula (O-W facies)
Erigeron tenellus
Eupatorium areolare (O-W facies)
Hypoxis rugosperma

\ypt¡t oblongifoliø (w. P. oocarpa)
I-pomoea heterophy llø ( O-W facies )
Mahonia lascicularis

of the
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Malaxis aurecl
Malaxis pringlei
Oxalis d'ecaphYlla
Oxypappus seemannü (*. P. oocarpø)

Phaseolus coccineus (O-W facies)

Pinaropappus roseus (O'W facies)

Pinus cooperi
Pinus engelmannii
Pinus luntholtzü
Pinus rnichoa,cana
Pinus oocarpa
Pintts teocote
Prunus capuli
Pteridiutn aquilinu'm (*' P. oocarpø)

Quercus aristatø

Qu"rru, bolanyosensis (w. P ' oocarpa)

Q uer cus co ccolob aef olia

Quercus crøssifolia

Q u", 
"u, 

tliuer sil oliø ( O-W iacies )

Quercus d'urif olia

Quercus eduard"ü (O-W facies)

Quercus grisea

Quercus laxa

Quercus macr oPhYllø ( O'SF)

Qu"r ru, magnoliaefollø ( O'SF )

Quercus mexicana

Queraæ microphYlla

Quercus omissa

Quercus praineanø (O-W)

Quercus resinosø (O-W facies, ol
w. P. oocarpa)

Quercus rugosa

Querats rugulosa (O-W facies)

Q u", 
"u, 

tr artsmontanø ( O'W facies )
Ranunculu's p etio lar is

SøIix bonplandiana
Selo.ginellø pøllescens (O-'W facies or

Oak-SF)
S en ecio sto echad'if or mis
Spiranthes aelatø
Tagetes lucida
T halictrtt m tripeltil erum ( O-W facies )

Triumf etta breuiPes (O-W facies)

Trixis hyposericeø (O-W facies)

Trixis longilolia (O-W facies)

[/ ac cinium g e nt'inifl o r um

l/ernonia ialiscanø (O'W facies)

HISTORv, UNI't/ERSITY OF OREGOIT 
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V ernonia mucronatø (*. P. oocar pa)
Viola grahamtr,
Wigandia caracasana (O-W facies)
Yucca decipiens (O-W {acies)

The Desert Scrub Form¿tion is an edaphic
phase o{ the Juniper Woodland dependent up
on extreme saline (or otherwise llasic) condi.
tions. It is more common in Nevada and Lrah.
but in the Oregon portion of the Great Basin ir
occurs on the playas of ancient lakes or.on sur.

rounding lower slopes. The genera ale aust¡al

in origin (except Arternisia, and this ge¡rus i.
probably of austral origin) and cleveloped in
the southwestern deserts during the N{adrr,

Tertiary evolution and migrations'
Constituents of the Desert Scrub Fornlation:

S ar cob atus a errniculatus
Atriplex conf ertif olius
Grayiø spinosa
Artemisa sPinescens

Atriplex cünescens

Tetradymia ?

Eurotia

AII the ferns collected at Lake Pátzcu¡ro

were along a (now) dry watercourse' Nornlal'

ly they would belong in the pine forest' Pátzcu'

uto i. originally noted as a mixed pine'oa['

thorn forest. See field notes B4B1 f'
The Chapalita district of Guadalajara is itn'

doubtedly of thottt savanna type' This is at'

tested by remnants of this type around the Poli'

técnico, in the frelds or loadsides jusl orrtsitlt

of town, Zapopan, etc., where such genera 'i'
P, o, o p/, und P ith" 

"olo 
biurn are colnmon' Hou'

"u"r, 
o number of xeric matorral species ln'

abundant in the uu"u,tt lots of Chapalìta' Tht

same is true of Zapopan. Does iutellsive l¿nJ

use in the savanna "i"otttug" 
the infiltration

(development) o{ matorral? .,

Examine carefully the association on ttt'

slopes about 19 ü';i"t,h "{ 
Tapalpa (Fig' Ót

Now classifled as Thorn Savanna' llrt thel secn

to be uearer Xeric Matorral llecause ol sonr

*"iläirod 
refers to this as mesqttite grasslirrt

(1e58).

tffi

Co¡¡stitur

Acaci¿

.4caci¿

lnisac
,4rgem
,4scleP

Aster tt
Baccha
Bidens
Buddle
Buddle'
Callion,
Clentati
C¡'nanc)
Desnton
Ficus n'
Ficus pe
Crindeli
Haplopu
Haplopa,
H¡'ptis ar

tatroplru
KarruinsA
trfintosa, t,

ll[uhlenbe
Nicotiot¿a
0enother¿
Partlrcniu
Pellar:q, sa
Pigueria t
Pithecalot,
Pithecolob
Prosopis iz
Psilac,tis'bt
Psittocanth
Rh)'nchelyt
Sunuitaliå 

i
Jenecio her
Senecio salt
Soluntun el,
Solarutm m,
Solanu,m tot
Steuio. ia.lísc
Tillanrtsia r
T¡,'ie.i.s angus
rl tgantliø kr,
Wootlsia mo
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Constituents o{ the Thorn Savanna:

'4caciø 
larruesiann

,4cacia tortuosa

Anisacanthus thurberi

Argemone ochroleuca

AsclePiøs linariø
Aster tuLacetilolius
Baccharis ra,mulosa

Bídens Pilosa
B utl d' I e i a s co r d'io i d' e s

B utld'le ia s e s silíflor a
Calliand¡a oat(acønú

C lernati s d,r ummond,ii
Cynancltiurn kunthü

D esmondium sericophy llum
Fiars mexicana
Ficus petiolaris
Grintlelia oxylepis
H ap lo p ap p u s s p ínulo sus s cab r ellus
Haplopappus Denetus

Hyptis ølbidø
latrophø d,ioica
Kanainskia latit'oliø
Mimosa monancistru
Muhlenbergia rigid,a
Nicotiana glauca
0enothera speciosa
P ar th enium b i p innati fi d, ium
Pellaea sagittata
Pigu,eria trineraiø.
P ithecolobium acatlerus e
Pitl¿ecolobium d,ulce
Prosopis julillora
P silactis br euilingulata
P si tto canthus caly cula tus
Rhynchelytru* ,or"u^
Sanuitølia procumbens
S e necio he r aclei I oli us
Senecio salignui

S olanutn ele aeni I olium
Solanum *od,r"ir"
Solanum tornurrl
Steuia jaliscensis
T illand sia. r e cur a a.ta
Trixis aneustif oliq.
Wisand.iã kuithii
V oodsia mollis ( Pátzcuaro )

BACKGROU N D NORT HIT/EST F LORA 5r

XERIC MATORRAL
Acaciø pennøtula
A sterohy ptis mo cíniøna
Bursera bipinnata
Bursera fagørioides
Canaaallia aillosa
Cassía stenocarpa
C heilanthe s my r io phy lla
Costnos sulfureus
C rotølar ia rnay pur ensis
Crotalaria pumila
Crotalaria sagittalis
Croton rnorifolius
Cupltea llauea
Cuphea procumbens
Dølea diffusa
Dalea nutans
D e s mo d,ium p r o cutnb en s
Dyssodia cancella.ta
Dyssodia tagetiflorø
Eupatorium pulchellum
E y s enhar d,tiø p o ly stachy a
Comphrena d,ecutnbens
Gornphrena nana
I nd,igof era j alis censis
Ipomoea irurapilasa
Lagasceø d,ecipiens
Leucaenø esculenta
Loeseliø mexicanu,
Lysiloma acapulcensis
Mandeailla foliosa
Manihot foetid,a
Mitnosa albid,a
Montanoa myriocephala
Notholaena, anffea
Notholaena sinuata
Perezia rigida
P has eolus atr opur pur eus
P haseolus heterophylla
P horandendr on carneutrl
P hy s alis nic a,ndr o íde s
Prunus lerruginea
Ptelea triloliata
Rhus rødicans
Saluia leptophylla
Saluia. purpureo.
Salaiø tiliaefolia
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S chkuhr ia anthemo i iI e a'

Solanutn rostraüufiù
S p r ekeli a f or rno s i s i s sima
Steaia rhombifolia
Tøgetes fi,lifolia
Tagetes núcrantha
Tecomø stans

Theaetía oua,ta

Tithoniø tubaeformis
T r øgo c er o s s chie f'anum
V er bi s ina sphaer o c ePhala
V ernonia s e r r øtuloid, e s

Viguierø pøchycePhøla

I/ i guier ø quin quer ad,íat a

Zinnia peruuiøna
Zornia, cliphyllø

OF NATARAL HISTOR'" UNIT/ERSITY OF OREGON

Xeric matorral may sometimes be
sional stage, as in Nayarit (numbers

where it apparently came in after the
o{ an oakwoodland.

Axelrod refers to this type as '¡
tropic scrub" (1958, p. 502).

PINON-JUNIPER Y/OO

Cowaniømexícøna
luniperus d,eppeanø

Pinus cetnbroid,es
Papulus arizonicø
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APPENDIX

Following is a list of plants and their common names which are diagnostic of the vegetation
areas of the Northwest discussed in this paper.

thies amøbalis-Amabalis or lovely fir
')lírr ron,olor-White fir
')lizt gron'lit-Gi"."i or grand fir
',llí"t kt io.. o' Pø-AlPine fi r
')birt 

Prot"'o-Noble fir
)cer iircínatum-Vine maPle

Åcer glabrunt dougløsii-Douglas maple

ilær macropltyllum-Big-leaf or Oregon maple

Achly s tr iPl ry\lø-Vanilla leaf

Acoiiturn spP.-A conite, monkshood

Å ctaeø sP í c at a ør gut a-BaneberrY
Ådenocøulo n bicolor-Tr ail plant
Agropyron inerme-Great Basin wheat-grass
Agropyron spicøtum-Wheat bunchgrass
Ållfum c r e n ulat'um-Oly mpic onion
Allotropa uirgata-Stgar stick
,llnus oregona-Oregon alder, red alder
Ålrus sinuatct--Sitka alder
Alnus tenui I oliø-Mountain alder
Amelanchier spp.-Serviceberry
,{nemone spp.-Anemone, wind flower
Ånemone occidentølis-Mountain pasque flower
A¡úennariø ¡ aç ¿¡n6 s q-glender everlasiing
Aplopanøx hor ridum-Devils club
,l quile gíø | o r rno s a-Columbine
A r bul,u s m.e ¡tz ie s ü-Madrone
Ar cto staplrylo s ç¡7n¿ s ç¿ns-floary manzanita
,4rctostaphylo s c olwnb iarut-Hairy manzanita
A r c t o s taphylo s n¿ oqd, ¿ n sis-,Pine mat manzanita
Ar cto s taphyl o s patula-Gr een-leaf manzanita
Árctos taphyl o s ua a-ur s í-Kinnikinnick

Á.r ctos tapl Ly I o s u i s c id a-Whi te-leaf man za n ita
Arenar ia I o r nto s ø-S and wort
Arnica lati I ol ia-Broad-leaf arnica
/lrnica par ry i-parry's arnica
,{,r t e m isì. a t r itÌ e n ¿a ¿a-_Sa gebrush
,4,runcus syluester acumiiatus-Goat's beard

1tolury ca udo_tum-Wesrern wild ginger
jæ.t epia ¡ c o r d, i I ol in-purple m il köeã
/lsl ragalus spp.-Locoweed
aacc har is p ilula r is c o n s an g uin e us_Chapa rral

DÌOOM

CøIochortus tolmíei-Mariposa lily, Cat.s ear
C3l1ha Ie ptosepala-Marsh marigáld
C alyps o bulbosø-Lady,s slippei
C arnp anula r o t und, i I olin 

-Harebell, bluebell
C ar d arnine b ell idi I o li"a,-Alpi ne b i tier c ress
Carex spp.-sedges
C as s io pe ¡n¿, ¿¿nsianø-White heather
C astille j ø spp.-Paint brush
C eanoth.us c o r d,ulatus-Snow bush
C eanothus ¿¡1n¿6f¡1s-fiuck brush
C etmothus intreger rirnus-Deer brush
C eano thus pr o s tr a,tus-Squaw mat
C eønothus sanguineus-Oìegon tea tree
C ea.no thus thy r s i fl o rus-Blue brush
Ceanothus aelutinus-sticky laurel, snow brush
C er coc ør pus b e tuloid, e s-Plume tree
C erco carpus 

_led,if olius-Mountain mahogany
Chaenactis douglasü-Hoary chaenactis
C hømae cyparis no otlcatensls--Alaska cedar
C^(tna.phik umb ellatø-Prince's pine
C hlo r o galum p orne rid,ianum-Soåp plant
C hry sop sis uillo sø hispida-Golden åster
C hry sothamnøs spp.-Rabbit brush
C ím ic i I u g ø elatø-Bugb ane
C|r cøea pacifica-Enchanter,s nightshade
C i r s i utn u nd ul a t um--lhistle
C lad othamnus py rolae flor¿r¡¿-Cladothamnus
C I ar kia p ul ch ell a-.Clarkia
C lay t onía me gar hiza-spring beauty
C lematis hir s utis sima-Leatñer fl orver
C le:natis ligus ticil olin-Clematis, virgin,s bower
C^li n t o ni a u n i fl o r a-Queen cup
C oll o m ia d ebili s- Alpine collãmia
C ollomiø grand i fl or a-Large-fl orvered collomia
C ona oluulus poly mor phus-Morning-glory,

bindweed
C optis laciniølø-Western gold-thread
C orallo r hiza s tr i.atø-.Coral root
C or nus canad ensis-Bunchberry
C o r nus nuttallü-Western dogwood
Cornus stolonifera-Americai or red osier

dogwood
C-oryd,alis scouler i-Western corydalis
C o rylus ç s ¡ nu[o,-W/ ¿stern hazel
C r ep is nanø-Hawksbeard
C rypto gramtna acr ostichoides-parslev fern
C yno glo s s um g rand e-Hound,s tonguá
D elphinium ó jcolor-Larkspur
D entar ia pulcher r ima--:loothwort
D e s curainiø p innøta-T ansy-mustard
Díc entr a I ormo sa-BIeeding heart

Balsamorh iza spp.-Balsam root
a^etu Iø gla nd ulosa_Resin birch
f,e-t 

ula 
.pa 

p y r i ferø-paper birch
"or^! !, ! r." o r e gan a_O regon bolan dra
i:I!'* ma i or --Mo unlain boy kinia
i:?! It p ol y a n thu.s-'Br omeg rass

i:::^c^t:?r 
tu s t o b b ü_Lobb,s iar tulip

ii:å:i::,i,:T::,;îf ,iïä:;Tî;''"'å
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Disporunt' oregønurn-Oregon fairy bells. 
-.

D o rJ e c ath e o n d entatum-Sh o oting star, bird's b ill
D o u gl.ø s iø In eui g at a-Douglasia
D r o s er ø r otundil olia-Sundew
Elymus glaucu s-W estern rye-grass

E rnp e t r um nigr um-Ct owberrY
Epilobium spp.-Fireweed
Erigeron spp.-Wild daisY
E rio d,icty on calif or nicum-Yerba santa

E rio g onum spp.-Wild buckwheat
E rioph orum spp.-Cotton grass

E r y simum cøpitøtum-W allfl ower

Eiythroniurn spp.-Lamb's tongue, fawn lily
F estucct" spp.-Bunchgrass
F ra gar ia spp.-Wild strawberrY
F r iältaria 

-Iãnc 
e olnt a-.Mission bells, rice-r oot lily

F ritilla,rín pud,ica-Y ellow bells

F ritillariø v ¿ç¿1vpt-$¿arlet fritillaria
Cq,ittørdía øristøta-Blanket fl ower

Galíum spp.-Bedstraw
Garrya ellipticø-Silk tassel bush

G ar ry a I r emontü-Bear brush
Gaultherfu. humilus ø-Alpine wintergreen
G øulthe r ia' o u øtil olia-Oregon sp icy winter g reen

G øulth.eriø shøllon 
-Salal

G er ønium a is c o sis sirnum-Sticky geranium
G e wn macr ophyllum- Av ens

GiIiø aggr egølø-Scarlet gilia
G od, etin amo enø-F arewell-to-spring
G o o dy erø oblongil olia-Rattlesnake plantain
H abenariø dilatatø-Boreal bog orchid
H apl o p ap p us hallü-Hesper odoria
H eliønthellø uniflor a-F alse sunfl ower

Heucherø spp.-Alum root
H ierøcium spp.-Hawkweed
H olo d,is cus spp.-Ocean sPraY

H or keliø f usca-DuskY horkelia
H uls ea øI gídø- Ãlpíne hulsea
H uls ea n¡1nc¿-þvÍ s¡f hulsea
H y d r o p hyllum t enuíp e s 

-Waterleaf
H ypericum arutgalloides-Tinker's penny

H yp op ity s lat i s qttamø-Bro ad-leaved pinesap

I rís mis s ourie¿sis-Western iris
I uniperu,s c ommunis-Dwarf j uniper
I uniperus o ccid, entølis-Western j uniper

Iuniperus scopulorum-Rocky mountain juniper
Kølmin p olil olia-P ale laurel
Kello ggia gøIioíd e s-Kelloggia
Ko eleria, cr istota-I we grass

Leilum spp.-Labrador tea
Løthy r us p oly phyllu s-Le af y pea

Leptørrhertø pyroløe fl ora-False saxifrage
Lepto d,øctylon putugens-Granite gilia

L ewisia c olumbianø rupicola-Columbia lewisia

Linanthus b oland, eri-Bolander's linanthus

Linna ea b o r e ali s--T winfl ower

HISTORY, UNIVERSITY OF OREGON
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Lister ø conuall,a.rioid'es-Broadlipped trvayblad"
Listera cor d atø-Heartleaved trvayblade

Litho sp ermum r ud, er øIe-Western gromlvell

L omatium spp.-Desert ParsleY
L onic era cilio sa-Or ange honeysuckle
L onicerø interrupta-Chaparral honeysuckle

Lonicer a ina olucrøta-Black twinberry
L ue tk e ø p e c tinat a-Luetke a
Lupinus spp.-Lupine
Ly sichitum antericønum-Skunk cabbage

Møhonin spp.-Oregon grape
M øianthemwtn, dilntatum-False lily- of -the.valley

M entz elíø albic aulís-White-stemmed mentzelia

M entz elio, løeuicøuLis p øra i flor a-Great mentzelia

M e nzi e si.a t er r u gine ø-Rustyleaf
M ertensia spp.-Lungwort
M icr opus calil o rnicus-Cotton weed

M icr o s er is ølp e s tr is 
-Microser 

is

Mimulus nanus-Ptrple monkey flower

M ítelln spp.-Mitrewort
M o nar d ella uillo s a-Coyote mint
M onotr opa unillo r a-lndian PiPe
M ontia par ail olilt flagelløris-Miner's lettuce

M o ntiø sib e r ica-Sprin g beautY

Myrica californicø-Western wax myrtle
Myricø gøle-Sweet gale
N emo p h.ilø p ar a i fl o r a-NemoPhila
O p untiø | r ø gilí s -P ricklY Pea r
O r ob ønche I as ciculnta-Broom-rape

lc)6

Púsecutw
Polemoníu'
Polemoniu
PolYgonwn

knottt'eec

PolYgonum
PolYgonum
PolYPodiun
PolYstichun
PoPulus trer

PoPulus tríc
Prunus enøi

Prunus uirgt

Psa ulotsuga

PterosPora a

Purshia tríde
PYrola sPP'-

Quercus chrT

Qucrcus garr

Quercus t^acc

Ronunculus s

Rhamnus cali
Rhannus cro¡
ßhamnus pu.r'

Rhotlotlentlro
rhododendr

Rhododendrot
rose bay

Rhodorlentlrot
Rhus tliuersilo
Rhus glabra-
Rhus ratlicans-
Rhus toxicodet
Rhus trilobotø-
Ribes cereu¡n-
ltlòes uiscosiss¡
Rosø spp.-Wi
Rubus losiococ,
Rubus niuolis_
Rubus paruiflor
Rubus)tc,Iaiu_
Rubus'specrabil
Rutll¡eciia occí¿
Sali:c hookerían,
hmbucus glauc
Jonrcr¿/a gìou"o

ltu.r.eja lougla^
.:{xtlraga brona.

lxilroga caesni
lxilraga ¡¿¡¡)n
tnxilraga oppoit
,yxt!ra{o putlcta
;otrlraga rudilu
;vÌ/ragc tolnt',iet
*necio cr¡¡¿us-(
'vnecio lustigir,tt.

O r tho carpus attenu&tus-.Owl's clover

O smør onia' cerasil ormis-Indian plum

O s¡norhiza chilensis-Sweet cicely
O xalís or e ga¡t¿¿-Wood sorrel
O xy riø d,igy ttø--Mountain sorrel
P aLhy s tima myr sinites-Oregon boxlvood

P øe o nin b r o w nü---\l estern PeonY
P e ct o c øry ø p us illn-P ectocarya
P edicutiris' gr o enland,ícø-Elephant's head

P ens temon spp.-Beard-tongue
P etasite s spp.-Coltsf oot
P lwc elia spp.-Phacelia
P hleum, alpin¡¿¡¿-f,{6¡¡¡¿in timothy - -

P hlox diffusa longistylis-spreading phlox

P hlox ho odíi-Gray phlox
Phyllodo ce ernpetril ormis-Rose heath

P hytto d, o c e glanduliflo r a-White heath

P hy s o c arp us c ap it atus-Nineb ark
P ic e ø e ngehnannií--Engelmann spruce

P ic ea sitchens is-Sitka spruce

Pinus albica¿lis-White bark Pine
Pinus contorlø-Beach pine, lodgepole pine

Pinu,s j eftreyi-JefireY Pine
P ín u s mont i co¿{¿-W estern white pi ne

Pinus ponileroro-w".ä ;;ìl"J ;' po'derosa pirr

PlagioboLhrys norhoI uluus-Popcorn flouer

P leuríc o sp or a fimb r i olata-Pinesap
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I
Pæ secundø--Bluegrass

þlrron¡u* e I e gan s-Slender polemonium

äl.nonAu" u i sc osum-Skunk polemonium

þoîy gonu*_b is t o r to ides-Mountain meadow

knotrveed
pnl"son um n e wb er ryi-Newberry's knotweed
' p)ír"n o, u,, p h y t o I a c c a e I o I ium - Alp in e kn o t weed

níri o d ¡ r m u ul g ar e c olum bia num-Licorice f ern
p oíit, ¡rtr, * m un ilu m-Western sword lern

Poíulus tre nuloi'des-Quaking aspen

P oipul u s tr íc h o ca r Pa-PoPlar
P rinu t rm o, gina t a-BitLet cherrY

P runus a ir ginianø-Choke cherrY

Pseailotsttga menziesiL-Douglas fi r
P ter o sp or a s:¿f, ¡ 6n¿fl ¿(t-Pinedrops

Purshia tridentata-Bitter brush, antelope brush
P yr ola spp.-W intergreen
(í*rru t ch r y s ol ep is-Canyon oak

þu"rtut gørryana-Garry oak, Oregon oak

Qurrtut uaccínil olia-Huckleberry oak
Ranu n c ul u s sPp.-But tercup
Rhannus calil or nica-Cofiee berry
Rhatnnus c r o c ea-Buckthorn
Rhann u s p u.r s hiønø-Cascara
Rhodo d endr o n albi fl o r um-White-fl owered

rhododendron
Rhod o d enclr o n mac r o phyllu¡zr-Rhododendron,

rose bay
Rhotlotlendr o n s ¿¿id,sn¡6ls-'Western azalea
Rhu s diu er siloóø-Poison oak
Rhu s glabr a-Westem sumac
Rhus r atlicans-Poison ivy
Rhus t o xí c o d end, r o n-P oison ivy
Rhus trilo b atø-Squqw bush
Ribes cere um-Squaw currant
Riåes uiscos¡ss i mum-stickv cu rrant
Rosa spp.-Wild rose
Rubus løs io c o cc¿s-Dwarf bramble
Rubu s níu alis-Snow bramble
Rubu s pa r ui fl or¿s-Thi mble berry
Rubus per! a i u s-strawberry d wurf bramble
Rub,us s p e c r a bl/is-salmon berry
Rudbechia o c cid.enrali s-Western rudbeckia
S-ali x h o o h e r ia¿¿-fl 6elç¿¡,s willow
&¡nå¿æ¿¿ s gla uca-Blueel derberry
San ic ula gr a u eole n s-snakerooL
t*atu.r.e j ø i ouglas sii-yerba buena

!rt!,rogo br o n ch iali s-Matted saxifrage

!r,!,ro go eaespi¿o ss-Tufted saxif rage-
;tna tt 

J,r a ga I e r r u g in e a-R u sty sax i f ragl
llt'fr*" o p p oi ; t t ¡ ota-p uiple ru*iïru g"
soaxtl,ragø punc ! a! ø-Brook såxilrage "
J a_tt i l,r a g a r u d, i I u ln 

-R ed - w o o I I y, u ii f , u g 
"

farryragø t ol miei-Tol-i"'r ru*if.ug" "
ùenecio can us-Gray senecio
¿eneci o I as t igiat us--Cl ustered senecio

S enecio tríøngulnr is-Spear-headed senecio
Sh,epher d,ia carwd ensís-Bufialo berry
S ib bøld,iø pr o cumb ens -sibbaldiaSid,alcia øspr elln-Ha¡sh sidalcia
Sie u e r s iø ciliøta-P r airie smoke
S íle n e d, o u glasli-C ampion
Sí sy r inc hium cl o u gln s ü-Grass widow
S milacinø spp.-False Solomon's seal
Smíløx cøIil ornica-California smilax
Spir anthe s r omønzo finnum-Ladies' tresses
Sp or o b olus spp.-Dropseed
Støchys spp.-Hedge nettle
S tipø columbiønus-Sub alpine stipa
S tip a c otnøta-Needle-and-thread grass
S uh s d o r fi a aiolac ea-Srksdorfi a.

Sulliuantiø o r e gana-Oregon sullivantia
S y rnp h o r ic ørp o s alb us-snowberry
Syntlt yris tnissuríca-Western mountain syntheris
Sy nthy r is r enil o rmis-syntheris
Sy nthy ris s chizanthø-Fringed syntheris
Sy nthy ris s tellntø-Columbia syntheris
T ellimø g r and ifl o r a-Fringe cup
T halíctrum he xandrø---i'l/'eadow rue
T huj a plicøtø-'Western red cedar
T hy sano cørpus r ødians-Lace pod
T iar ella, unil oliatø-Coolwo rt
T olmíe ø m e nzi e s ü-Bristle-fl ower
T o nelln tenellq.-Small-fl owered tonella
T owns end,ía. fl or i I er-Showy townsendia
T røutu etteria, grand,is-F alse bugbane
T r icho s tema lanceoløtutn-Vinegar weed
T r ie ntalis spp.-Starfl ower
T rillium spp.-Trillium, wake-robin
T s uga heter o phyllø-W estern hemlock
T s ugø rnertensictnø-Motntain hemlock
U mb ellulariø calil ornic a--California laurel
Urtica spp.-Nettle
V øccinium ca,espito sum-Dwarf huckleberry
V accinium delicio sum-Blue-leaved huckleberry
V acciníum m etnbr annc e¿ø¿-Thin-leaf hucklebèrry
V acc inium o cci.d, entøle-Western huckleberry
V øcciniurn ouøIil oliurn-Oval-leaved huckleberry
l/ øccinium ou øt urn-Shot huckleberry
7 øccinium pøru il olium-Red huckleberry
l/ ø,ccinütm s c opøriwm-Small-leaved huckleberry
V _accinium uligino sum-Blueberry, bog huckleberry
V erøtrum aíride-Green false hellebore
V icia øme r íc ana-C alilornia vetch
V iolø ad,unca-Western long-spurred violet
T/ iola gla,b ella-Yell ow violet
V iola s e mp e r u ir en s o r b ic ulnta-Ev er green violet
l/ íoln slrcItonll-Shelton's violet
V itis cølil o r nlc¿-Western wild grape
(hippleø tnod,esta-Yerba de selva, whipple vine
W y ethia amplexicauli.s-Dwarf sunfl owe.
Xerophyllum tenax-Bear grass, squaw grass
Z y gad, enus'u eneno sus-Death camãs

valley
zelia

rtzelia


