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INTRODUCTION

The Western Cascades of central Oregon comprise a unique area
of great floristic diversity. Included in the flora of the area are
numerous species with disjunct distributions. About 95 percent of this
region supports some phase of the broadly-defined mesic conifer forest
(Detling, 1968), a low diversity floristic unit dominated by Pseudotsuga

menziesii and species of Abies and Tsuga. Occurring in clearings,

meadows, bogs, and on scree slopes and outcrops are numerous additional
species many of which are typical of this region of the Cascades. How-
ever, approximately 20 percent of the flora of the region consists of
species characteristic of other regions. These species are disjunct,
often markedly so, in their Western Cascade occurrences., They are con-
centrated in, but not restricted to, the non-forest habitats. Disjunct
elements in the Western Cascade flora include boreal, high alpine,
Siskiyou-Klamath, Great Basin, and lowland valley species. Three spe-
cies are endemic to the study region and its immediate environs. The
study of the distributions of these disjunct and endemic species is the
subject of this work.,

Two distinct approaches have been taken in previous work on dis-
junctions, One, exemplified by the studies of Baker (1955, 1959a,
1959b, 1961) and Carlquist (1966a, 1966b), emphasizes the biological
and evolutionary mechanisms which adapt plants for long-distance dis-

persal. Thus the role of invasion of new areas by plants is stressed,



and disjunct segmentg are likely to be considered outliers of expanding
populations., At the other extreme, the studies of Gleason (1922),
Fernald (1925), Marie-Victorin (1938), and Detling (1953, 1954, 1958,
1961, 1966, 1968) are concerned with the historical aspects of disjunc-
tions. These workers have tended to focus exclusively on the relictual
concept (Fryxell, 1962) and to hypothesize retreating migration or
incipient extinction to explain disjunct populations. Such studies
normally center around the climatic changes of the Pleistocene and
Recent epochs. A special case involves the study of nunataks, or iso-
lated mountain peaks which were ice-free during the Pleistocene but
surrounded by glacial ice. Such mountain peaks often support relics
from the Wisconsin and previous glaciations, often far to the south of
their normal ranges (Marie-Victorin, 1938; etc.).

In studies with both biologiéal and historical hypotheses, sev-
eral assumptions are made concerning the nature of disjunctions. Bio-
logical studies often consider geographical disjunction: only, completely
disregarding the time factor; while historical studies typically concen-
trate on large changes through time and often fail to consider important
biological differences between species of similar geographic affinity.
In addition, the historical approach normally assumes that at some time
plants of a relict species occupied all areas between each locality of
present occurrence, Inherent in both approaches is the assumption that
the habitats of disjunct: species, wherever they occur, are generally
similar,

The Western Cascade Range bears significantly on the general

problem of disjunctions in several ways. First, a large number of more



or less discrete islands of disjunct species occur in the area., Second,
the boreal, austral, cold desert, and high and low altitude species are
found together, often in the same association type and occasionally so
physically close that they are probably in competition with one another
during certain seasons. Thus it seems that the general assumption that
disjunct organisms are found in habitats generally similar to those of
their parental populations is here violated. Such considerations show
the Western Cascades to be an ideal area for studying the history and

biology of disjunct species.



REVIEW OF THE LITERATURE

There is a paucity of published work that pertains directly to
the geology or floristics of the Western Cascade Range. A summary of

the existing literature in these two areas is given below.

Geology and Physiography

While Dicken (1955) and Baldwin (1964) present brief discussions
of the physiography and geology of the Western and High Cascades, neither
treats them in detail and both rely primarily on the findings of other
workers.

Williams (1942, 1944, 1953) presents, in semi-popular form, the
geologic history of these ranges together with considerations of the
origins, products, and forms of volcanic eruptions. According to
Williams (1953), the Western Cascades are the result primarily of fis-
sure eruptions in a broad downwarping area. Small cones may have
developed locally, but no evidence of their original forms remains.
Eruptions began to the west, perhaps in what is now the Willamette
Valley, during the Eocene and migrated eastward to the present crest
of the High Cascade Range by the middle of the Pliocene. There were
several periods of intense volcanism during the Tertiary, the most ex-
treme of which included middle and late Miocene times, Between these
periods of volcanism, erosion degraded the mountains and subsequent

eruptions tended to fill the topographic lows. At the end of the



Miocene the older flows were uplifted and thrown into broad gentle folds.
Although there was still some activity in Western Cascade vents by the
beginning of the Pliocene, most volcanism by this time was localized in
the present High Cascade Range, a north-south trending line of impressive
composite volcanoes. Volcanic activity in the High Cascades has con-
tinued at lower rates into the present century.

The work of Thayer (1936, 1939) has elucidated the geology of
the North Santiam River drainage, which extends from the Willamette
River Valley to the crest of the High Cascades. Thayer describes the
stratigraphy, structure, and glacial and erosional history of this di-
verse region, which forms the northern border of the area under consid-
eration here. 1In ‘his stratigraphic work, Thayer distinguishes as dis-
crete formations any flows separated by a recognizable unconformity and
groups the formations into "series'" such as the Breitenbush, Mehama,
and Sardine. Of particular interest are Thayer's ideas concerning the
putative presence of the "Cascade fault scarp,'" which is considered
(Thayer, 1936) to be a structural boundary between the Western and High
Cascades. Thayer and previous workers had noted the sharp line physio-
graphically delimiting the two ranges essentially throughout their
length in Oregon. To the west the older range rises steeply to dis-
sected ridges often over 1000 m above the floor of the line of valleys
marking the boundary. To the east the High Cascade plateau slopes
gently up to Recent cinder cones and finally to the high peaks which
range from 2400 to 3500 m in elevation. After a reconsideration of some
as yet unresolved stratigraphic problems, Thayer (1939) modifies his

original opinion by observing that, at least in the North Santiam
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region, a fault need not be invoked to explain the observed strati-
graphic relations. Of critical concern in this decision is the presence
of a topographic and stratigraphic bridge between the two ranges which
includes Outerson Mountain and related peaks. Such bridges are excep-
tional in the central Cascades.

Thayer (1939) calls attention to glacial moraines and reworked
tills in the valley of the North Santiam River. The large alpine valley
glaciers which deposited this debris had their origin high on the slopes
of Mt., Jefferson, as much as 58 air km to the east. The Wisconsin gla-
ciers, however, came barely into the Western Cascades from the higher
mountains if Thayer's interpretations are correct. He also notes the
presence of many small cirques and associated features in the more com-
pletely dissected portions of the Western Cascades. It is likely that
some of these lower glaciers acted as tributaries to the larger valley
glaciers. Hopson (1946) notes morainal features in the McKenzie River
Valley, extending as far west as Blue River, or to an approximate eleva-

tion of 300 m.

Maps of numerous mining claims and petrographic and economic aspects

of propylitically altered regions scattered through the Western Cascades
are presented by Callaghan and Buddington (1938). Such areas of alter-
ation are closely associated with small dioritic intrusive bodies, al-
though the mineralization which makes them of economic value occurred
later than the intrusions themselves--perhaps in the late Miocene. This
is evidenced by mineral veins which cut through both altered country
rock and the intrusive bodies, but are thought to be genetically related

to the latter. Due to the extreme chemical complexity of the substrate



in altered areas and possible subsequent effects on the vegetation
patterns, such regions were excluded from the present study area.

The most recent and comprehensive studies of Western Cascade
geology have been made by Peck (1960), Wells and Peck (1961), and Peck
and others (1964). The last paper contains data on the stratigraphy,
structure, and petrology of the region. Peck and others also discuss
the intrusions and the concurrent and subsequent alterations of the
country rock. A very large area is covered in this work, and a great
deal of new information is presented. However, it is a pilot study
needing extensive further documentation. Peck lumps the Mehama and
Breitenbush Series of Thayer (1936) into the Little Butte Series of
Wells (1956) and Wells and Peck (1961). He also treats the Sardine
Series as a single formation. This conservative treatment is more in
keeping with present lack of knowledge of the correlations of the beds
in these groups of flows. The Little Butte is an important Western
Cascade series to the west and south of the study area, but within the
area it comprises only about 17 percent of the total surface (Peck and
others, 1964)., This dominantly tuffaceous series weathers rapidly and
except for recent roadcuts and occasional brecciated vents has not been
found to crop out in the study area. Peck dismisses Thayer's (1936)
proposal of a series of faults between the Western and High Cascades
with the observation that a linear scarp is not topographically evi-
denced at all localities.

Three geologic maps are available for the portion of the Western
Cascades considered here, The first (Williams, 1957) is a reconnaissance

map of the central portion of the High Cascades but includes the proposed



western limit of the Plio-Pleistocene volcanic rocks of that range,
which occur irregularly well into the physiographically-defined Western
Cascades. According to the most recent map, Plio-Pleistocene flows
cover about 44 percent of the present study area. However, proposed
contacts between Miocene and Plio-Pleistocene flows were visited by
the mappers in only a small number of instances, and these were confined
to the most heavily forested areas of the Western Cascades, where good
outcrops are extremely rare. Peck does demonstrate overlapping but
probably statistically significant differences between the chemistries
of Miocene and Plio-Pleistocene volcanics of the Cascade Ranges, but it
appears that none of the reputed Pliocene rocks from the Western Cas-
cades were included in these samples., Thus, the extent of Plio-Pleisto-
cene rocks in the Western Cascades and the locations of contacts between
them and older flows are still open to considerable question.,

In summary, the basic history, structure, and stratigraphy of
both Western and High Cascade Ranges is relatively well known and docu-
mented, but detailed information on any portion of the study area is

lacking.

Phytogeography

The first published note of extra-limital species in western
Oregon was made by J. C. Nelson in 1918. Using terms striking in their
immediacy, Nelson (p. 23) states that

. « « species which have been regarded as distinctively
Californian are pressing steadily northward . . . . In the
same way, species that have been considered as belonging to
the flora of the interior are continually being transported
down the Columbia, and even travelling over the low summits
of the Cascades.



Although Nelson discusses only two species which are here considered

important Western Cascade disjuncts (Gilia aggregata and Silene

campanulata glandulosa), his early recognition of the major pathways

by which disjunct species have arrived in western Oregon is noteworthy.

Two papers by Detling deal directly with floristics and phyto-
geography in the study area (1953, 1968). In a paper calling attention
to the existence of dry-adapted species in "xeric islands" in Oregon
west of the Cascade crest, Detling (1953) describes the general nature
of the islands and discusses the present and postulated past distribu-
tions of the various "xeric" plant species. "Xeric" literally means
"dry." Detling evidently uses the term only in a general sense, to
denote plants found under conditions of low moisture availability. Sea-
sonal changes in moisture in the Western Cascades render such a gen-
eral definition of little use for more detailed ecological or physio-
logical studies.

Detling (1953) plots the ranges of 32 "xeric species" on 8 moun-
tain summits of the Coast and Western Cascade Ranges. Three of these
islands (Castle Rock, Horsepasture Mountain, and Rebel Rock) are in the
present study area and now have been sampled more completely. Of
Detling's 32 xeric species, only 13 are considered of critical impor-

tance here. These are Allium crenulatum, Arabis holboellii retrofracta,

Arenaria capillaris americana, Arnica parryi, Artemisia tridentata,

Collomia linearis, Erigeron foliosus confinis, Gilia aggregata, Linum

perenne lewisii, Lupinus arbustus neolaxiflorus, Phacelia linearis,

Sedum stenopetalum, and Silene douglasii. Of the remaining, four were

misidentified (Delphinium depauperatum = D. menziesii pyramidale;
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Hackelia diffusa = H. jessicae; Hieracium cynoglossoides nudicale =

H. scouleri scouleri; Madia minima = M. exigua); three are not xeric

species, but are annuals or perennials of short growing season adapted

to either snowbed or seep-slope environments (Claytonia lanceolata,

Crocidium multicaule, Erythronium grandiflorum pallidum); and five are

not found within the study area (Lupinus lepidus medius, Poa scabrella,

Sidalcea asprella, Sisyrinchium douglasii, Viola sheltonii). Finally,

seven of Detling's species, while basically "xeric" and restricted to
rather specialized environments within the area, have proved quite wide-
spread and common in surrounding regions and cannot be considered dis-
junct in the Western Cascades, although their presence there is notable
and supports conclusions about more disjunct dryland species. The seven

species are Bromus polyanthus, Eriogonum compositum, Eriogonum umbellatum,

Microsteris gracilis, Polygonum douglasii, Prunus emarginata, and

Sanicula graveolens.

Concerning the islands themselves, Detling notes rapid erosion
as being responsible for the shallow soil depth and subsequent rapid
drainage and desiccation by wind and sun. He suggests that the dark
color of the igneous rock and associated higher heat-holding capacity
result in a longer growing season in these habitats.

Detling uses the bog-pollen data of Hansen (1947) in discussing
the warm dry climatic maximum of about 6000 years ago and concludes
that his xeric species

are relicts of a once widespread xeric flora which originated
first, in the Rogue River Valley, and secondly, on the plateaus

of east-central Oregon. They have persisted on the mountain
summits because of the arid and relatively warm conditions of
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the shallow soil and exposed dark rocks, and the consequent
freedom from competition with the surrounding mesic forest
types. (p. 46-47)
He makes no note in this paper of the boreal and arctic-alpine species
which occur with the xeric species.

In the larger context of the history of the vegetation of the
Pacific Northwest, Detling (1968) reaffirms, without major change,
portions of the Xeric Island Hypothesis. Here he summarizes the paleo-
botanical work of Axelrod, Hansen, and Heusser, discusses the migra-
tional history of western North American angiosperms from their first
appearances in the Cretaceous to the present, and describes the major
extant vegetation units.

An unpublished dissertation reporting comprehensive natural
history studies of the McKenzie River drainage has been presented by
Hopson (1947). Her lists of the major plants and vertebrates and some
of her comments on the geology of this region are helpful in under-
standing the general nature of the Cascade Ranges., Hopson reports sev-
eral disjunct plant and animal species, mostly from the Western Cascades.
The area encompassed by her work extends from the mouth of the McKenzie
River near Coburg to the summits of the Three Sisters and covers an
elevational range of over 3000 m.

Two workers have completed floristic studies in other portions
of the Western Cascades. Baker (1949a, 1951) studied the flora of
Fairview Mountain in southern Lane County where he noted a number of
disjunct xeric and a few disjunct boreal species. Unfortunately, a
significant number of Baker's species were misidentified, and voucher

specimens of many others have not been located. In addition, Baker
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(1951) claimed numerous "range extensions,'" although many of the species
concerned had been collected previously either from the Fairview-Bohemia
region or from localities still more distant from the presumed parental
populations. Despite these limitations, however, his work was the pio-
neer floristic study in the Western Cascades and is of continuing value
as the most comprehensive study of this highly diverse mountain peak.

In a more recent study of the flora of Monument Peak, Aller
(1956) defines the major community types, hypothesizes on their origins
and ecological requirements, and lists the plant species found on the
mountain., Of particular interest to the present study are his comments
on the wet Acer-Alnus community, which is a widespread feature of the
north and east-facing slopes of the Western Cascades. Aller concludes
that the factors responsible for its existence on Monument Peak include
some type of disturbance of the dominant mesic forest coupled with only
moderately steep slopes and abundant soil moisture. Aller emphasizes
the dynamism of the various Monument Peak plant communities,

Several published and unpublished papers concern the floristics
or ecology of the High Cascade Range adjacent to the area of present
interest. Roach (1952) analyzes the phytosociology of the Nash Crater
lava flows abutting the eastern side of the study area, naming and
describing various associations according to the European system (Braun-
Blanquet, 1932). An interesting outcome of Roach's work was documenta-
tion of the much greater diversity of the plant species of mesic and
hydric habitats than in drier sites in the lava flows, some of which,
according to Roach, may be as young as 400 years. The contrary is true

in the Western Cascade flora, in that more species are adapted to
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habitats that are at least seasonally dry than to all other habitats
combined.

In addition, three botanical studies have been completed in the
region of the Three Sisters. Van Vechten (1960), in an unpublished
dissertation, describes the timberline and alpine vegetation of the
area. His work is of value in relating plant communities to the gla-
cial processes which are so marked at high elevation in this region.
Pechanec (1961) sampled the mosses of the High and Western Cascades in
the latitude of the Three Sisters and found correlations between the
moss communities and the trees and other plant species of the sample
areas. Ireland (1968) published an illustrated flora with keys to the
vascular plants he found within the region.

Several papers, while not concerned directly with the study area
or its immediate environs, report studies of floristically allied areas.
Publications by Detling (1954, 1958, 1961) discuss the floras of Saddle
Mountain, Clatsop County, and the Columbia Gorge; and the ecology and
history of the chaparral formation of southwestern Oregon. In each of
these studies, species are divided into groups of geographic affinity,
which are then discussed as migrational units. The areas discussed are
among the most interesting regions in the Pacific Northwest, and numer-
ous species occur in them which are found again, as disjuncts, in the
Western Cascades.

Of minor importance to floristic considerations within the study
area are the treatments of broad vegetational units or biotic zones such

as those given in various manuals and short papers (Peck, 1925a, 1925b,
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1961; Larrison, 1946). A large number of species which Peck (1925a,

1925b) suggests are characteristic of the valleys of southwestern

Oregon or of the diverse areas of Eastern Oregon also occur in the

Western Cascades.



OBJECTIVES OF THE STUDY

The objectives of the present work can be briefly stated as
follows: '

1. to elucidate the ranges of disjunct species occurring in
the Western Cascades by analyzing the geographical, geological, his-
torical, ecological, and biélogical patterns of the species and areas;

2, to examine the processes leading to and maintaining these
disjunctions;

3. to test experimentally Detling's "Xeric Island Hypothesis"
concerning the origin of Western Cascade disjunctions;

4., to investigate the role of disjunctions in the evolutionary
history of the larger groups which have disjunct species in the Western
Cascades;

5. to arrive at a better understanding of the nature of dis-

junctions in general.

15



INVESTIGATIONS UNDERTAKEN

Observations were made and experiments were conducted on several
of the variables that might influence the distribution of Western Cas-
cade disjunct species. An attempt was made to follow a more synthetic
line of investigation than has previously been used.

Physical environments and vegetation units have been approached
in a primarily descriptive manner, although some experiments were per-
formed involving both. Other investigations centered on the various
species showing extraordinary distribution ranges. Aspects studied
include systematics, geographical and ecological distributions, dis-
persibility, pollinators, breeding systems, moisture regimes, and
phenology. Experimental studies on germination and establishment were
performed in the field and in the laboratory and included studies of
inhibition of germination and growth by soils of differing parent

materials.

16



PHYSICAL ENVIRONMENTS

Introduction

The area of the Western Cascades in which this study has con-
centrated is shown in Appendix B, p. 162. It is irregular in shape,
and the north-south axis is elongated. The latitudinal boundaries ap-
proximately coincide with N 43° 58' and N 44° 40'; while longitudinal
boundaries are W 122° 0' and W 122° 22', The region is characterized
geologically by primarily horizontal flows of andesites and basalts
which have been locally intruded by dikes and plugs. Oligocene and
Miocene flows have been gently warped, but more recent volcanic rocks
have retained their original dips (Thayer, 1939). Erosion has produced
a maturely dissected topography with numerous valleys and steep ridges,
the peaks of which stand at a remarkably uniform height of 1500 to
1700 m. Average annual precipitation ranges from 1525 mm to 1900 mm.
This is comparable to the rainfall on the immediate coast and is ex-~
ceeded in Oregon only in isolated spots in the high Coast Range or the
Cascades (Detling, 1948a, 1948b). Spring rainfall may be considerable,
but little or no precipitation falls during the summer months. In
winter the snowpack in the area may become quite deep (up to 4 m), but
on south-facing slopes and ridgetops the snow frequently melts or is
blown away. Winter air temperatures average well below freezing, al-
though temperatures under or within the snowpack are consistently
near 0° C,

17
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Physiography and Geology

Several types of observations were made on the peaks themselves,
Rock types were observed, and fresh samples were collected wherever
possible., Field relations between flows, attitudes of flows, and evi-
dences of faulting were noted but not quantified., Erosional features
were noted together with physiographic effects on the composition of
plant communities. The most significant of these findings are reported

in the following paragraphs.

Relationships of Vegetational Units to Physiography

Several vegetational units were found to be closely associated
with repeated physiographic features of Western Cascade peaks., Many of
the south or west-facing slopes have thin, easily erodable soils. In
addition, they are swept relatively clear of snow during winter and are
the first habitats to melt free of snow in spring. These slopes support
meadows which vary in cover and species composition with the amount of
runoff available through the growing season and the depth of the soil.
Such meadows were later used to help deduce erosional patterns and pat-
terns of snow accumulation.

Snowpocket areas were found frequently on the north or east sides
of ridges and in gentle depressions on the south-facing slopes. Such
areas support a characteristic flora regardless of exposure direction.

The presence of species such as Orogenia fusiformis and Dicentra uniflora

indicate heavy accumulations of snow.

Certain species were found only in association with glacial
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physiographic features. Ivesia gordonii, Polemonium pulcherrimum,

and Douglasia laevigata, all highly restricted species in the area, are

found on vertical walls or in the derived fine scree around the head-
walls of old cirques. These are all species of arctic or high alpine

derivation.

Erosional Features

Various aspects of erosional processes were investigated. Iso-
lation of various peaks was considered as a possible factor influencing
the number of disjunct species supported. Problems both of dispersal
and of reduced habitat size are greater on isolated peaks. The dominant
ridge and valley structure of the Western Cascades results in few truly
isolated mountain masses, but regions where several ridges come together
can be compared with the few peaks which do not connect with any other
by a high ridge. Three Pyramids, Crescent Peak, and Carpenter Mountain,
isolated peaks of markedly differing aspect, support 19, 14, and 13 dis-
junct species respectively. On the other hand, Iron Mountain, Horse-
pasture Mountain, Lowder Mountain, and Rebel Rock, all at or near the
junctions of major ridges, support 42, 30, 25, and 41 disjunct species
respectively. Although other factors are also important, this evidence
points toward isolation as one factor influencing the concentration of
distributionally interesting species.

Numerous small Pleistocene glaciers were an important factor in
the erosion of the Western Cascades. Steep headwalls of cirques and
associated tarns occur for example on Three Pyramids, North Peak, Echo

Mountain, Cone Peak, Browder Ridge, Lowder Mountain, and Indian Ridge.
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The largest cirques are confined to the northern or eastern slopes of
these mountains.

Certain other typical glacial features have not been observed in
the Western Cascades. Many of the glacial valleys have been deepened
by stream action since retreat of the ice, and V-shaped valleys are pre-
dominant in the Western Cascades except for the major river valleys,
which contained valley glaciers from the High Cascades. In addition,
no primary evidence of abrasion such as glacial striations have been
found in the Western Cascades.

These findings may support Thayer's (1939) proposal that the
Wisconsin ice did not advance as far in this region as did glaciers of
earlier maxima. Hopson (1946) invoked a sudden melting of glacial ice
to sluice away the striated rocks in the U-shaped White Branch Valley.
Such sluicing would, however, produce a V-shaped valley, and this hy-
pothesis does not appear tenable. In this instance, striations (if
persistent) may well be buried beneath morainal deposits and talus.
Another alternative to Thayer's proposal is that at these low eleva-
tions the Wisconsin ice would have melted much earlier than ice in higher
alpine regions to the east, allowing more time and better conditions for
weathering and erosion of the less durable glacial features.

Since many of the slopes supporting disjunct species seem to be
in rapid movement, experigents were conducted on the rates of erosion
of various types of slopes on Iron Mountain. In October, 1966, irides-
cent yellow spray paint was applied in horizontal and vertical lines at
a height of about 1.2 m to two vertical scoriaceous outcrops of differ-

ent freshness and to two slopes of unconsolidated material. One of the
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latter was a creep-slope of fragments averaging over 3 cm in diameter,
and the other was composed of fine scoria averaging less than 5 mm in
diameter. All slopes were examined after nine months and after one
year. After nine months, only occasional pieces of paint-flecked gravel
and sand were evident on the fine scoria slope. Some of these fragments
had migrated 3 m or more downslope from the original line. At the end
of one year, a thorough search recovered no painted rocks in the area.
Other surfaces did not erode so rapidly. The line on the slope
of larger unconsolidated material was still evident after one year; the
most distant pieces were found about 1 m downslope. After 21 months,
painted fragments were aligned parallel to the slope in a drainage fur-
row. This spot was found later to be covered continually with snow from
early winter until July. Lines on the vertical outcrops were still
quite fresh, except that the paint had flaked off the rock in several
spots, perhaps indicating that the rock was not covered by snow during
the winter and was alternately heated and cooled. The more weathered
outcrop had lost several small chunks of rock, amounting to approxi-
mately five percent of the total line area., Evidently all loss of
paint from the less weathered face was due to flaking. These results
demonstrate a wide range in stability of closely proximate habitats on
the same slope. Similar results were obtained using allied techniques

in British Columbia by Brink (1964).,

Stratigraphic and Structural Geology

Structural and stratigraphic investigations in the Western Cas-

cades are difficult for thevfollowing reasons: (1) the percentage of
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unweathered outcrops is very smallj (2) the individual flows seem to be
of limited extent and cannot ordinarily be followed from peak to peak;
(3) the lithology of the volcanic rocks can vary considerably, even
within a single flow, while the chemistry may remain essentially the
same; (4) the orientation of flows is difficult to determine; (5) abso-
lute dates for the rocks are not obtainable with any degree of accuracy.
Each of these points merits further comsideration.

In only one instance was a single flow observed in two separate
localities. An outstanding bright red band of scoriaceous basalt of
approximately 2 m thickness on Iron Mountain was also found, much re-
duced in thickness, on the lower slopes of Browder Ridge about 1.6 km
distant, The andesitic basalts in the region of Iron Mountain are
strongly flow-banded. According to three-point determinations they dip
to the east-southeast at 5-80. Peck and others (1964) map these flows
as a vent in the Plio-Pleistocene High Cascade volcanic rocks, but flows
throughout this area are nearly parallel and show no brecciation. Fur-
thermore, according to both Peck and others (1964) and Thayer (1939),
Plio-Pleistocene flows are not deformed but retain their original dips.
No Plio-Pleistocene volcano of the magnitude required to have produced
all these parallel flows can be postulated for this deeply dissected
areaj; and the attitudes correspond to those reported for the eastern
limb of the Breitenbush Anticline (Peck and others, 1964; Thayer, 1939).
Thus it seems likely that much or all of this region is actually com-
posed of the youngest flows of the Miocene Sardine Formation, which are
presumably the most recent rocks included in the general period of de-

formation which produced the Breitenbush Anticline. It is also possible



23

that contrary to the opinions of Peck and Thayer, some of the early
Pliocene flows may have been warped together with the Miocene and older
rocks. An angular unconformity of less than 10° between flows exposed
on the '"nigger baby," an erosional remnant on the southeast face of Iron
Mountain, may suggest that these flows are contemporaneous with the
uplift and folding of the Western Cascades, The origin of the flows is
unknown, but the latter hypothesis indicates a source area to the south-
west.

Volcanic rocks of the Western Cascades range from olivine basalts
to rhyodacites, but the few samples analyzed from the more recent flows
are primarily basaltic andesites (Peck and others, 1964). The appear-
ance of these rocks is highly variable, especially regarding color, tex-
ture, and the presence of phenocrysts, while the chemical compositions
seem, from the little work yet completed, to remain rather constant.
Hand specimens are thus difficult to identify to type.

Flows where banding is not obvious are most common and are typ-
ically exposed for only short distances, making determinations of their
orientations extremely difficult,

Some dating of Western Cascade rocks has been attempted using
fossil floras and lead radioactivity determinations (Peck and others,
1964)., Fossil leaves are known from a number of localities iﬁ the
Western Cascades, but dating by this method is highly restricted and
imprecise. Lead radioactivity dates are possible only from the dioritic
intrusives. These methods have indicated ages of more than 35 T 10
million years for portions of the Little Butte Series and of more than

25 ¥ 10 million years for the Sardine Formation (Peck and others, 1964,
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p. 40). Extrapolations from the sites where dates have been obtained
to other areas should be made only with great care. It is unlikely that
either of these techniques will aid in discovering the contact between
Miocene and Pliocene volcanic rocks in the Western Cascades, or the con-
tact between Western Cascade flows and those of the High Cascades. In-
tensive field work in the area will be necessary before these problems
can be solved.

A striking physiographic feature noted in the course of this
study is the "valley-in-valley" effect found along the western margin
of the area, especially in the valleys of Blue River, Tidbits Creek,
Canyon Creek, and Squaw Creek. In these areas the higher mountainsides
show a uniform gentle slope with a break where uniformly steeper lower
slopes begin. This effect has been caused by more rapid erosion of the
lower parts of the valleys. This rapid erosion could in turn have sev-
eral causes. Uplift, either regional or through faulting along the
eastern edge of the range as proposed by Thayer (1936), would result in
increased stream gradients and more rapidly incised valleys. Also, the
region where this effect is most striking is near the axis of the
Breitenbush Anticline, where the Sardine Formation and the Little Butte
Series are in contact over large exposed areas. The rapid erosion of
the tuffaceous Little Butte pyroclastics indicates that the break in the
steepness of these slopes may approximate the contact between the Little
Butte and the more resistant overlying flows. The last hypothesis seems

most liﬁely.
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Classification of Peaks

Methods

Forty-two peaks were sampled, of which 28, ranging from maximum
elevations of 1150 m to 1800 m, fall within the boundaries of the study
area. Five other Western Cascade peaks to the north, south, and west
were sampled for comparative purposes, as were seven lower peaks of the
High Cascade Range (1250 m to 1900 m), the Three Sister region, and
Crater Lake National Park.

For ease of presentation, these peaks have been grouped into
classes according to a set of four physiographic characteristics which
are important influences on floristic composition and vegetational
patterns (see Table I). The criteria chosen include the following:

(1) texture of parent rock; (2) proportion of peak on which outcrops
are found; (3) direction of exposure of outcrops; and (4) slope steep-
ness, with outcrop slope emphasized.

Non-rigorous manipulations of the data have shown that any given
character state is highly correlated with particular states of the other
characters, and in large part, division of the peaks into two large
classes was easy. However, since this is an artificial classification
system using only a small number of characters, certain peaks had to be
considered intermediate. The system was also used for peaks outside the
Western Cascades, although under such conditions it occasionally proved

to be misleading.
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Table I. Physiographic Features, Classification, and Number of Dis-
junct Species on 42 Western and High Cascade Mountain Peaks.
(Peaks are arranged from north to south within groups.)

Key to Symbols:

Rock Texture

pumice or scoria gravel

highly scoriaceous andesite or basalt
scoriaceous andesite or basalt

slightly scoriaceous andesite or basalt
moderately dense blocky andesite

dense blocky andesite

L wn - O

Outcrop Size

s small
m medium
1 large

Outcrop Exposure

outcrops facing various directions
outcrops facing mostly north

outcrops facing mostly east

outcrops facing mostly south and/or west

W = O

Outcrop Steepness

1 slopes relatively gentle
2 slopes moderately steep
3 slopes precipitous



Peak

Bachelor Mt.
Three Pyramids
Crescent Mt.
North Peak
Echo Mt.

South Peak
Cone Peak

Iron Mt.
Browder Ridge
Jumpoff Joe
Squaw Peak
Twin Buttes
Carpenter Mt.
Tidbits Mt.
Lookout Mt.
Frissell Point
Castle Rock
O'Leary Mt.

Horsepasture Mt,

Lamb Butte
English Mt.
Lowder Mt.
Yankee Mt.
Tipsoo Butte
Olallie Mt.
Indian Ridge
Sardine Butte
Rebel Rock

Monument Peak
Huckleberry Mt.
Fairview Peak
Bohemia Mt.
Hershberger Mt.

Grizzly Peak
Maxwell Butte
Little Nash Cr.
Hogg Rock
Hoodoo Butte
Sand Mt.
Steptoes

Three Sisters
Crater Lake

Rock

Texture
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25
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Results

Class 1 mountains include those composed of moderately to highly
scoriaceous basalt or andesite flows, and with relatively large, south
or west-facing, precipitous outcrop areas. The upper portions of these
peaks are dominated by open meadow or scree habitats rather than forest.
Class 2 mountains, on the other hand, are defined as those composed of
dense volcanic material with small, moderately steep or gently sloping
outcrops which face in a variety of directions. Class 2 peaks are usu-
ally forested, except for summit and ridgetop outcrops.

Good examples of Class 1 mountains are Three Pyramids, Iron
Mountain, Browder Ridge, and Rebel Rock. Also included in this class
are peaks which differed in one criterion by one or two of the relative
units, or in two criteria by only one unit. Such peaks are North Peak,
Echo Mountain, South Peak, Cone Peak, O'Leary Mountain, Fairview Peak,
Bohemia Mountain, and Hershberger Mountain,

Exemplary Class 2 mountains include Crescent Mountain, Twin
Buttes, Lookout Mountain, Frissell Point, Horsepasture Mountain, English
Mountain, Olallie Mountain, Sardine Butte, Monument Peak, and Huckle-
berry Mountain., Peaks included in this class which differ slightly in
one or two characters are Squaw Peak, Carpenter Mountain, Tidbits Moun-
tain, Castle Rock, Lamb Butte, Yankee Mountain, Tipsoo Butte, and Indian
Ridge.

Three peaks had to be considered intermediate in this classifi-
cation., Bachelor Mountain, while having south and west-facing outcrops

of moderately scoriaceous texture, has only an average outcrop area of
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moderate steepness. Lowder Mountain, a flat-topped peak perhaps repre-
senting an old flow surface, has precipitous outcrops of moderately
scoriaceous texture, but the cliffs encircle essentially the entire top
of the mountain and are of only moderate extent, Jumpoff Joe is a low
elevation vent in the Little Butte Series near the axis of the Breiten-
bush Anticline. It is composed of a friable breccia which weathers in
similar fashion to more scoriaceous rocks. The vent has been exposed
on the north by stream or glacial action in the otherwise rapidly
weathering Little Butte pyroclastics, accounting for the large expanse
of nearly vertical north-facing outcrop. Jumpoff Joe, with a summit at
only 1300 m, is the only peak in the study area composed entirely of
Oligo-Miocene Little Butte Series (Peck and others, 1964), which per-
haps explains its unusual erosional behavior.

Most of the lower mountains of the High Cascade Range are cinder
cones compos;a of pumice and clinkery volcanic ash rather than flows
of consolidated material., Such peaks are considered "Class 0" in this
work. Included in this category is the region of Mount Mazama surround-
ing Crater Lake, since- the denser flows of the ancient mountain have
been deeply covered with a mantle of pumice.

Table I also lists the number of distributionally interesting
species found on each mountain. Those numbers appearing in parentheses
indicate peaks which were inadequately sampled. Numbers of disjunct
species are highly correlated with peak classes. The mean number of
disjunct species on Class 1, intermediate, Class 2, and Class O peaks
are 29, 19, 12, and 8 respectively. With the present data Class 1 moun-

tains are separated from those of Class 2 at the level of 17 disjunct
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species.

Horsepasture Mountain, a Class 2 peak, is the only exception
to this statement. It supports at least 30 disjunct species and is
one of the most floristically diverse areas in the Western Cascades,
Unlike other such centers of diversity, Horsepasture Mountain has nu-
merous, small, widely-scattered outcrop and meadow areas offering a
variety of habitats. Although it must be placed with much less diverse
peaks according to the system used here, these unique aspects perhaps
explain why it is floristically more closely related to Class 1 moun-

tains.



VEGETATION DESCRIPTION

All species of vascular plants except members of the Gramineae
and Cyperaceae were recorded in the field from each major habitat on
each peak. A checklist of the species found on each of the sampled
peaks, including both those within the study area and from adjacent
regions is presented as Appendix A.

Associated groups of plants became obvious with extensive obser-
vations, but no quantitative sampling was undertaken. The vegetation
units described below consist of groups of species which recur wherever
certain physical conformations are found. The environment is thus of
great importance in defining the units, which are not "communities" in
the standard phytosociological sense. The associations intergrade,
often to a marked degree, but are the result of careful study in many

different localities within the study area.

Mesic Conifer Forest

The mesic conifer forest is most important. It covers as much
as 85 percent of the land area in the Western Cascades and is respon-
sible for most of Oregon's timber production. Although generally found
under 1350 m elevation, under certain conditions it may extend much

higher. It is dominated by Pseudotsuga menziesii. Important associated

species include Abies grandis, Tsuga heterophylla, Cornus canadensis,

Pedicularis racemosa, Chimaphila umbellata, Pyrola asarifolia, Pyrcla

31
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picta, Listera caurina, Anemone deltoidea, Montia sibirica, Senecio

harfordii, Viola glabella, Synthyris reniformis, Vaccinum parvifolium,

Streptopus curvipes, Sedum oreganum, Galium oreganum, Polystichum munitum,

Berberis nervosa, Gaultheria shallon, Rosa gymnocarpa, Tiarella unifoli-

ata, Clintonia uniflora, Smilacina sessilifolia, Arenaria macrophylla,

Dicentra formosa, and Ribes lacustre.

Dry Mixed Conifer Forest

Dominant tree species in this broadly defined vegetational unit

vary with elevation. Abies amabilis and Pinus monticola are co-dominants

in all stands. At lower elevations (about 900 m) the unit is apparently
subclimax to re-establishing Mesic Conifer Forest following fire. Here

other important tree species are Pseudotsuga menziesii and occasionally

Tsuga heterophylla. On forested ridgetops at about 1500 m elevation,

Abies procera and Tsuga mertensiana occur with Abies amabilis and Pinus

monticola. This facies of the unit appears to be climax.
Both subdivisions contain a strikingly similar understory flora,

which includes Xerophyllum tenax, Rubus lasiococcus, Coptis laciniata,

Hypopitys monotropa, Allotropa virgata, Rhododendron macrophyllum,

Gaultheria ovatifolia, and Eburophyton austinae. It is the similarity

in non-tree species that warrants the fusion of these otherwise distinct

units.,

Xeric Conifer Forest

This unit intergrades completely with the last. It is found

primarily on south-facing slopes where extensive ground fires have
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burned within the last century. Living trees show a bimodal age distri-

bution, with large old trees (mostly Pseudotsuga menziesii) having thick

fire-blackened bark on the lower portion of the trunk. Trees of inter-
mediate ages were evidently killed by the fire., Younger post-fire vege-
tation also includes douglas fir together with many species which are
characteristic of the dry hillsides within the major valleys of western
Oregon or are characteristic fire-following species. They include

Libocedrus decurrens, Abies grandis, Castanopsis chrysophylla, Arbutus

menziesii, Ceanothus velutinus, Ceanothus integerrimus, Quercus garryana,

Rhus diversiloba, Rhododendron macrophyllum, Arctostaphylos columbiana,

Rubus ursinus, Penstemon cardwellii, and Hieracium albiflorum.

Lowland Xeric Meadow

Especially in the region of the South Fork of the McKenzie River,
clearings and meadows associated with the Xeric Conifer Forest contain
a large number of species characteristic of the dry hills and fields
within the Willamette Valley and other major valleys in western Oregon.
Although their occurrences in the Western Cascades are disjunct and note-
worthy, most of the components of this association do not occur with
those disjunct species found at higher elevations and have not been
treated in detail in this study. This grassy meadow association is not
found above 600 m, except on Castle Rock, where it reaches 1000 m and is
confined to dry south-facing slopes. Such areas often support scattered

trees of Quercus garryana, Arbutus menziesii, and Philadelphus gordonianus

lewisii; and shrubs such as Rhus diversiloba, Ceanothus sanguineus, and

Ribes sanguineum. The dominant perennial herbs include Brodiaea
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hyacinthina, Brodiaea pulchella, Berberis aquifolium, Psoralea physodes,

Convolvulus nyctagineus, and Apocynum androsaemifolium. Annuals are

abundant, including many species of grasses, Polygonum spergulariaeforme,

Clarkia rhomboidea, Clarkia amoena, Linanthus bicolor, Orthocarpus

attenuatus, Githopsis specularioides, Conyza canadensis, Madia gracilis,

and Madia exigua.

Boreal Forest

The above name is borrowed from Detling (1968) and is here de-
fined as that phase of the forest vegetation that is typically found at
high altitudes (over 1500 m) on north-facing slopes, where dense stands
of small trees are often encountered. Dominant tree species include

Tsuga mertensiana, Abies lasiocarpa, and Chamaecyparis nootkatensis,

with a sparse herbaceous flora of Arnica latifolia, Pedicularis bracteosa

flavida, Valeriana sitchensis, and Viola orbiculata. Snow cover in such

communities is always heavy and lasts until midsummer or later.
Snowbed

Beneath north-facing outcrops or on steep open slopes, as well
-as in certain wind-protected sites on south or east-facing slopes, snow
accumulates to great depths in the winter, often exceeding 8 m. Nuger-
ous species, mostly of high alpine or boreal affinity, flower and rapidly

set seed and desiccate at the edge of these snowbanks as they melt.

Such species include Orogenia fusiformis, Dicentra uniflora, Claytonia

lanceolata, Erythronium grandiflorum pallidum, Luetkea pectinata,

Mertensia bella, and occasionally wider-ranging species such as Trillium
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ovatum, Senecio triangularis, and Hydrophyllum occidentale.

Peaty Melt Seep

A continually wet habitat of gentle or level slope where snow-
melt or spring water trickles throughout most of the supper supports
several species characteristic of true sphagnum bogs, which are rare in
the Western Cascades. A similar environment has been found on the sedge
mat surrounding small tarns at elevations above 1600 m. Characteristic

species of this habitat include Dodecatheon jeffreyi, Pedicularis

groenlandica, Trifolium longipes, Boykinia major, Caltha biflora,

Habenaria dilatata, Stenanthium occidentale, Ranunculus alismaefolius

alismellus, Drosera rotundifolia, Kalmia polifolia, and Tofieldia

glutinosa.

Rocky Melt Seep

Occasionally snowmelt trickles over outcrops, especially on
south-facing slopes where the thin soil characteristic of non-forest
habitats in the Western Cascades has eroded away in response to fires
and frost action. Unlike Peaty Melt Seeps, these habitats typically
desiccate shortly after midsummer, and plants found here tend to be
ephemeral annuals or stoloniferous perennials with ephemeral above-
ground parts. Such plants can survive the dry season in dormant con-

dition. Prominent species include Dodecatheon jeffreyi, Romanzoffia

sitchensis, Lewisia triphylla, Mimulus breweri, Mimulus guttatus,

Polygonum kelloggii, Linanthus harknessii, Allium amplectens, Saxifraga

integrifolia, Saxifraga occidentalis rufidula, and Gayophytum humile.
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Wet Meadow

Open areas, frequently on east-facing slopes, which have rela-
tively constant sources of moisture and sufficiently gentle slopes to
build up a relatively deep organic soil support a characteristic wet

meadow flora, Dominated by Veratrum viride, Senecio triangularis, and

Valeriana sitchensis, this association also includes Ribes bracteosum,

Rubus spectabilis, Mitella breweri, Ligusticum grayi, Mertensia bella,

Hydrophyllum fendleri albifrons, and Hydrophyllum tenuipes. Much of

this association is repeated around the borders of larger boggy areas,
such as Quaking Aspen Swamp or the Potholes. This phase grades into the
Peaty Melt Seep community discussed above. Another phase of this asso-

ciation is dominated by Acer circinatum and Alnus sinuata, which fre-

quently form dense thickets of small tangled trunks and branches on the
steeper wet slopes throughout the Western Cascades. Most of the species
mentioned above can be found around the edges of a maple or alder thicket
or under its canopy. It is notable that these two tree species are also
found in much less abundance on open slopes supporting Mesic or Xeric

Meadow communities.,

Mesic Meadow

The factors responsible for the maintenance of the remarkable
open meadow slopes in the Western Cascades are not clear but doubtless
include fire, heavy snowpack, occasional snow- and landslides, rapid
downslope creep of the light loamy soil, and the churning and cutting

action of rodents, especially Aplodontia rufa. Occasionally saplings

seem to be establishing in these habitats, but not in sufficient numbers
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to allow the conclusion that succession is returning such areas to
forest. This community, while normally encountered on south or west-
facing slopes, has an adequate supply of moisture until shortly past
midsummer when the drier patches begin to desiccate, Most of the asso-
ciated species are herbaceous perennials which have adequate time to
set seed during the warm moist part of the early summer. The stems of
many of them are brown and withered by August. Mesic Meadows are dom-

inated by Rubus parviflorus, Pteridium aguilinum, and Rudbeckia occi-

dentalis but also include such herbaceous perennials as Aquilegia

formosa, Erigeron aliceae, Lupinus latifolius columbianus, Ribes binom-

inatum, Ribes viscosissimum, Polygonum phytolaccaefolium, Cirsium

centaurea, Mertensia paniculata, Dicentra formosa, Vicia americana

truncata, and Epilobium angustifolium, together with occasional ephem-

eral annuals such as Galium bifolium and Gayophytum humile, which grow

in the shade of the taller perennials.

Subalpine Xeric Meadow

Between the Mesic Meadows and dry, rocky, surrounding areas,
especially on Class 1 peaks, is found a loose association of species
many of which have disjunct ranges. In this habitat soils are much
thinner and rockier than those of the Mesic Meadow, and moisture stress
increases earlier in the season. Few of these species are ephemeral;
rather they are capable of sustaining high moisture tensions in their
stems until very late in the summer. Other species, mostly herbaceous
perennials, die back earlier in the season. Representative species

are Gilia aggregata, Collomia linearis, Gayophytum diffusum parviflorum,




38

Orthocarpus imbricatus, Luina stricta, Polygonum minimum, Polygonum

douglasii, Polygonum cascadense, Navarretia divaricata, Lupinus arbustus

neolaxiflorus, Linum perenne lewisii, Eriogonum nudum, Microsteris

gracilis, Collinsia parviflora, Potentilla glandulosa, Cerastium arvense,

Artemisia ludoviciana latiloba, Calochortus lobbii, Rumex acetosella,

Pachystima myrsinites, Amelanchier alnifolia semiintegrifolia, and

Phacelia heterophylla.

Fine Gravel Scree

This community is continuous with the Xeric Meadow on Class 1
mountains and supports, in lower densities, many of the species that are

common in that habitat, as well as others such as Lotus nevadensis

douglasii, Chrysothamnus nauseosus albicaulis, Allium crenulatum, Ivesia

gordonii, Trifolium productum, Aster gormanii, Crepis occidentalis,

Sedum oregonense, and Sanicula graveolens. In this community plants are

characteristically widely dispersed with much intervening bare substrate
which is in rapid movement downslope. The community, consisting pri-
marily of disjunct species, is confined to ridges of rapidly weathering
scoriaceous material which are oriented nearly perpendicular to the

prevailing northwesterly winds.

Boulder Creep Slope and Qutcrop Ridge

Although these two habitats are physically different, they sup-
port many of the same species and so are considered together in this
treatment. The Boulder Creep Slope is normally south or west-facing

and consists of weathered rock fragments in a fine loamy matrix, the
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whole moving downslope at moderate speed. Drainage is good, and the
soils are typically quite dry through the first 10 cm but may be moister
below that level. The Qutcrop Ridge habitat is also found on south or
west-facing slopes, where mass wasting of small fragments results in
cropping out of small patches of parent rock which are barely exposed
and eroded parallel to the general slope of the area. Many species are
able to root in the weathered cracks of the outcrops or in occasional

small pockets of finer material. Included are Delphinium menziesii

pyramidale, Castilleja hispida, Penstemon procerus brachyanthus, Sedum

stenopetalum, Sedum divergens, Eriophyllum lanatum, Arctostaphylos

nevadensis, Haplopappus hallii, Silene douglasii, Cheilanthes siliquosa,

Cheilanthes gracillima, Comandra umbellata, Lomatium martindalei,

Sanicula graveolens, Eriogonum umbellatum, Eriogonum compositum,

Juniperus communis saxatilis, Erigeron foliosus confinis, Penstemon

deustus, Arenaria capillaris americana, Erysimum asperum, Antennaria

rosea, Phacelia heterophylla, Anaphalis margaritacea, and Penstemon

cardwellii, Occasionally these plants are found on ridgetop deflation
armor flats where frequent high winds carry away finer soil particles,

leaving an impervious pile of weathered rock fragments.

Blocky Talus

Below cliffs on high north-facing slopes of Class 2 mountains,
Western Cascade andesites weather into large rectangular blocks which
form extensive talus piles. This phenomenon has been found only on the
north sides of peaks composed of relatively dense parent rock. Vegeta-

tion is sparse in these areas, but it is quite constant. Plant species
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include Sambucus racemosa pubens arborescens, Acer circinatum, Thalictrum

occidentale, Aquilegia formosa, Cardamine integrifolia sinuata, and

Campanula rotundifolia.

Vertical OQutcrop

On dikes, cirque headwalls, or other erosional surfaces that are
steep or vertical, slow weathering produces crevices and pockets that
provide some protection from excessive wind and heat. Adapted to these

exposed environments are Saxifraga bronchialis vespertina, Penstemon

rupicola, Selaginella wallacei, Erigeron cascadensis, Polemonium pul-

cherrimum, Douglasia laevigata, Castilleja rupicola, Saxifraga cespitosa,

Heuchera micrantha, and Polypodium hesperium. Certain of these species,

such as Saxifraga bronchialis verpertina, Douglasia laevigata, and

Castilleja rupicola, are found only on the windward sides of the out-

crops. If the outcrop is oriented 60 degrees or more to the prevailing
winds, they are not likely to be found at all. This association is

restricted to Class 1 peaks.



INVESTIGATIONS ON SPECIES WITH UNUSUAL DISTRIBUTIONS

Systematics

Since determination of the range of a taxon requires an uncom-
promisingly distinct impression of the range of variation allowable
within that taxon, detailed studies of herbarium specimens and compar-
isons with the available taxonomic literature were undertaken in a
number of instances. In even the most ambitious of these studies, the
results are not monographic in scope but represent better syntheses of
the taxonomic and evolutionary knowledge of these species than is avail-
able in present literature. These studies have shown that many of the
Western Cascade disjuncts are characterized by complex and poorly under-
stood intra- and interspecific relationships., More detailed information
on materials and methods and taxonomic treatments of the species are

given in Appendix B.

Geographical Ranges

With the discovery of a number of species new to the Western
Cascades, it was considered desirable to document thoroughly the known
ranges of all these species and to attempt to locate all populations of
these plants within the study area. Nine West Coast herbaria were
sampled, and the study area was sufficiently traversed.to locate by far
the largest portion of the interesting populations., In the herbarium

sampling label information was copied from all Oregon Cascade specimens

41
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and others representing the complete range of documented localities.
Voucher specimens from new and previously known localities collected
during the course of this study have been deposited in the Herbarium
of the University of Oregon. They were taken for all species showing
unusual distribution patterns from all their major habitats on all the
peaks sampled. In addition, range information was gathered. from mono-
graphic treatments and from local and regional floras. The herbaria
sampled and the completed dot distribution maps are found in Appendix
B. Table II contains a summary of the geographical information found
in Appendix B,

Also given in Table II for reference is the number of localities
for each of the disjunct species now known from the entire Western Cas-
cade Range and the number of these localities visited during the present
study. These numbers show that the area has been poorly botanized over
the last 100 years: 87 percent of the known disjunct species localities

are ones discovered or visited during this study.

Ecological Ranges

Also presented in Appendix B are qualitative observations on the
ecology of the distributionally interesting species both in the Western
Cascades and, insofar as could be determined, in their more typical as-
sociations., Field observations were the most important source of infor-
mation, but studies of floristic literature and herbarium labels were of
some help, especially in determining the nature of typical habitats for
the species in other regions. In the study area observations were made

on aspects of the environment and the relationships of interesting
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Table II. Aspects of the Distribution and Ecology of Western Cascade
Disjunct and Endemic Species.

Key to Symbols:

Associations (listed in order of importance for each species)

MF Mesic Forest
CF Dry Mixed Conifer Forest
LXM Low Elevation Xeric Meadow
WM  Wet Meadow
MM  Mesic Meadow
SXM Subalpine Xeric Meadow
GS Fine Gravel Scree
OR  Outcrop Ridge
BC Boulder Creep Slope
RMS Rocky Melt Seep
S Snowbed
BT Blocky Talus
VO Vertical Outcrop
(see p. 31-40 for more complete descriptions)

Growth Form

EA  ephemeral annual

PA  persistent annual

LA late-blooming annual

EP  ephemeral perennial

PP  persistent herbaceous perennial
S shrub

1k tEee



Southern and Eastern Element

Selaginella scopulorum
Pinus ponderosa

Arabis platysperma howellii
Linum perenne lewisii
Gayophytum humile

Linanthus harknessii
Navarretia divaricata
Monardella odoratissima
Penstemon deustus

Mimulus breweri

Castilleja pruinosa

Galium bifolium

Lonicera conjugialis
Chrysothamnus nauseosus albicaulis
Nothocalais alpestris

Southern Element

Cheilanthes siliquosa

Allium crenulatum

Arenaria pumicola

Silene campanulata glandulosa
Cardamine integrifolia sinuata
Ribes binominatum

Ribes erythrocarpum
Trifolium productum
Trifolium howellii

Mimulus pulsiferae

Erigeron foliosus confinis
Crepis occidentalis

Eastern Element

Populus tremuloides

Polygonum kelloggii

Lewisia triphylla

Arabis holboellii retrofracta
Horkelia fusca

Associations

OR
GS
S,O0R
SXM, OR
RMS , MM
GS,SXM,RMS
GS,SXM,RMS
BC,SXM,OR
BC,OR

RMS, GS ,MM, SXM

OR, BC
MM
CF,SXM,BC
GS,O0R
MM, SXM

BC,OR, SXM
GS
OR, BC
OR
BT
MM, MF
MF, S
GS,OR
MF, WM
RMS,GS , OR
OR,BC
GS

MM
RMS, OR
RMS, S
OR,BC
SXM, S

Growth Form

PP
EP
PP
PP
PP

PP
PP

PE
PP

EA
EP
PP
PP

No. Western Cascade
Populations Observed

—
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Total Known Western
Cascade Populations
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Table II - continued

Lathyrus lanszwertii aridus
Gayophytum diffusum parviflorum
Gilia aggregata

Collomia linearis

Gentiana calycosa n. subsp.
Pterospora andromedea
Cryptantha affinis

Helianthus cusickii

Artemisia ludoviciana latiloba
Artemisia tridentata

Arnica parryi

Microseris nutans

Crepis acuminata

Northern Element

Polystichum andersonii
Chamaecyparis nootkatensis
Arenaria capillaris americana
Sedum divergens

Hydrophyllum fendleri albifrons
Orogenia fusiformis
Rhododendron albiflorum
Menziesia ferruginea
Douglasia laevigata

Mertensia bella

Castilleja rupicola

Lonicera utahensis
Haplopappus hallii

Luina stricta

Alpine Element

Polygonum newberryi
Spraguea umbellata
Arenaria rubella
Luetkea pectinata

Associations

GS,OR,CF
SXM
SXM,6S,0R
SXM
MF , WM
MF,CF
SXM,MM
OR,MM, CF
SXM
SXM,CF,OR, BC
SXM, CF
SXM,GS
OR

WM
OR,MF
OR,BC

BC,OR,GS
WM, MM

S
MF , WM
MF ,MM
VO,O0R

WM
vO,O0R
RMS, S
OR,BC
MM

S,GS
65,8
VO
S,GS

Growth Form

PE

PP
PP
PP

PP

PP
PP
PP
EP

PP
EP
PP

PP

PP
PP
PP
PP

No. Western Cascade

Populations Observed

— =
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45

Total Known Western
Cascade Populations
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Table II - continued

Ivesia gordonii
Polemonium pulcherrimum
Linanthastrum nuttallii
Erigeron compositus

Valley Element

Populus trichocarpa

Quercus garryana

Polygonum spergulariaeforme
Convolvulus nyctagineus
Plagiobothrys scouleri

Widespread Element

Polygonum douglasii

Polygonum minimum

Silene douglasii

Sedum stenopetalum

Lupinus arbustus neolaxiflorus
Lotus nevadensis douglasii
Phacelia linearis

Endemic Element

Polygonum cascadense
Aster gormanii
Erigeron cascadensis

Associations

GS,OR

VO
OR,VO0,GS
. OR,GS,BC

BT
LXM, OR
LXM
LXM,GS,BC
GS, SXM

SXM,GS
SXM,GS
OR,BC

BC,OR,GS, SXM
SXM,GS

GS,OR,BC
OR,GS, SXM

SXM,GS
GS,0R
VO,O0R,GS

Growth Form

PA
PP
PP

No. Western Cascade
Populations Observed

a7 S o 15

= Wwwds s
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Total Known Western

v w e Cascade Populations

tok Caln)

(Wash.

=N e

36
22
18
30
22

19

10



47

species to the rest of the vegetation. Some of these findings are
presented in the preceding section on vegetation as well as in Appendix
B. Table II presents growth forms of the species and the associations

in which they have been found in the Western Cascades.

Dispersibility, Pollinators, and Breeding Systems

Since breeding systems have been shown to be important in estab-
lishing (Baker, 1956) and maintaining (Carlquist, 1966a) species popu-
lations after long-distance dispersal, observations were made in the
field on various mechanical adaptations for dispersal, on pollinators
noted visiting the various species, and on floral morphology, size,
color, and display to possible pollinators. The results are presented
in Table III, together with the kind of breeding system suggested by
the behavior of each species. It should be stressed that the proposed
breeding systems are not supported by experimental evidence but are
deductions from the trends compiled by numerous other workers. In
general, small-flowered species which always set seed are presumed to
be self-fertilizing, while large-flowered forms which are regularly
visited by animal pollinators are concluded to be at least partially
outcrossing. Because modal apomixis % often a difficult reproductive
method to deduce, it is suggested in Table III only for forms which
produce little or no pollen.

Among the dispersal adaptations noted were vegetative reproduc-
tion by fragmenting stems which root at the nodes; prickly, bur-like
leaves; tumble-weed-like, disarticulating flower heads that are blown

by the wind, scattering seed; winged, disarticulating flowers that
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Table III. Dispersal Adaptations, Pollinators, Seed Set, Floral Mor-
phology and Exposure, Probable Breeding Systems, and Number of
Western Cascade Localities of Disjunct and Endemic Species.

Key to Symbols

Dispersal Adaptations Pollinators
1 vegetative reproduction: 0 none
fragmenting stems W wind
2 prickly, bur-like leaves D Diptera
3 tumbleweed inflorescences L Lepidoptera
4 winged, disarticulating flowers H Hymenoptera
5 spiny, bur-like calyces C Coleoptera
6 explosive fruits B  hummingbirds
7 spiny berries
8 bird-eaten berries
9 fruits with hooked spines Flower Exposure
10 pappus or coma: wind-blown fruits
11 wind-blown spores CC completely concealed
12 spiny-tuberculate seeds PC partly concealed
13 winged seeds EX fully exposed
14 1light, minute seeds
15 large, heavy seeds
16 glutinous seeds Flower Color
G green
Spopophyll Exsertion GW greenish-white
GP greenish-pink
0 no perianth W white
CL flowers cleistogamous P pink
IN stamens and style completely included L lavender
SI stamens and style slightly included V violet
EX stamens and style exserted BL blue
Y yellow
S salmon
Proposed Breeding Systems R red
M maroon
A apomictic BR brown
SF probably self-fertilizing
SC probably self-compatible, but
partially out-crossing Flower Size
OC probably mostly out-crossing
SI probably self-incompatible d diameter
h diameter of head
L length

(all measurements in mm)
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Southern & Eastern Element
Selaginella scopulorum 1,2 = = = - = - SC
Pinus ponderosa 13 W - - = = - ocC
Arabis platysperma
howellii 13 0 EX EX \% 5d 80- SC
Linum perenne lewisii - 153" B,L.,H EX EX BL 35d 90+ ST
Gayophytum humile 0 0 EX EX W 2d 100 SF
Linanthus harknessii 0 0 EX IN W 1d 80+  SFE
Navarretia divaricata 16 0 EX EX W 1d 80+ SF
Monardella odoratissima 0 H EX EX L 14h ? 0C
Penstemon deustus 0 0 EX IN L 12L 90+ 0C
Mimulus breweri 14 0 EX IN \Y 3d. 100 SF
Castilleja pruinosa 13 0 EX IN R 23T . oC
Galium bifolium 9 0 Ce -~ EX G 1d 100 SF
Lonicera conjugialis 8 0 PG IN M JL - 8UE TS
Chrysothamnus nauseosus
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Southern Element
Cheilanthes siliquosa LT = - - - - = SC
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Silene campanulata
glandulosa 12 H,C EX IN GW 11d ? 0oC
Cardamine integrifolia
sinuata 6 0 EX T EX L 10d 80- sSC
Ribes binominatum 7 0 PC ST GW 6d 80+ 1 SC
Ribes erythrocarpum 8 0 EX ~EX S 5d 30+ 00
Trifolium productum 4 0 EX IN L 10L 50 SC
Trifolium howellii 4 0 EX IN W 10L ? SC
Mimulus pulsiferae 0 0 EX IN ¥ 5d 2 SC
Erigeron foliosus
confinis 10 L,H EX EX % 20h SO+ =06
Crepis occidentalis 10 L EX S EX Y 22h . Gk A
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Table III - continued
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Lewisia triphylla 3 BGC EX EX B 6d 100 SC
Arabis holboellii
retrofracta 6 G EX EX L 5d 90+ SC
Horkelia fusca ot DG EX © 'EX W 8d ? oC
Lathyrus lanszwertii
aridus 0 0 PG . IN L 108, 72 ?
Gayophytum diffusum
parviflorum 0 0 EX EX W 3d 100 Sc
Gilia aggregata 16 B EX EX Re “UZ0L - 90+ &8551
Collomia linearis 0 0 EX. ST P 12L ? SC
Gentiana calycosa n. subsp. O 0 EX. ST - BL:i50di SO H- O
Pterospora andromedea 13 0 EX IN BR 6d 100 SF
Cryptantha affinis 5 0 PC IN W 1d 100 SF
Helianthus cusickii 0 L EX - “EX Y 65h ¥ S1?
Artemisia ludoviciana
latiloba 0 w? EX EX 3 § 4h ? SI?
Artemisia tridentata 0 W? EX U EX Y 4h ? SI
Arnica parryi 10 0 EX EX X 10h 100 A?
Microseris nutans 10 L EX EX ¥ 20h = B80ETOG
Crepis acuminata 10 L EX . BX Y 16h ? SI
Northern Element
Polystichum andersonii 11 - - - - - - SC
Chamaecyparis nootkatensis 0 1) - - - - - ocC
Arenaria capillaris
americana gaaen, C EX EX W 10d 3 oC
Sedum divergens 1age - L,H EX ' EX Y 9d 90+ 400
Hydrophyllum fendleri
albifrons 15 0] PC EX . GW 9d 20 NS
Orogenia fusiformis 0 C PC. - SEX W 12h - SCEFSNSE
Rhododendron albiflorum 0 0

EX EX W 25d i’ oC



aik

Table III - continued

~ &
b a0 ol
g L
9 & G “
g - o — — N o /M
o o — g o o n
ol B, Mow o Ew O G S
o H = Du au - N N O F
B o ef B3 % 8 Se il
g3 5 gnogr °ouD EEES
<A A B 2 2 = A
Menziesia ferruginea 0 0 PC IN GP 6d 9040 e
Douglasia laevigata 0 0 EX IN v lé6d 60+ OC
Mertensia bella 12 H BC IN BL 6d 80+ SC
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Polygonum newberryi 0 0 PC IN GW 3d ? SF
Spraguea umbellata 4 0 EX IN P 30h ? SF
Arenaria rubella 0 D BX o EX W 4d i SC
Luetkea pectinata 0 0 EX EX W 7d ? oC
Ivesia gordonii 3 L EX EX b 4 6d 50- oC
Polemonium pulcherrimum e e EX EX  BL 15d 20- OC
Linanthastrum nuttallii 0 0 EX IN W 12d ¢ oC
Erigeron compositus 10 0 BX S TEX W 14h 80+ 062
Valley Element
Populus trichocarpa 10 W PC 0 G 6L 0C
Quercus garryana 0 W ¢e 0 G L5) e 0C
Polygonum spergulariaeforme O D PG - EX P 4d ? SC
Convolvulus nyctagineus e . Dy G EX SI W 40d ? oC
Plagiobothrys scouleri L 0 EX IN W 1d ? SF
Widespread Element
Polygonum douglasii 0 0 PG " GL 'GP 4d 100 SF
Polygonum minimum 0 0 PC EX P 2d 100 SF
Silene douglasii 12 % el C EX IN W 14d 9O E
Sedum stenopetalum 1 iy H EX EX Y patud 0 A
Lupinus arbustus
neolaxiflorus 0 H BEXt SrTNG B LLL 903 S0
Lotus nevadensis douglasii 0 H EX IN Y leL: - 9GESEESE
Phacelia linearis 0 0 X GEX W 10d ? oC
Endemic Element
Polygonum cascadense 0 0] PG EX P 2d 100 SF
Aster gormanii 10 0 EX EX W 20h 40+ ?
Erigeron cascadensis 10 L EX EX W 14h 80+ 0C2?
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might be wind dispersed; spiny, bur-like calyces; somewhat explo;ive
siliques; spiny, bur-like berries; red, bird-eaten berries; bur-like
nutlets with hooked spines; fruits or seeds with plumed appendages
such as pappus or coma for wind dispersal; windblown spores or light
minute seeds; and spiny-tuberculate, winged, or glutinous seeds. Sev-
eral species showed the evidently negative dispersal adaptation of
large, heavy, unpalatable seeds. This characteristic is also noted
in Table III.

Some species of quite limited distribution could not be observed
long enough in the field to see visits by pollinators. Such species

include Arabis platysperma, Luetkea pectinata, Rhododendron albiflorum,

Douglasia laevigata, Gentiana calycosa n. subsp., Linanthastrum

nuttallii, Phacelia linearis, Castilleja pruinosa, Castilleja rupicola,

and Nothocalais alpestris. Insect visitors are reported here only to

order although more specific identifications were made for some Lepidop-
tera, Hymenoptera, and Diptera. All major groups of temperate polli-
nators were encountered, but the most abundant and frequently seen were
unidentified small beetles, which spend considerable time within a
single flower and are often found in rather large numbers. The only
evidently obligate relationship between a disjunct plant and pollinator

involved Gilia aggregata, a polemoniaceous species with scarlet tubular

flowers, and the rufous hummingbird, Selasphorous rufus. Females of

other hummingbird species may also visit G. aggregata in the Western
Cascades, but they could not be differentiated from S. rufus in the
field., G. aggregata ranges throughout most of the Western United States

and undoubtedly is pollinated by other species of hummingbirds in
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other parts of its range., It has not been shown conclusively in this
study that any of the observed visitors actually effect either cross
or self-fertilization, although at least in the case of the larger
more attractive visitors a considerable amount of cross pollination
can be assumed.

The most striking feature of Table III is the evident range in
breeding systems represented by Western Cascade disjunct species. The
range in adaptations for dispersal, pollinators, and breeding systems
for disjunct species seems to be quite comparable with that of the
Western Cascade flora as a whole. The presently available evidence
thus indicates that type of breeding system has been of no general
significance either in establishing or maintaining Western Cascade
disjunct populations. This may in turn argue for relatively easy,
repeated dispersal to the area. Sixty percent of the species have

specific adaptation for such dispersal.

Moisture Regimes and Phenology

The present hypotheses concerning the presence of disjunct
species in the Western Cascades implicate the moisture tolerances of
the disjunct plants or the cycle of moisture availability in the areas
where these species are concentrated. An attempt was made to gather
biologically significant data, using a sap-tension pressure-chamber,
from a number of species that might help test these ideas, especially
Detling's '"Xeric Island Hypothesis." Iron Mountain was chosen to
sample intensively, because of its diversity of habitats and disjunct

species and its accessibility. Some additional corroborative
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information was collected on Sardine Butte and in Crater Lake National
Park. A great deal of information on variability within species, among
species, among habitats, and with time was obtained from these studies.
The results have elucidated the range of stresses encountered under
various conditions and have indicated different kinds of adaptation to
seasonally increasing moisture stress. In addition, it has been shown
that there is no reasonable a priori way of defining xeric and mesic
localities or xeric and mesic species. Such definitions must always
refer to the functional enviromment of the individual plant or at most

to members of a species population within a given habitat.

Literature Review and Methods

Moisture stress data were obtained using the sap-tension
pressure-bomb devised by Scholander and others (1965) to measure in
an almost direct fashion the water tension in the xylem cells of
plants. Scholander's simple but elegant technique involves cutting
the stem to be measured, sealing it in a pressure-chamber with the
cut end exposed to the atmosphere, and opposing the original temsion
in the stem with a positive gas pressure applied through the stomata
of the leaves. When the applied pressure is equal to the original
tension, an equilibrium state is produced, and sap reappears at the
cut surface of the stem. Scholander and his colleagues performed
studies on the sap tension of various plants as related to habitat,
height, and parasitism, finding low tensions in all herbs and ferns
(those measured were confined to damp forest or fresh water environ-

ments) and high tensions in the trees and shrubs of desert and
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seashore environments. Tensions in trees increase with height, and

parasites of the genera Phoradendron and Phrygilanthus were found

without exception to have higher tensions than those found in their
hosts., 1In addition, Scholander presents a theoretical model showing
that the equilibration pressure is, in fact, equal and opposite to
the hydrostatic pressure in the xylem of the intact stem.

The data of Boyer (1967) support Scholander's model. Boyer
compares the water potential of leaves as measured by a thermocouple
psychrometer with the water potential of the xylem cells as measured
with a pressure-chamber, He used greenhouse cultures of Taxus

cuspidatus, Helianthus annuus, and Rhododendron roseum. Although

Boyer found that configuration of the tissues in the stem may be

responsible for considerable error in some cases, as in Rhododendron,

he reports accuracy of the pressure-bomb technique within about two
atmospheres.

Boyer states that the pressure-chamber technique actually
measures leaf water potential and not tension in the xylem. However,
if the various tissues of the leaf are in equilibrium with regard to
diffusion pressure deficits, the two measures will be identical.
There is no theoretical reason to assume that mesophyll cells and
vascular tissue in the leaf would not be in moisture equilibrium, and
Boyer found no differences, even in rapidly transpiring material.
Thus, it can be assumed reasonably that pressure-bomb readings are
measurements of negative hydrostatic pressure within the water con-

ducting tissues.
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Scholander and others (1965) have shown that initial xylem exu-
dates from a wide variety of species, including extreme halophytes, are
almost pure water, leaving hydrostatis tension as the only component
of the xylem diffusion pressure deficit. Boyer (1967) found somewhat
higher osmotic potential in the xylem sap, but he used exudate from
tissues which had previously been pressurized. It is possible that
some damage was incurred by mesophyll cells during the first pressur-
ization and that later exudate actually represents a mixture of xylem
and cell saps.

Waring and Cleary (1967) found good correlation between water
stress in twigs of douglas fir as measured by the pressure-bomb and
the water potential of associated leaves determined by a vapor equi-
libration technique. These findings add experimental support to
Scholander's model. Waring and Cleary also report on field studies
of coniferous species in southwestern Oregon. ‘A moisture gradient
responsive to exposure and soil type is described. Reported differ-
ences among the various coniferous tree species in the same stand are
small once root systems are well established.

A portable model of Scholander's pressure-bomb was used in this
study. The model was designed by B. D, Cleary at the Oregon State
Forest Research Laboratory, Corvallis.

Over 1000 readings were made with the instrument during the
summer of 1967. No rainfall was recorded in the study area during
this time, and almost every day was clear and sunny, resulting in un-
usually high and continued water stresses and accompanying extreme

fire danger. Since a large number of readings was desired, specimens
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were cut and sealed immediately in plastic bags, kept out of direct
sunlight, and returned to a convenient location to be measured using
standard large cylinders of compressed nitrogen. After the initial
cutting, stems were not recut, but phloem was trimmed (except for
small annuals), the stems were fitted into slits in rubber stoppers
and sealed into the pressure-chamber with one cm or less of the stem
protruding into a normal atmosphere. Pressure in the chamber was
slowly raised, at a rate of about 0.6 atmospheres per second. Gas
flow was stopped and the gauge pressure read when the cut xylem dark-
ened as the tracheids or vessels filled with sap. The pressure was
then released and the measured stem was discarded. A broad ecological
and taxonomic spectrum of plant species was studied using the pressure-
bomb method, and several more or less distinct sources of variation in

readings were encountered. They are described and exemplified below,

Variation with Time after Cutting

Since the above method required occasional long intervals be-
tween cutting the stems and measuring the sap tension, the error intro-
duced by this delay was determined for several species of different
growth habit (Figure 1). In the first such experiment, 20 stems from

one large tree of Pseudotsuga menziesii were cut, divided into four

groups, and sealed into one-pint plastic bags with most of the air
expressed. Each group of stems was measured at approximate half-hour
intervals, the first being read about 15 minutes after cutting. F
tests between the means demonstrate no significant differences in

readings taken immediately and two hours after cutting.
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After discovering that the bagging method would often entail
delays of longer than two hours, additional experiments were performed.

Stems representing populations of Ribes binominatum, a perennial shrub;

Gilia aggregata, a biennial herb; and Polygonum douglasii, a small

annual, were collected in a similar manner in the early afternoon of
a sunny day. Four bags of stems were kept shaded at ambient temper-
ature, and one was left on open ground in full sun until sunset.
Shaded bags were measured at irregular intervals averaging longer than
one hour, and the last shaded bag and that left in the sun were meas-
ured together about seven hours after they were collected--a much
longer delay than was necessary in other experiments.

In groups of stems left in the shade, differences between ini-
tial and final samples were not significant as determined by an F test
between the means. Bags of stems left in the sun were coated internally

with condensed moisture, but for Ribes binominatum and Gilia aggregata

pressure bomb readings fell well within the range of the shaded samples.

Only in Polygonum douglasii did treatment of the cut and sealed stems

result in obviously different readings. Although the highest readings
for the experiment came from shaded stems measured early in the experi-
ment, the moisture tension in sun-treated stems averaged much higher,
indicating that they had lost considerable water. It seems likely

that the difference between the two perennials and the annual resulted
from the relative masses of the stem pieces, indicating that Polygonum
douglasii lost relatively more moisture to the air which remained in
the plastic bag. Also pertinent is the fact that the annual showed

greater stress at the beginning of the experiment, indicating a lower
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water to dry weight ratio than in the other species. This series of
experiments demonstrates clearly that with reasonably careful treat-
ment, sap tensions, even in small annuals, remain remarkably constant
for long periods after cutting. The plastic bag storage technique
was used for all subsequent measurements.

An interesting result of this large-scale sampling of popula-
tions was the range in variance from one population subsample to an-

other. This is particularly marked in Gilia aggregata and Polygonum

douglasii.

Diurnal Variation

Scholander and others (1965) report marked diurnal variation
in sap tension in various plants. Waring and Cleary (1967) note that
equilibration between plant and soil occurs by early evening but pres-
ent measurements indicate that it continues at lesser rates throughout
the dark hours. Due to this fact and to field sampling problems after
dark, minima in this study are represented by cuttings taken before
full light in the morning. Maxima were found to occur between about
1300 and 1700 hours on cloudless days with little haze.

In Figure 2 diurnal curves are compared for three species.
Each point in this graph represents a single measurement. Later
studies showed that sap tensions in phenologically similar populations

of Polygonum cascadense ranged over about 8 atmospheres at minimum

tension and 11 atmospheres at maximum tension. Lotus nevadensis doug-

lasii and Luina stricta are herbaceous perennials and show considerably

less variability than the annual knotweed. 1In the two perennials
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population variation was within 3 atmospheres at minimum tension and
within 5 atmospheres at maximum.

The most symmetrical curve is that for Lotus nevadensis douglasii

taken from a south-facing scree slope. Luina stricta, confined to more

westerly meadow slopes, reaches maximum tension later in the evening,

due evidently to its direction of exposure. Polygonum cascadense shows

both the highest minimum tension and the greatest diurmal variation.
It is dependent on moisture near the soil surface, unlike the deeper-
rooted perennials. The Polygonum population grew in dry rocky loam on
a southwest-facing slope. In these studies actual minimum tensions
probably were not obtained, since the sun had risen (although not on

the slopes sampled) when the stems were cut.

Variation within Individual Plants

It might be expected from the anatomical and molecular arrange-
ment of water in plant stems that equilibration of diffusion pressure
deficits would be rapid and that differences in sap tension measure-
ments within a single plant would be due to experimental error. How-
ever, Vité and Rudinsky (1959) have demonstrated that in conifers, even
without the more continuous water columns provided by angiosperm ves-
sels, sap migrates up the trunk in definite spiral patterns and does
not diffuse through the entire stem, Water from one sector of roots
will therefore supply only a portion of the branches, but all roots
supply the crown tip. Using injected dyes, Vite and Rudinsky charac-
terized a variety of patterns of water movement, the most restricted

of which were characteristic of Pseudotsuga menziesii and Chamaecyparis
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lawsoniana. These findings indicate that sap tensions in portions of a
single plant occupying different micro-environments might be markedly
different. This phenomenon has been demonstrated in Pseudotsuga

menziesii (Figure 1) and Vaccinium membranaceum (Figure 3).

In general, however, when measurements were taken from several
stems of a single individual, the readings were tightly clustered and
spanned less than one atmosphere (Figure 3). These measurements demon-

strate the repeatibility and precision of pressure-bomb measurements.

Variation among Parts of a Plant

An attempt was made to determine the reliability of extrapo-
lating from one portion of a single plant to another, as well as to
determine how small a plant part might be used to produce a reliable

measurement. A large plant of Ivesia gordonii, a cespitose perennial

herb, was dug; and individual leaves, flowering stems having a single
bract, and portions of the branching rootlike caudex were sealed in
plastic bags and measured. The results are shown in Figure 4. Meas-
urements for all three plant parts overlap, and differences between
the means are insignificant at the 5 percent level as determined by
the F test. Flowering stem and caudex measures showed low variance,
but that of the leaves was considerably greater. Since the leaves are
small and had to be carried in a knapsack for most of a hot afternoon,
the greater variance may in part be the result of loss of water to

air in the plastic bag. These findings do indicate that virtually any

measurable part of the plant can be used with considerable reliability.
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Variation within a Population

Figure 5 shows that minimum sap tensions are quite constant

within populations growing in more mesic habitats (Chamaecyparis

nootkatensis, Ribes binominatum, Lupinus arbustus neolaxiflorus), but

that in areas where moisture stress is generally higher, even minimum

tensions show large variances within small populations (Chrysothamnus

nauseosus albicaulis, Gilia aggregata).

The Chamaecyparis nootkatensis population measured is actually

a clone of individuals beneath the Mesic Forest canopy. Many new
trunks have been added by self-layering of branches. These trunks are
still interconnected, but each has a well-established root system of
its own. The remarkable clustering of readings, as well as showing
the reproducibility of results with this technique, indicates that
such clones should be considered single individuals for physiological

purposes.

Population Variation Correlated with Plant Size

It was noted early in the sap tension determinations that in
a variety of small annuals growing in drier sites, high measurements
were strongly correlated with small plant size. This phenomenon has
been demonstrated in trees by Waring and Cleary (1967) but is best

exemplified in annuals such as Polygonum douglasii, as shown in Fig-

ure 6. A sample of nine plants showing the range of sizes present
within 2500 square cm was ordered by size of plant and measured.

Without exception sap tension increased with decreasing plant size.
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These annuals have shallow root systems and almost certainly compete
for water near the surface of the soil. Digging numerous plants has
demonstrated that depth of root penetration is correlated with plant
height. It is thus likely that high sap tension is to some extent
both cause and effect of small plant size, since small plants are poor
competitors for soil moisture, which is probably limiting, and there-

fore remain of lesser stature.

Population Variation at Minimum and Maximum Tension

Waring and Cleary (1967) note that sample variation is greater
at maximum tension than at minimum tension. This has been confirmed
in a number of Western Cascade species, exemplified in Figure 7 by

Collomia linearis, an annual. While minimum tensions span only 2.5

atmospheres, maximum tensions range over at least 43 atmospheres, the
highest reading being over 68 atmospheres. In this, as in other annu-
als, variation in depth of root penetration is probably of major sig-
nificance to variation in maximum tension. Even at these high maximum
tensions, individuals of C. linearis seem capable of completely equili-

brating with the soil during the night.

Variation with Habitat

A number of Western Cascade disjunct species are found in more
than one habitat type. They are of major importance in comparing the

moisture regimes in the various sites where they occur. Chamaecyparis

nootkatensis is found as a forest tree among similar-sized specimens

of Tsuga mertensiana and Abies lasiocarpa on north-facing slopes near
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the summits of some Western Cascade peaks and as occasional understory

clones beneath less dense but more mature Pseudotsuga menziesii - Abies

amabilis forests on lower slopes. It also occurs in very shallow
soils, sometimes rooted in rock crevices on exposed ridges of various
exposures, Four such habitats were compared using pressure-bomb tech-
niques, but only two are reported here since the two forest localities
were found to be nearly identical, as were the two ridge localities.
Figure 8 shows that the forest populations had considerably lower ten-
sions, both at maximum and minimum tension, than the ridge populations.

Specimens of Ribes binominatum from the same shaded forest lo-

cality, however, had significantly higher minimum tensions than compar-
able populations in open, southwest-facing meadows. Maxima were nearly
the same. This indicates that the hot open meadows actually comprise

a less stressful environment for Ribes binominatum than does the shaded

forest. This is probably due to the heavy dew in the meadows, resulting
in less nighttime transpiration and consequently more rapid equilibra-
tion with the soil. Nightly dew may also add a considerable amount of
moisture to the surface soil during a prolonged drought.

Stems of Pachystima myrsinites were taken from three different

habitats on Sardine Butte. The first was a dense forest with much con-
iferous litter and little ground-cover, the second a moderately steep
east-facing rockfall slope, and the third the rocky exposed summit of
the east spur of the peak. Figure 8 shows the expected relationships
between the moisture regimes of the three habitats for this species:
increasingly high tensions were recorded from the forest, rockfall

slope, and exposed summit habitats,
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Douglasia laevigata is a highly restricted species in the

Western Cascades, being found only on certain west or north-facing
vertical basaltic outcrops exposed to the prevailing winds. On one
such rock wall on Cone Peak, specimens were sampled from a rather

deep protected crevice and from a more exposed crevice less than a
meter away. The more protected plants were etiolated, had very large
leaves for the species, and did not flower abundantly compared with
close neighbors but exhibited sap tensions lower by more than 16 at-
mospheres (Figure 8). Such major differences in moisture regimes over
small distances illustrate the difficulty in attempting to describe a

species or a region, no matter how small, as "xeric" or "mesic."

Variation with Habitat and Phenological Stage

Especially in annuals, it is difficult or impossible to sepa-
rate habitat differences from phenological differences, since as the
plant matures and dies during a single season, it exhibits a distinct
progression of sap tensions, A moister habitat may simply prolong
this characteristic progression. Such problems are illustrated well

by populations of Polygonum cascadense on Iron Mountain, On 2 August

plants were measured from three habitats of differing insolation,
exposure, and soil type (Figure 9). The highest population was found
on a steep south-facing scree slope; the population of intermediate
elevation on partly-shaded, more gently-sloping fine gravel scree near
xeric meadow species; and the lowest population in the shade of robust
meadow species. The apparent age of the individuals became less with

decrease in altitude, and sap tensions decreased correspondingly. On
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2 August plants at the highest locality (separated by 60 vertical m
from the lowest locality) were still blooming freely, although some
specimens registered tensions beyond the capacity of the instrument
(above 68 atmospheres). By 23 August the highest population had com-
pletely disappeared, but the lower two were again measured. The inter-
mediate population then supported tensions comparable with those of

the highest population on 2 August. The lowest population was in turn
comparable to the intermediate population on the first date of measure-
ment, although the range exhibited by individual plants was not as
great, as might be expected from the habitat configuration. In years
of higher summer rainfall than 1967, plants of P. cascadense have been
observed blooming into October, indicating that available moisture
closely controls their phenology. Other variables in the habitat are
evidently much less important for the distribution of the species, as

long as some direct sunlight is available. Gayophytum diffusum parvi-

florum and Polygonum minimum show patterns which are similar but docu-

mented by fewer measurements.

Variations with Phenological Stage

Occasionally a direct relationship between sap tension and
phenological stage can be demonstrated, This is possible where within
a small area (less than 100 square cm) a population of ephemeral an-
nuals occurs in which the individuals are of similar sizes but are at
different developmental stages. Two such situations were observed at
Crater Lake National Park, where the season was considerably delayed

over that on Iron Mountain, and earlier phenological stages of many
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species were available for study.

Specimens of Polygonum kelloggii exhibited uniform minimum

tensions, even though a complete progression of phenological stages
was represented in the population (Figure 10). When measured at
maximum tension, the phenologically oldest specimens (not necessarily
the smallest individuals) had sap tensions almost 30 atmospheres
higher than the youngest. It is obvious that moisture was beginning
to be limiting for some members of the population and that within a
few days at most the population would be entirely gone.

An even more striking example of rapid desiccation was illus-

trated by a population of Mimulus breweri from the same meadow, al-

though age differences among the individuals were less obvious than in

Polygonum kelloggii. Minimum tensions were consistently low except in

one individual which represented a slightly more advanced phenological
stage. This specimen registered above 68 atmospheres on the pressure-
bomb apparatus (Figure 10). Maximum tensions were only slightly higher
than minima except, again, for the oldest individual, which measured

18 atmospheres higher than any other. Within the population there are
never more than a few plants with intermediate sap tensions. The sap
tension measurements corroborate the morphological evidence that when
water begins to become limiting for these plants, they desiccate rap-
idly and die. Unfortunately, it is impossible to take repeated meas-
urements on a single individual, and this rapid progression cannot be

completely followed with the pressure-bomb apparatus.
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Xeric Indicators

Sap tensions were measured in seven of the species termed 'xeric

indicators" by Detling (1953): Lupinus arbustus neolaxiflorus, Collomia

linearis, Gilia aggregata, Linum perenne lewisii, Polygonum douglasii,

Sedum stenopetalum, and Silene douglasii. Sap tensions ranged from the

lowest registered by any species (Lupinus arbustus neolaxiflorus: 2

atmospheres) to readings above 68 atmospheres (Collomia linearis, Linum

perenne lewisii, Polygonum douglasii, and Sedum stenopetalum). No gen-

eral conclusions are possible from these observations except that these
species encompass a wide range of adaptations to a progressively de-
creasing water supply. It is clear, as discussed by Thoday (1933),
that many meanings might be attached to such a term as 'xeric species,"
and that investigators must take care to define usage of such terms in

as strict a sense as possible.

Maximum Recorded Stresses

Twelve Western Cascade species were found to have sap tensions
above 68 atmospheres before seeds were entirely ripe. Most of these

species were annuals, such as Polygonum douglasii, Polygonum minimum,

Polygonum cascadense, Gayophytum diffusum parviflorum, Linanthus hark-

nessii, Collomia linearis, Orthocarpus imbricatus, Mimulus breweri,

and Galium bifolium. The last two species are spring ephemerals, and

it is likely that their seeds would have matured rapidly even if de-

tached from the desiccating plants. Linanthus harknessii exhibits

modified ephemeral tendencies even at these high sap tensions. The
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highest measured tension, exceeding 71.5 atmospheres, was recorded in

Polygonum cascadense.

Sedum stenopetalum and Linum perenne lewisii, herbaceous peren-

nials, and Arctostaphylos nevadensis, a woody perennial, also exhibited

tensions above 68 atmospheres. This is particularly noteworthy in

Arctostaphylos, a typically high-montane species, which showed no die-

back of stems sustaining these extreme tensiomns.

Tensions in an annual, Navarretia divaricata, and two woody

perennials, Juniperus communis saxatilis and Pachystima myrsinites,

measured greater than 50 atmospheres. The perennials again showed no
ill effects from the moisture stress.

A number of species (including only one annual) characteristic
of diverse geographic regions were found to have sap tensions above 40

atmospheres. They are Polygonum kelloggii, Ivesia gordonii, Lotus

nevadensis douglasii, Gilia aggregata, Penstemon deustus, Haplopappus

hallii, Chrysothamnus nauseosus albicaulis, and Artemisia ludoviciana

latiloba.

Laboratory Germination Experiments

Germination experiments in sub-irrigated peat pots using a
variety of volcanic Western Cascade soils, serpentine soil from the
Illinois Valley, Josephine County, and greenhouse rotted leaf mold
indicated no restriction of germination or establishment among those
species tested. The volcanic soils used were derived from all three
major volcanic units in the Western Cascades. The Little Butte Series

was represented by soil from Jumpoff Joe, the Sardine Formation by
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soil from the lower slopes of Iron Mountain, and Plio-Pleistocene vol-
canics by soils from Rebel Rock and Sand Mountain. Species used had
previously been shown to germinate on wet sterilized filter paper in
light without previous stratification., Replicate pots were autoclaved
to destroy the original microflora. The autoclaved soils, however,
broke down physically and became sufficiently hydrophobic that capil-
lary water would not rise five cm. No species germinated on such
soils, but all did readily on unautoclaved counterparts, Difference
in growth rate was the only notable outcome of this experiment. All
species persisted but grew slowly on serpentine soil. The Western
Cascade soils produced a range of growth rates, correlated with the
texture and amount of organic matter in the particular soil. All spe-
cies were most robust on greenhouse soil. These results indicate that
such factors as secondary organic nutrients and water availability are
more important to germination and growth in these species than the
chemical composition of the parent rock from which the soils were de-

rived.

Germination and Establishment in the Field

Plots were sown with seed of disjunct species at several local-
ities in the Western Cascades in an attempt to establish them in sites
where they had not previously been found. Experiments of this type,
which are similar to those reported by Cavers and Harper (1967a, 1967b),
test the acceptibility of the varicus habitats to the propagules of
the disjunct species. With the addition of proper controls, informa-

tion can be gathered on the degree of past dispersal of the species as
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well as on competitive exclusion by existing vegetation,

Methods

Seeds of 22 disjunct or endemic Western Cascade species were
collected during the late summer and fall of 1966. They were cleaned,
counted, and bagged in equal numbers depending on the availability of
good seed. Field sites were chosen on Iron Mountain, Rebel Rock, and
Sardine Butte, The first peak, because of its easy access and great
number of disjunct species, supplied much of the seed used in the
experiments. Since some seeds were resown at or near their sites of
collection, Iron Mountain acted as a partial control in the establish-
ment studies, Rebel Rock also supports a large number of disjunct
species, but the disjunct flora is of a different composition. Six of
the species tested in these experiments do not occur naturally on
Rebel Rock, and three of them have not been found on Iron Mountain.
Sardine Butte, which lies farther to the west and has only a small
outcrop area at the summit, supports five of the disjunct and endemic
species including only two of those utilized in the experiments.

Representative habitats were chosen on each of these peaks.
Three were selected from Iron Mountain including a mesic meadow dom-

inated by Rubus parviflorus and Pteridium aquilinum, with frequent

occurrences of Ribes binominatum, Luina stricta, Gilia aggregata,

Artemisia ludoviciana latiloba, Lupinus latifolius, Vicia americana,

Eriophyllum lanatum, and Cirsium centaurea. This site is on a moder-

ately steep, southwest-facing slope, partially shaded to the west by

several large, free-standing douglas fir trees. The soil is a deep
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light loam, rich in organic matter, which, judging from spring slump-
ing and observable creep of cleared areas, undergoes considerable
movement downslope during those seasons when it is not covered by snow
or dense herbaceous vegetation. The second habitat is a considerably
less steep, southwest-facing slope of fine scoriaceous material which
presumably creeps at a rate at least comparable with that of the meadow
soil. There is little or no organic matter in the '"soil" of this
slope; the only cover consists of widely dispersed small annuals. The
third and most severe habitat is a flat but rough area of scoriaceous
rock which crops out at the brink of the south-facing precipice on
Iron Mountain. Fine mineral soil collects only in small pockets of
the scoria, and the site supports only mosses and mats of Selaginella
wallacei, both of which desiccate during the dry portion of the summer.
Habitats on Rebel Rock include forest, dry meadow, and cliff-
brink sites. The most protected site is under a moderately dense

canopy of mature Abies lasiocarpa and Pseudotsuga menziesii, The dom-

inant species growing in the damp, rich, loamy, black soil are Valeriana

sitchensis, Galium oreganum, Viola orbiculata, Hieracium albiflorum,

Aquilegia formosa, and Aster ledophyllus. A small patch of Mertensia

bella occurs in a slightly more exposed area only a few meters away.
The second habitat is a dry ridgetop meadow dominated by an unidenti-

fied species of Carex. Also abundant are Viola nuttallii bakeri,

Calochortus lobbii, Lupinus sericeus, and Cirsium centaurea. The

ridge at this point slopes slightly to the southwest, and the soil is
a well-drained peaty loam with numerous included fragments of andesite.

The soil is not as deep as that in the forest habitat or in the meadow
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site on Iron Mountain; the numerous rocks preclude accurate measure-
ments of depth. Two parallel but slightly different sites were chosen
at the top of the south-facing precipitous slope that runs the length
of the Rebel Rock ridge. One site, in a pocket of outcropping scori-
aceous rock, contains an accumulation of reddish rocky loam and sup-

ports a moderately dense growth of Arctostaphylos nevadensis, Erio-

phyllum lanatum, Eriogonum umbellatum, Antennaria rosea, and such

annuals as Polygonum douglasii, Polygonum minimum, and Navarretia

divaricata. The neighboring plot has considerably less soil develop-

ment and supports mosses, Selaginella wallacei, Calochortus lobbii,

Eriophyllum lanatum, and Polygonum minimum. The soil-pocket plot was

cleared following the method described below, and the plot having less
soil was left undisturbed. The area is flat, and exposure to the sun
in both plots is complete.

Only one site was chosen on Sardine Butte because of the paucity
of habitats available. This site is located at the summit of the east
spur of the mountain in a flat area of blocky andesite. Light mineral
soil has accumulated between the large blocks of parent material, giv-
ing the entire area a well-drained surface of uneven depth, Drought-

tolerant species such as Arctostaphylos nevadensis, Juniperus communis

saxatilis, Comandra umbellata, Hieracium scouleri, and Pachystima

myrsinites are mixed with a few "ephemeral' perennials, especially

Selaginella wallacei and Allium amplectens.

Sites were visited in early October, 1966, and pairs of square
meter plots were chosen in each habitat., Plot pairs were as uniform

in soil and vegetative cover as possible. One of the plots was cleared
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of vegetation and the soil cleaned of most of the roots and rhizomes.
Both plots were divided into 400 square cm subplots onto which the
seeds were scattered. They were then preséed gently into the soil to
minimize downslope movement. Such variables as inequalities in the
vegetation within the undisturbed plots and edge effects in the cleared
plots were ignored.

All plots were visited at least twice during the growing season
of 1967--in the early spring and early fall. Observations were made
on the number, size, and phenological stage of seedlings of each of the
species as well as the rates of recolonization of the cleared plots by

native vegetation,
Results

The information gained from the seed plots is summarized in
Tables IV, V, VI, and VII. Several interesting features of these
tables are discussed below.

In the Rebel Rock plots only one species showed no germination

at all--Chamaecyparis nootkatensis (Table V). It did not germinate

either in the field or in subsequent laboratory tests, and the seed
can probably be considered inviable. Four species germinated but
failed to live in any of the plots throughout a single summer. These

include Allium crenulatum, Lewisia triphylla, Sedum divergens, and

Castilleja rupicola. All 17 other species were still living in the

establishment plots by late August, 1967, Sixteen species established
themselves in the cleared forest plot, far more than in any other hab-

itat, although it is almost certain that most of these will be



Table IV. Numbers of Seeds Sown, Germinated, and Established in
Cleared and Uncleared Plots in One Habitat on Sardine Butte.

Outcrop
Species A Cleared Uncleared
1 2 3 1 2 3
Chamaecyparis nootka-
tensis 10 0 0 0 0 0 0
Allium crenulatum 29 0 0 0 5 0 0
Polygonym douglasii 8 7 0 0 0 0 0
Polygonum minimum 15 2 0 0 0 0 0
Polygonum cascadense 25 12 0 0 0 0 0
Polygonum kelloggii 50 1 1 1 0 0 0
Lewisia triphylla 50 0 0 0 0 0 0
Arabis holboellii
retrofracta 50 0 0 0 0 0 0
Sedum divergens 50 0 0 0 0 0 0
Ivesia gordonii 13 1% 0 0 4 0 0
Trifolium productum 16 2 0 0 2 0 0
Linum perenne lewisii 50 27 18 0 L7 0 0
Douglasia laevigata 13 0 0 0 0 0 0
Gilia aggregata 25 0 0 0 11 7 0
Linanthus harknessii 50 26 9 9 1 & 4 4
Navarretia divaricata 50 9 4 4 3 1 1
Mertensia bella 2.5 0 0 0 0 0 0
Penstemon deustus 30 0 0 0 0 0 0
Castilleja rupicola 25 0 0 0 0 0 0
Castilleja pruinosa 50 0 0 0 0 0 0
Galium bifolium 13 2 2 2 4 4 4
Luina stricta 10 0 0 0 0 0 0

Explanation:

Number of seeds sown per plot
Number of germinated seeds
Number of seedlings surviving
one year
Number of plants setting some seed
Species which were abundant both
in and around the sown plots
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Table V. Numbers of Seeds Sown, Germinated, and Established in Cleared and Uncleared Plots
in Three Habitats on Rebel Rock. (See Explanation, Table IV.)
Forest Meadow Outcrop
: Cleared Uncleared Cleared Uncleared Cleared Uncleared
Species A
1 2 3 1 2 3 1 2 3 ] 2. 3 1 2 3 1§ 2 3
Chamaecyparis nootka-
tensis 940 6@ 83009 04 o0..800 040 Q400 0Fr0 0O 0
Allium crenulatum 25141 O 0 9 0 0 7 0 O 0 0 0 3 0 0 0 0 0
Polygonum douglasii 8 2 2 1 0 0 0 0 0 0 0 0 O |1l4* 14% 14%| 1x O 0
Polygonum minimum 15 2 2 2 1 Q- O {10+ .4 - &4 7 0 0 |1l4x l4x 14%|71% 50% 50%
Polygonum cascadense 2551 *8 8 8 ¢ 0 0 7 7 7 2 0" 0] @6 5 5 0 0 0
Polygonum kelloggii 50 B i 0 0 O 6 ¢ 0, 00 Q- ofe 19 19 0 O 0
Lewisia triphylla 50| 8 Q- 01 0..0 @0 000 0 0.8 0 0150 0 0
Arabis holboellii
retrofracta 501 13 13 09 {0 04 0 0 0 ¥y O 14 O 0106 O 0
Sedum divergens 501 6,0 0.1 0. 0 045 9- 040 0 ©}J0 O 0610 0 0
Ivesia gordonii 13 ¥i 7 0:)-45 g 0] 3 2 0 E 0 40 1 .0, 050 .0 0
Trifolium productum 16 6 6 0 7 7 04 0. 0 017 0. Bote0. . 0 0§20 0 0
Linum perenne lewisii |50 ] 32 32 0412 4.9 - JORELQ . 3 0O ¥ o0 OMs. 0 - 00 800
Douglasia laevigata 13 2?2 22 O 0 (0 RO fady 0ViENG G %0 0 Q4050 0
Gilia aggregata 25121 21 0 5 5 019 4 01 4 ¢ OofF06 © 010 0 0
Linanthus harknessii 50130 29 29311 10 1013 8. 8 4 0 0140 26 26 J O O 0
Navarretia divaricata |50} 12 12 12 0. 00 R8T 12 12 0 0 O0]50% 505 50%} 7% 7% 7%
Mertensia bella 25 o L o s 0 o 1 A0 o R I (55T JENRNR DA ¢ 1 (R & NES 0 SRGE k) SRS O TRRINRSS 0 SR O (0 0 0
Penstemon deustus 30 42 42 O 0 0 0 0 0 0 0 0 -0 0 0 0 0 0 0
Castilleja rupicola 25 y XA Comerphe o o) SN NESRRRR TR 4 ol (NI 0 A 8600 57 0 0 et A AT 0 1) 56 6 TRl 0 e 01 1) 0] 0 ) 0
Castilleja pruinosa Eale LOUTO L e @0 O 00 SOTH QL T OO ORI 0 S8 YIS0 [ERBRE p ESt R, 6 K 1o 0o NG 0
Galium bifolium 13 6i:i016 (<77 e GO O RS SR iR e e 1) 1 0 e b () ) St 0
Luina stricta VORES. 7 B 0 | AR 0 AT o 1| (66 ¢ RS 0 Bt O 60 [N e o) | O RIONE Be SRR O 1 10 50, 0
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Table VI. Numbers of Seeds Sown, Germinated, and Established in Cleared and Uncleared Plots
in Three Habitats on Iron Mountain. (See Explanation, Table 1IV.)
Meadow Scree Slope Outcrop
Species A Cleared | Uncleared Cleared Uncleared Cleared Uncleared
1 2 3 1 2 3 1. 2 3 1. 2 gl 2 3 1 2 3
Chamaecyparis nootka-
tensis 040 606 0906 0 910 © o040 90 Wl & 04§06 0 0
Allium crenulatum 25420 O 010 O 90 0. .04 0.0 w0F0 0 0 1o 0.0
Polygonum douglasii 8 9% 5% 5% [18% 18% 18%| 1 0 0 0 0 01O 0 0 0 0 0
Polygonum minimum 15 5 5 5 4 4 4 O 0 O g 0 9.y 0 9 O 1o 0 0
Polygonum cascadense 75 2 0. 010 o 0 I 1% Ix| 8 8 8| 0 O O |2 0 0
Polygonum kelloggii SO0 00 0 00 BME 0D 0 f-OREET 0 B Y0 0 0. 100D
Lewisia triphylla SO0 0 @10 - @ 000 JB ORS00 g sre 0 e -0 0
Arabis holboelli
retrofracta 5006 . ¢ 010 0 o019 ¢ 00 0810 6. 0640 0 O
Sedum divergens 500 0 Q000 ©O4°0 O Ol 55 010 06 040 00 .0
Ivesia gordonii 134 Q- @ 0o 0 e 0. 0 09 00Et0 R0 0 0 " 00 0
Trifolium productum IorlE @ © 00 SOTE @ 0w @l 0 0 Q0F 5 90030 0T 010 c0xT0
Linum perenne lewisii 50~ 3 3 C0slEs- s B0 0 OF0 0. 0 2 2. 0@ 0:E0
Douglasia laevigata 13 0 Q) Q. 0 .61 0 0. 040 --0-"09710 0 0o 0 0
Gilia aggregata 251 20% 20% O |30% 30« O Lo, 000 00 0 -0 05 0
Linanthus harknessii 50 6% 6% 6| 7% 7% &) Ik Ik Ixp12% 12% 12%1 0 O 010 0 0
Navarretia divaricata 504 1l - 11, 1l Qo O @0 10y QLS 5% ISkLQL 0 . O KO 0,40
Mertensia bella 250600 0 0 F 0 sl Q0 0 QRO G HEAE D - 0 OMSERORTI 0 RS S
Penstemon deustus FOMKCIO L 00 OO TSRO, - (O O Q0RO - O QRO e O
Castilleja rupicola A4 [ 0 NS e ] PO R GRG0 e (o R 0 S et | IR 0 N 0 S S 6 IR ¢ MR € Yo 0 S
Castilleja pruinosa OG0 S 0 Ol o0 00 0 R0 0 OO 0T SO O 2 O SR O R (s S8 0)
Galium bifolium e B e Sy R e <> i TR0 R o Bt T O RN © 0 EST ol G ISR O SRR 0 1 1 PR 0 R )
Luina stricta R s prme s e 05 [N 0 S o R i € 0 [ IR 0 STl ik B 0 R O B0 1% ot 0 RS DA T 1 [ 0 S R )

06
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eliminated by competition as the forest vegetation reinvades the plot.

Three species (Ivesia gordonii, Trifolium productum, and Luina stricta),

all herbaceous perennials, were established on Rebel Rock even though
they are not native to the region.

The Iron Mountain plots, near where most of the seed originated,
showed remarkably little germination and establishment (Table VI).
Two of the chosen habitats are severe, being exposed to alternate
freezing and thawing in winter and having soil surface available for
germinating seeds for only a short time in the spring. The meadow
plots were sufficiently steep that many of the seeds may have been
washed completely out of the cleared plot and were never found in the
surrounding dense vegetation, It is likely that competition for light
and water from previously established perennial species limited the
establishment of seedlings in the undisturbed meadow plot in the early
stages of germination. If seeds germinated and died soon thereafter,
there would be little likelihood of witnessing the phenomenon in the
field. The failure to observe germination, especially in the cleared
meadow plot on Iron Mountain, indicates that higher rates of germina-
tion and establishment should be expected given more ideal conditioms.
The numbers reported here thus represent minima of species actually
able to establish within a given region., These considerations may
explain many of the zeros in Tables IV, V, and VI,

The plots on Sardine Butte are especially interesting since
they show establishment of six disjunct species in an area where nomne
existed previously. Of these species the four annuals (Polzgonum

kelloggii, Linanthus harknessii, Navarretia divaricata, and Galium

bifolium) all set some seed which appeared viable, It is not yet
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known whether they will succeed in establishing again in later years.

Conclusions

The tentative conclusions based on this information and pre-
sented below are equivocal, given the small number of habitats actually
tested, the small number of seeds frequently used, and the short dura-
tion of the experiment. On the basis of my field experience with the
establishment plots, I believe that few, if any, of the established
species will remain for any length of time in their tenuously held new
habitats., Nevertheless, the present information does point to impor-
tant conclusions regarding the establishment potentialities of many of
the disjunct species.

If species previously found in or around the germination plots
are disregarded, the number of established species in uncleared plots
is only 40 percent of the number established in cleared sites. However,
as indicated in Table VI, some species, especially those which are
often found as "understory' vegetation in mesic meadows, were occa-
sionally better able to establish in uncleared than in cleared plots.

If species germinated and then died (or failed to germinate
completely) in a cleared habitat, it must be considered that their
elimination was due to some combination of physical properties inher-
ent in the habitat or to predation. Correspondingly, if establishment
occurred in a cleared plot with none in the adjacent undisturbed plot,
competition with existing vegetation must be invoked to explain lack
of establishment in the uncleared site. Table VII shows both phenomena
to be important in the situations tested, with competition being the

controlling factor much less frequently than environmental unsuitability.
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Species which germinated in more than half of the cleared plots
showed the highest rates of establishment in all plots, and have been
eliminated from some uncleared plots. This evidence suggests that com-
petition is the most important factor in determining the distributions

of these species, which include Polygonum douglasii, Polygonum minimum,

Polygonum cascadense, Ivesia gordonii, Linum perenne lewisii, Navarretia

divaricata, and Galium bifolium. All but three of these are widespread

in the Western Cascades. Polygonum cascadense is endemic to the region,

Linum perenne lewisii is relatively restricted within the study area,

and Ivesia gordonii is known from only one locality within the Oregon

Cascade Ranges. It seems likely that these three species have much
wider potential ranges than they presently inhabit. Historical disper-
sal factors, together with elimination from many sites by competition,
may explain their presently restricted distribution in the Western

Cascades.



DISCUSSION

Plant Groups of Similar Geographical Affinity

It is possible to assign disjunct species to groups or elements
according to the geographical region or biotic province of their major
populations., Such elements may indicate the migrational path by which
the species reached the Western Cascades and are theoretically similar
to the groups of species showing "equiformal progressive areas" dis-
cussed by Hultén (1937). Equiformal progressive areas are more closely
tied to glacial history in the boreal regions treated by Hultén than in
the Western Cascades. The present groupings are notable in their diver-
sity. Only rarely do the total ranges of even two disjunct species ap-
proach identity. In addition, diverse ecological patterns are shown by
species within a single geographical group. Nevertheless, it is likely
that geographical affinity reflects similarity in migrational history,
and qualified use of such groups as Hultén proposes is both warranted

and helpful.

Southern and Eastern Element

This large group of disjunct species has major centers of dis-
tribution both in the Columbia Basin and the High Lava Plains of eastern
Washington and Oregon (Freeman and others, 1945), and in the southern
Cascade, Siskiyou-Klamath-North Coast Range, and Sierra Nevada regions

of southern Oregon and northern California. Ranges of the 15 species
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considered to belong in this group overlap with those of the following
two groups. In general, species whose distributions indicate that they
have occupied both southern and eastern regions for considerable time
are included here,

There is evidence that eight species have reached the Western
Cascades by migration both across the Cascade crest from the east and
northward through the Western Cascades from the Siskiyou-southern Cas-

cades region., These include Pinus ponderosa, Arabis platysperma

howellii, Gayophytum humile, Linanthus harknessii, Navarretia divari-

cata, Mimulus breweri, Castilleja pruinosa, and Lonicera conjugialis.

Their distributions are relatively continuous in the Western Cascades
south of the study area, and some specimens are known either from the

High Cascade peaks or from the passes between them. Castilleja pruinosa

is not common east of the Cascade crest, but Western Cascade forms have
been implicated in the C. peckiana complex of that region, and so are
included here.

This group contains ephemeral annuals restricted to habitats
where abundant snowmelt is available in early spring, annuals of drier
situations, an herbaceous perennial of dry habitats, and a large shrub.

One species, Navarretia divaricata, grows in disturbed sites and is some-

what weedy in behavior. All the species in this group except Arabis

pia}ysPSrma, Castilleja pruinosa, and Lonicera conjugialis are rela-

tively widespread in the drier portions of the Pacific States,

Although Nothocalais alpestris extends almost to the Pacific

Ocean in the Siskiyou region, only two collections are known from the

Western Cascades, These are both in the vicinity of Olallie Mountain
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and are evidently westward extensions of the large populations found
at higher altitudes in the Three Sisters. Its entry is thus entirely
from the east, although it is not found in the lower elevation areas
of eastern Washington and Oregon.

Another group of six species, while most common east of the
Cascade-Sierra axis, shows no evidence of having reached the Western
Cascades from the east and has probably migrated northward through the

Western Cascades. These species, Selaginella scopulorum, Linum perenne

lewisii, Monardella odoratissima, Penstemon deustus, Galium bifolium,

and Chrysothamnus nauseosus albicaulis, are fully as diverse with regard

to habit, breeding system, moisture relations, and habitats occupied

as the first group discussed. All of these species except the first

are widespread in western North America. §S. scopulorum is primarily

confined to the Klamath Mountains and the Wallowa Mountains, but has

also been reported from several sites in Washington and Montana. To

date, Western Cascade populations comprise half of the species popula-

tions known to me, Migrational patterns are thus difficult to interpret.
Species of this element are known from seven different vegetation

units but are most abundant in dry rocky areas (Gravel Scree and Outcrop

Ridge), Xeric Meadow, and Rocky Melt Seep associatioms.

Southern Element

Twelve species have major populations only to the south of the
study area and appear to have reached the area by northward migration
along one or more of several possible routes., Five of these, Cheilanthes

siliquosa, Allium crenulatum, Silene campanulata glandulosa, Cardamine
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integrifolia sinuata, and Mimulus pulsiferae, also have stations in

the interior valleys west of the Cascades. In addition, three of them
occur near the eastern end of the Columbia Gorge. These species prob-
ably reached the Western Cascades by migration up the tributaries of
the Umpqua and Willamette Rivers. These species are also ecologically
diverse. The only widespread species in this group is the fern

Cheilanthes siliquosa, whose center of distribution nevertheless seems

to be serpentine areas in southwestern Oregon.
The other seven species of this element have migrated northward
through the mountains and are not found west of the Cascades except in

their parental area. Trifolium productum and Crepis occidentalis are

relatively widespread and have major population centers in the northern

Sierra Nevada as well as in the Siskiyou region., Trifolium howellii,

Arenaria pumicola, and Ribes erythrocarpum have restricted ranges. The

first is found in southern Oregon and northernmost California west of
the Cascade crest, and the last two have been considered heretofore to
be narrowly restricted to the region around Crater Lake. Ribes binom-

inatum and Erigeron foliosus confinis have remarkably similar ranges in

the southern Cascades, Siskiyou Mountains, and the North Coast Range of
California.

Mimulus pulsiferae is the only annual in this group. The herba-

ceous and woody perennials, however, show a wide range of ecological
tolerances, pollinators, and breeding systems. Members of the southern
element inhabit 12 of the described vegetation units--more than any
other element--but the dry rocky areas are the only units of importance.

Seven of the units, most of which are occupied by a single southern
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species, comprise mesic environments.

Eastern Element

The largest group of disjunct species is centered in the inter-
mountain region of the Western United States. All of these species
have evidently entered the Western Cascades across the Cascade crest.

Ten species (Polygonum kelloggii, Lewisia triphylla, Arabis

holboellii retrofracta, Horkelia fusca, Lathyrus lanszwertii aridus,

Gayophytum diffusum parviflorum, Gilia aggregata, Gentiana calycosa

n. subsp., Pterospora andromedea, and Cryptantha affinis) are presently

established at a few points along the crest, supplying evidence of the
proposed migration route.

A second group consisting of Helianthus cusickii, Artemisia

tridentata, and Arnica parryi is restricted to the study area (and a

few similar spots in the Western Cascades and eastern Siskiyous) west
of the Cascade crest but shows no further evidence of migration route.

Two of the species of this group, Helianthus cusickii and

Artemisia tridentata, are hypothesized to be of very recent origin in

the Western Cascades. Both are known from only one locality, and the
present populations are not in equilibrium with the surrounding vege-
tation but are associated with diverse habitats, It is not yet certain
whether they will be able to persist,

Populus tremuloides, Collomia linearis, Artemisia ludoviciana

latiloba, Microseris nutans, and Crepis acuminata typica have few local-

ities in southern Oregon or northern California west of the Cascade

crest, and I believe these populations to be equally recent in origin
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to populations in the study area. All western Oregon populations are
hypothesized to have come west across the Cascade crest. Collomia
linearis has two present localities in the Willamette Valley, It is
possible that it came west through the Columbia Gorge and reached the
Western Cascades through the tributary valleys from the west.

Of the Eastern Element, all the annuals and biennials except

Collomia linearis are found along the Cascade crest. This may indi-

cate that the annuals and biennials, which have fewer morphological
adaptations for long-distance dispersal, typically migrate in shorter
steps than do the wind-dispefsed perennials., This group is also ex-
tremely diverse ecologically, including ephemeral annuals and desert

shrubs., Lewisia triphylla grows around snowbeds and in running snow-

melt, and Crepis acuminata typica is restricted to dry south-facing

cliffs. The annuals grow in generally moister environments than the
larger perennials. These species occur in 11 associations, the most
important of which are dry rocky areas and Xeric Meadow and Xeric

Forest associations.

Northern Element

Another well-represented element in the disjunct flora occurs
to the north and has reached the study area by migration south through
the Cascade Ranges.

One subgroup of the northern element is known from the coastal
mountains of northwestern North America, from the Cascades, and from

the northern Rocky Mountains. This group includes Polystichum ander-

sonii, Arenaria capillaris americana, Rhododendron albiflorum,
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Menziesia ferruginea, Hydrophyllum fendleri albifrons, and Lonicera

utahensis.,
The ranges of several of these species are especially noteworthy.

Polystichum andersonii is a rarely collected boreal species that is

presently known from only three populations in Oregon. Two of these

are in the study area. Arenaria capillaris americana reaches the south-

ernmost points in its range within the study area where it overlaps and
merges with A. pumicola, a member of the southern element. Lonicera
utahensis has a uniquely disjunct distribution. It is found commonly
in northeastern Oregon, Idaho, and northern Washington but is repre-
sented in the Cascades only from the study area south to the region of
Mt, Shasta. The species has evidently been poorly collected and there
is little evidence concerning its entry into the southern half of the
Cascade Ranges.

A second group is known from the northern coast mountains and

the Cascades. These species are Chamaecyparis nootkatensis, Sedum

divergens, and Douglasia laevigata. The first two species occur as

far south as the California-Oregon border, but Douglasia reaches its
southern limit at the latitude of the study area. The distribution of

Chamaecyparis nootkatensis is noteworthy in that, like Menziesia

ferruginea, it is found in the High Cascades as far south as Mt.
Jefferson, at which latitude it becomes exclusively a Western Cascade
species.,

Three species of the northern element, Castilleja rupicola,

Haplopappus hallii, and Luina stricta, are restricted to the Cascade

Ranges. Haplopappus hallii is probably a spurious member of this
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element, since it is a member of a basically southern genus. It was
described from the dry eastern end of the Columbia Gorge, but at present
most of its known populations occur in the Western Cascades, extending
as far south as Hershberger Mountain. Its parental area is unknown.

Mertensia bella and Orogenia fusiformis show remarkably similar

and striking distribution patterns. Both species were previously known
primarily from the Siskiyou region, but had also been recorded from
localities in northeastern Idaho and adjacent Montana. These distri-
bution ranges, together with other evidence, indicate that the species
are actually boreal in origin and that the disjunct populations followed
separate mountainous routes during a southward migration. Orogenia

fusiformis is slightly more widespread than Mertensia bella, but the

present work has more than doubled the known localities for both species.
This element is much less diverse ecologically than those pre-

viously considered. Annuals are not represented at all, and more than

half of the species grow only in the moistest terrestrial habitats in

the Western Cascades, The exceptions are noteworthy. Chamaecyparis

nootkatensis typically grows on barren south-facing ridges where other

tree species cannot establish, It has not been found to exhibit sap
tensions over 19 atmospheres, however, in spite of the general dryness
of its habitat. This is presumably due toc its deeply penetrating root
system. This species occurs less frequently under the mesic forest
canopy where it reproduces only vegetatively. Trees rarely attain con-
siderable size,

Sedum divergens, Arenaria capillaris americana, and Haplopappus

hallii occur on dry, rocky, south-facing slopes. Haplopappus has
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already been noted as a possible spurious member of this element. Sedum
divergens has an excellent water-storage organ in its almost globose
succulent leaves. Members of this genus have been shown to exhibit

little moisture stress until late in the season. Arenaria capillaris

americana is often found along dry ridgetops near late-persisting snow-
banks. It blooms early in the season and has usually set seed by the
time water becomes limiting in its environment.

Douglasia laevigata and Castilleja rupicola are confined to

cliffs which are exposed to the prevailing winds (which are fog- and
rain-laden throughout most of the year) and partially shaded from direct
insolation,

Thus all disjunct species of the northern element are either di-
rectly dependent on an abundant and continuing water supply or have
reached adaptive compromises with their seasonally dry environments.
Northern species grow in 1l vegetation units, having particular abun-

dance in the Outcrop Ridge, Wet Meadow, and Mesic Forest associations.

Alpine Element

Eight species are characteristic members of the Arctic-Alpine
Life Zone (Merriam, 1889), which does not occur in the Western Cascades

in its typical form., Most of these species (Polygonum newberryi,

Spraguea umbellata, Arenaria rubella, Luetkea pectinata, Polemonium

pulcherrimum pulcherrimum, and Erigeron compositus) are found on the

uppermost slopes of the High Cascade peaks, especially the Three Sis-
ters. They have presumably reached the study area from these high

mountains immediately to the east. Arenaria rubella, Polemonium
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pulcherrimum pulcherrimum, and Erigeron compositus have also developed

lower elevation forms, but since only the alpine forms occur in the
Western Cascades, they are included in this element.

Two species, Ivesia gordonii and Linanthastrum nuttallii, are

not otherwise known from the Cascade Ranges at this latitude, and their
modes of entry into the study area are unknown. Major populations of
both species occur to the north, east, and south. Ivesia is disjunct

by more than 300 km, the closest populations occurring in the Strawberry
Mountains of east-central Oregon and on Abert Rim in the south-central
portion of the state, Northern Cascade populations also supply a pos-
sible point from which immigrants could have reached the Western Cas-
cades.

With the exception of Spraguea umbellata, all members of the

Alpine element are deep-rooted herbaceous perennials (Bliss, 1956)
which live either in crevices in the Outcrop Ridge or Vertical Outcrop
associations or in fine scree such as that associated with morainal
features at higher elevations (Gravel Scree association). Spraguea

is a short-lived perennial, and is found (like Luetkea pectinata and

Polygonum newberryi) in barren areas of gravel scree or fine rock frag-

ments where snow lies deep in winter and persists late into summer
(Snowbed association). The occurrence of these high alpine species at

elevations as low as 1200 m is striking.

Valley Element

More than 30 species that are characteristic of the lower val-

leys west of the Cascades have been found in the study area. All of
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these are found at lower elevations, but only five reach an elevation
such that they can be found with disjunct species of other elements

(about 1100 m). These include Populus trichocarpa, Quercus garryana,

Polygonum spergulariaeforme, Convolvulus nyctagineus, and Plagiobothrys

scouleri, All of these species are common on the floor of the Will-
amette, Umpqua, and Rogue River Valleys in Oregon, and several extend
into the Puget Sound region. They are also all found at the dry east-
ern end of the Columbia Gorge and are comparable with species of the

Rogue-Columbia element of Detling (1953). Only Quercus garryana has

been reported from the Deschutes area of eastern Oregon (Ornduff and
French, 1958).

These species range from late-blooming annuals to trees, but
are frequently found together, both in their major populations and in
the Western Cascades. They are known from eight associations, the
primary of which are the Lowland Xeric Meadow and Outcrop Ridge asso-

ciations.

Widespread Element

Seven species occur in all major geographical-physiographical
regions of Oregon in addition to being more or less widespread in the
Western or northwestern United States. These species are all restricted
to dry habitats and are known from localities in the Willamette Valley,
Columbia Gorge, and eastern and southern Oregon. They are less disjunct
in the Western Cascades than many other species treated in detail here,
but nevertheless comprise an interesting element of the flora. Most of

these species (Polygonum douglasii, Polygonum minimum, Silene douglasii,
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Lotus nevadensis douglasii, and Lupinus arbustus neolaxiflorus) are

also known from the High Cascades at this latitude, perhaps indicating

an eastern entry into the Western Cascades. Sedum stenopetalum probably

migrated northward into the area, while Phacelia linearis made its way

up the tributary valleys of the west slope of the range. Members of
this element appear to be basically eastern in origin and show three
possible modes of entry into western Oregon: 1) through the Columbia
Gorge; 2) across the crest of the Cascades in central Oregon; and 3)
across the low passes of the southern Cascades and north from the
valley of the Rogue River, either through the Western Cascades or
through the interior valleys. These species are all annuals or herba-
ceous perennials and occupy similar habitats (especially Outcrop Ridge
and Xeric Meadow) in the Western Cascades, although it is likely that

they have never acted as a single floristic unit.

Endemic Element

Only three species are endemic to the central and central West-

ern Cascades: Polygonum cascadense, Aster gormanii, and Erigeron cas-

cadensis. This is a surprisingly small number of endemics relative to
the floristic complexity of the region.

Polygonum cascadense is a small annual derived from the P.

spergulariaeforme complex which grows in the Xeric Meadow and Gravel

Scree associations. It had the highest recorded sap tension (71.5
atmospheres) of any actively growing Western Cascade species. The two
composites are deep-rooted herbaceous perennials occurring in crevices

(Outcrop Ridge and Vertical Outcrop), Blocky Talus, or Gravel Scree.
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Polygonum cascadense and Erigeron cascadensis have strikingly similar

distributions, but Aster gormanii is currently known from only three

localities, of which two are in the vicinity of Mt, Jefferson in the
High Cascade Range. If it were not so closely limited to this region,

it would be considered a member of the Alpine Element.

Summarz

The geographical elements described are diverse and often over-
lapping. Some correlations exist between elements and the habitats
occupied by member species. The majority of species from the three
southern and eastern elements, which correspond in large part with
Detling's '"xeric species," occur in dry rocky habitats. In addition,
many species of the Eastern, and Southern and Eastern Elements, but
not of the Southern Element, occur in the Xeric Meadow association.
All elements contain some species which grow in the dry rocky areas,
but only the Northern Element contains a majority of species which
occur in mesic or wet habitats. Alpine species are rather closely re-
stricted to Gravel Scree and Vertical Outcrop associations, and all
endemic species sometimes occur in the Gravel Scree association.

All large elements contain species showing a diversity of mois-
ture regimes. Ephemeral annuals, however, occur only in the three
southern and eastern elements, while other life forms are more or less
scattered through all groups. The Northern Element is unique among
those measured in showing no sap tensions greater than 19 atmospheres.
This is partially correlated with the moistness of the habitats occu-

pied by northern species, but is also true where northern species
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inhabit dry environments.

Breeding systems, pollination mechanisms, dispersal adaptations,
and ease of establishment in new environments cannot be correlated with
the geographical elements. Each element shows nearly the complete range
of variation for these phenomena found in the entire group of disjunct
and endemic species.

The evidence indicates that none of the elements, with the pos-
sible exception of the Valley Element, constitutes a discrete floristic
unit., The likelihood that the elements have migrated as associations
is extremely small, but the individual patterns of migration followed

by member species are generally similar.,

Speciation in Western Cascade Disjunct Populations

Theoretical considerations and evidence compiled by numerous
workers predict rapid rates of evolutionary divergence in such ecolog-
ically diverse, seasonally arid environments as the Western Cascades.
Cain (1944) proposes that a compensation of critical or limiting factors
is of major importance in the establishment of extra-limital distribu-
tion patterns., Mason (1945) prefers to rely on the ability of species
to undergo ecotypic variation and readily adapt to new environments,
These proposals are closely related, and both call attention to the
fact that selective regimes will differ between continuous and disjunct
populations, Wilson (1959) and Carlquist (1966a) strikingly demonstrate
this phenomenon on oceanic islands, much more isolated situations than
any terrestrial mountaintop "island.'" Kruckeberg (1967) found numerous

examples of ecotypic differentiation in dry regions of serpentine soils,
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Lewis (1962) and Warburg (1965) show in both plants and animals that
drought, especially if extreme (as was the case in the Western Cascades
in the summer of 1967), can be a potent selective factor. In the case
of Clarkia a single exceptionally dry season brought about a major
shift in the physiology and morphology of an annual population (Lewis,
1962). Stebbins (1952) demonstrates that aridity also acts as a stim-
ulus for evolution in the opposite direction, i.e. into more mesic hab-
itats. In addition, Stebbins and Major (1965) clearly show that "eco-
tonal" regions, in which forms characteristic of two or @ore provinces
overlap, are centers of evolutionary divergence and novelty. The number
and diversity of disjunct elements show that the Western Cascades com-
prise such an "ecotonal" region, and that unique forms should be impor-
tant in the flora.

In spite of the weight of such considerations, little evidence
of divergence has been found in the present study. Relative to the
diversity, both ecological and floristic, of the Western Cascades,
ﬁhere are few endemic species. All three of these species are here
considered to be relatively recently derived, and never to have had a
greatly wider distribution than at present (neo-endemics of Stebbins
and Major, 1965). Thus divergence to the level of species within the
Western Cascades amounts to considerably less than one percent of the
total number of species known from the area.

An equally small proportion of subspecific divergence among the
disjuncts has been noted. No subspecific taxa have yet been described
from the disjuncts, but some taxonomic recognition might be useful for

the Western Cascade forms of Selaginella scopulorum, Allium crenulatum,
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Ivesia gordonii, Gentiana calycosa, and Haplopappus hallii. Lonicera

utahensis and Cheilanthes siliquosa show questionably significant dif-

ferences from parental populations, the former morphological and the
latter edaphic. Complex, morphologically variable taxa which contain
unique Western Cascade forms that should not now be recognized taxonomi-

cally are Arenaria capillaris-Arenaria pumicola, Monardella odoratissima,

Castilleja pruinosa (peckiana), Castilleja rupicola, and Crepis occi-

dentalis.

There are several possible explanations of this lack of observed
divergence. The simplest is that the disjunctions are of such recent
origin that they do not yet show morphological divergence. Evidence
against this hypothesis is found in the ecological stability of almost
all of the disjuncts and the typically large number of sites occupied,
as well as in the rapidity with which divergence has occasionally been
shown to occur. Perhaps more pertinent is the fact that the multiple-
allelic nature of physiological race formation need not involve large
morphological differences between sibling races (Clausen, Keck, and
Hiesey, 1947). 1In this connection Mason (1946) has noted that classi-
cal taxonomic techniques are generally not sufficiently discriminating
to isolate small local differences in morphology or physiology. The
problem here is not nearly of the magnitude of that shown by the many
amphi-tropical disjunctions, a large number of which show identical
variation patterns in both northern and southern hemispheres (Raven,
1963). It does, however, seem likely that further studies with herbar-
ium material and use of transplant and cytological techniques will iso-
late more differentiation of Western Cascade forms than is presently

known.
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Geological History of the Area and Its Effects
on Plant Distributions

Structure

The history of the relationships between the Western and High
Cascade Ranges is poorly known but may have had profound effects on
plant migration between the two ranges. Wells and Peck (1961) and Peck
and others (1964) imply that the sharp physiographic line separating
the ranges, a valley which varies from 300 to 1100 m in depth along the
eastern border of the study area, has been cut completely by erosion
since the middle or late Pliocene. This hypothesis seems inadequate
for several reasons. It seems quantitatively unlikely that at least
1200 m of Plio-Pleistocene flows were deposited and then completely
eroded by stream action. In addition, the authors offer no explanation
for the marked differences in slope steepness on the eastern and western
sides of this physiographic boundary nor for the typical fault-associ-
ated features of the area, especially the numerous hot springs which
more or less follow the physiographic boundary. Peck and his associates
have left unanswered the question of why there should be such a pro-
nounced physiographic boundary if there is no underlying structural one.

If the flat surfaces of Hogg Rock and Hayrick Butte on the crest
of the Cascades can be presumed to be remnants of Pliocene flow sur-
faces (which is unlikely), a maximum of 300 m of glacial stripping from
the various ice sheets occupying the region during the glacial maxima
can be postulated. Present river valleys are incised into the continu-

ously gentle western slope of the High Cascades a maximum of 100 m,
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These considerations also indicate that erosion will not account for
the present boundary. This is seen to be true whether or not the upper-
most flows in the Western Cascades are properly mapped as Plio-Pleisto-
cene,

It is known that the Western Cascades have been uplifted
(Williams, 1953), and in addition that small-scale faulting is not un-
common (G. T. Benson, personal communication, 1968). It thus seems to
me that a fault or series of intermittent faults trending north-south
along the eastern margin of the Western Cascades best explains the
existing physiographic boundary. Such faulting would account for the
early entrenchment of the headwaters of the major river systems along
this line, for the steepness of the eastern edge of the Western Cas-
cades, and for the broken line of hot springs; but would not preclude
the formation of bridges between the two ranges such as are presently
found at Outerson Mountain and Olallie Mountain.

A continuous bridge between the two ranges until the Pleistocene
such as that implied by Wells and Peck (1961) would have allowed for
easy migration from the high peaks to refugia in the Western Cascades
with the first advance of the glacial ice, but is not consistent with
other physiographic evidence. It is most likely that there has been a
distinct boundary between the Western and High Cascades since the origin

of the latter,.

Physiography

The physiography of the Western Cascades affects plant distri-

bution patterns in various ways. Observations have shown that within
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the area the isolation of the various peaks and the number of disjunct
species they support are inversely correlated. This is considered a
function of non-forest habitat size per unit area and resulting ease
of dispersal from a given peak to and from its neighbors.

The "island" terminology employed by Detling (1953, 1968) and
other workers is not strictly accurate. Patches of non-forest habitat
are seldom separated by more than 1 km, and recurrent fires have kept
the forest and non-forest habitats in shifting equilibrium, perhaps re-
sulting in changing patterns of bridges between the islands. Thus long-
distance dispersal as discussed by Baker (1955) and Carlquist (1966a)
need not be invoked within the area nor, for that matter, between the
area and surrounding regions in former times.

Cruden (1966) shows '"'mountain-hopping' dispersal to be an attrac-
tive hypothesis even for explaining amphi-tropical distributions, An
example of how such a mechanism might operate in the Western Cascades is

given below. Families of blue grouse, Dendragapus obscurus, are fre-

quently observed in the Western Cascades, and are particularly abundant
in forest-meadow ecotones where large numbers of disjunct species are
concentrated. These gallinaceous birds are territorial during the
breeding season. They feed primarily on fruits and seeds. Yearly dis-
persal of young birds to neighboring peaks, as well as the mobile be-
havior involved in establishing and maintaining territories, likely re-
sults in the transfer of numerous seeds from the meadows of almost all
of the peaks to their neighbors. Though this mechanism may be of some
importance, it is an isolated example from many possibilities, and it is

not intended that it should be overstressed in its particulars. My major
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point is that dispersal of many plant species among the peaks of the
Western Cascades must be considered easy, natural, and a function of
the distance between them.

Glacial history has had a controlling influence on both the
physiography of the area and the distributions of several of the dis-
junct species, Available evidence indicates that there was no ice
- sheet, but rather a large number of relatively small alpine valley
glaciers scattered through the Western Cascades.

The occurrence of eight basically high alpine disjunct species
in regions where signs of glacial activity are concentrated suggests a
comparison of these peaks with nunataks (Fernald, 1925; Gjaerevoll,
1963). The classic nunatak, as discussed by Gjaerevoll (1963), is a
barren peak emerging from an essentially continuous sheet of ice. Al-
though there has been much argument concerning the possibility of plants
surviving the rigors of such environments, observations on the Greenland
ice sheet show that many nunataks are characterized by south-facing
slopes of loose gravelly material that support a surprising diversity
of plant types., This description is striking in its resemblance to
many of the highly glaciated Class 1 peaks of the Western Cascades. In
addition, Gjaerevoll demonstrates, using floristic considerations and
the discovery of a pre-Whrm (= Wisconsin) soil surface, that many high
arctic species have persisted on Norwegian nunataks through times of
glacial maxima to the present. Finally, one of the alpine disjuncts,

Polemonium pulcherrimum pulcherrimum has been noted by Van Vechten

(1960) to occur in the Three Sisters only above all evidences of glacial

activity. In the Western Cascades Arenaria rubella, Ivesia gordonii,
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Polemonium pulcherrimum, Linanthastrum nuttallii, and Erigeron compos-

itus are all restricted to sites above former glaciers.

Substrate texture is a third important factor in the physiography
of the Western Cascades. This characteristic, together with three re-
lated variables, has been used to divide the mountain peaks into classes.
Mountains with dense, non-scoriaceous volcanic rocks (Class 2) erode
into piles of slowly weathering blocks of fallrock. Except near the
summits, slopes are relatively gentle and forested unless cleared by
recent fires. Meadow areas are not abundant, and there are still fewer
open rocky areas available for plant establishment. On the other hand,
Class 1 peaks, frequently composed of highly scoriaceous volcanic rocks,
erode more rapidly to a fine gravelly scree which is in continuous
motion downslope. Near the summits outcrop areas are plentiful, and
lower on the slopes accumulation of weathered volcanic material leads
to the formation of extensive subalpine meadows which vary greatly in
moisture availability., On these peaks the rate of weathering of the
parent rock approximately equals the rate of its erosion, and large
areas remain in youthful condition, unable to follow the normal succes-

sional sequence to closed forest.

Age and Its Effect on Diversity

Margalef (1958, 1963) has proposed that the maturity of an eco-
system is directly and causally correlated with its structural and tax-
onomic diversity, stability, efficiency, and high longevity and low
reproductive potential of member organisms. In fact, maturity of a

system is impossible to define objectively other than by use of such
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measures as Margalef suggests. Such vague criteria as stability do
not, however, add to the force of his arguments. Much of his hypothesis
is supported by his own work with marine zooplankton, and by others
working with various aquatic systems. Related to Margalef's proposal
is the well-known time theory of increasing diversity reviewed by Pianka
(1966). This theory states that the longer an area is free of major
disturbance the more diverse it will be. Pianka concludes that the
time theory is undoubtedly true for small areas but is inadequate as
a global hypothesis. Comparative observations of the relative diver-
sities of the Western and High Cascades demonstrate the necessity of
reconsidering these ideas as they apply to the Western Cascades.

Seven peaks of the lower High Cascades, exhibiting the same
range of elevation, slope steepness, and parent material were sampléd
floristically for comparison with the Western Cascades. The climatic
regime at this longitude (about 8 km east of the study area) is slightly
drier and windier, since cloudbanks typically begin to lift at the
eastern border of the Western Cascades, but the major differences be-
tween the two regions are the age and texture of the parent material.
Flows of dense volcanic rocks are present but local in distribution,
while most of the surface is covered with relatively recent ash fall.
The peaks in this area are primarily cinder cones, some of which are
eroding at approximately the same rate as Class 1 peaks in the Western
Cascades.

These peaks have a markedly less diverse flora than do Western
Cascade peaks. Sand Mountain and Hoodoo Butte, relatively recent

cinder cones, support 26 and 63 species respectively, while Maxwell
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Butte and Grizzly Peak, older mountains with a greater proportion of
dense volcanics (the latter is an erosional remnant of the flank of
Mt., Jefferson), totaled 122 and 138 species respectively. Typical
Class 1 peaks within the study area support 289 (Iron Mountain), 286
(Rebel Rock), 228 (Horsepasture Mountain), and 210 (Browder Ridge)
species.

It is likely that diversity of substrate texture and substrate
modification by plants with time are inseparable variables in this
analysis, since both correlate directly with diversity. Roach's (1952)
finding that very recent lava flows are floristically more diverse
where abundant moisture was available (bogs, lakes, and streambanks)
indicates that substrate modification is important, and perhaps ob-
scures any age factor that might be present in the above data.

This problem can be approached from another point of view by
considering habitats within the Western Cascades. When the described
habitats from fresh outcropping rock to mature mesic forest are placed
in a general successional scheme, analysis shows that it is the younger,
dry, open areas which support the greater portion (60 percent) of the
floristic diversity within the study area. Combined non-forest habitats
contain 80 percent of all Western Cascade species, while only 35 percent
are ever found in forest associations. This is quite the opposite of
the implication of Roach's data and at first glance seems contradictory
to both Margalef's ideas and to the time theory of diversity.

It has been demonstrated that the rocky areas and derived dry
meadows cannot be considered stable--the substrate is moving downslope

at a considerable rate. It is proposed here that these areas are
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predictably unstable, and that because of the approximate equilibrium
between weathering and mass wasting on floristically diverse Class 1
peaks they are continually rejuvenated. This creates a system low in
the successional sequence, but sufficiently predictable that many non-
weedy species have been able to continue existence and to adjust com-
petitively to the addition of an unusually large number of species to
a basically unproductive habitat. It is likely that these perennially
young systems have been evolving for at least 10,000 years.

Thus the Western Cascades are seen to comprise a specialized
series of terrestrial environments which do not entirely support
Margalef's hypothesis. Although considerable diversity in succession-
ally young habitats can be accounted for by replacing Margalef's sta-
bility criterion with one of predictability, the relative lack of
diversity in the presumably ancient, stable, structurally diverse,
efficient, longevous forest associations contradicts both Margalef and
the time theory of diversity.

An Evaluation of the Xeric Island Concept
and Theories of Migration

The Hypothesis

The essence of the Xeric Island Hypothesis (Detling, 1953) can
be stated as follows: During the post-glacial xerothermal maximum,
xeric species from the Rogue River Valley and from east-central Oregon
became widespread in western Oregon, occupying dry habitats in the
Western Cascades (and to some extent in the Coast Range). Following a

climatic reversal, they have persisted as relicts in areas of minimal
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competition with gradually re-establishing mesic forest species.
The hypothesis is dependent on the palynological studies of
Hansen (1942, 1947, 1955) and Heusser (1960), who have demonstrated a

xerothermal maximum at about 6000 years ago. Pollen of Pinus ponderosa,

composites, grasses, and chenopods reach maxima just above a distinc-
tive layer of Mt. Mazama ash in many bogs. Radiocarbon dating of
charred stumps has placed the eruption of Mt. Mazama at approximately
6500 years B.P., (Flint& Deevey, 1951). Sears (1942) has pointed out the
difficulty in adequately defining and dating xerothermal intervals in
eastern North America and Europe. The fortuitous timing of the last
violent eruptions of Mt. Mazama and the wide distribution of the re-
sulting ash fall in western North America obviate many of the diffi-

culties experienced in other regions.

Problems Raised by the Hypothesis

Detling's synthesis of information, as represented by the Xeric
Island Hypothesis, has been the outstanding contribution to knowledge
of the vegetational history of the Pacific Northwest. However, incor-
porated into the hypothesis are inaccuracies both in theoretical con-
siderations and in supporting data largely because of the imprecise
definition of "xeric" in the latter.

One source of error in the supporting information includes sev-
eral misinterpretations of ecological field evidence. Detling suggests
(1953) that heat absorption by the exposed dark rocks results in longer
growing seasons for plants occupying these habitats. This conclusion

is not warranted since, in any modified Mediterranean climate such as
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that in western Oregon, growing seasons for most species are limited
by lack of moisture, not by low temperatures. This is especially true
on steep, bare, south-facing slopes at moderate elevation where growing
seasons are considerably shorter than elsewhere in the Western Cascades.

In addition, only 14 of the 32 species discussed as xeric by
Detling actually occur in the extreme, hot, dry environments he de-
scribes in formulating the hypothesis., The rest are more typically
found in meadow associations, which have been shown by sap tension
measurements frequently to offer less stressful environments than even
the surrounding mesic conifer forest. Species of other habitats, such
as snowbeds, are also included in Detling's list,

Like many earlier phytogeographers, Detling relies heavily on
the geographic origin of species in interpreting not only their migra-
tional paths but also, with considerably less validity, their ecological
relationships to other vegetational elements. Persistence or extinction
of a disjunct species cannot be predicted from its direction of origin
alone. It is rather a result of many aspects of the ecology of the
species, including ranges of tolerance to many factors, opportunism,

competitive ability, etc.

Definition of Terms

A major result of these considerations is that it is impossible
to determine what Detling and other workers have meant when they have
referred to '"xeric species'" and 'xeric environments." In the Western
Cascades all habitats are to some degree seasonally dry and could at

those times be classified as xeric, Application of the sap-tension
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pressure-bomb in the Western Cascades has supplied a means of quanti-
fying functional moisture stress. This technique is useful in formu-
lating definitions for individual species in given habitats. Ranges of
tolerance can be analyzed and specific habitats can be compared. The
resulting definitions of plant-environment associations are complex and
involve many variables. Generalizations from them are difficult to make
without loss of essential information. The term "xeric" is thus too
general to be applied meaningfully in such definitions or wherever

moistures regimes are being studied on a specific level.

Patterns of Migration

It has often been assumed, as in Detling's work, that advancing
species migrate in a continuous front and that disjunct populations
perforce indicate former continuity (at least through time) between
them. Deevey (1949) points out that the ranges of virtually all species
are characterized by disjunctions of some magnitude. Work with the
biota of oceanic islands (Carlquist, 1966a; Wilson, 1959; etc.) has
emphasized long-distance dispersal, and others (Raven, 1963; Cruden,
1966) have discussed the likelihood of various types of shorter-distance
disjunct dispersal in terrestrial environments. Detling's recognition
of the Western Cascade peaks as "islands" in fact requires this kind of
dispersal to some extent rather than continuous-front migrational ad-
vance. The work of numerous biogeographers has made it clear that in
every species disjunction of any magnitude, both kinds of migration

must be carefully considered.
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Relict Terminology

Failure to recognize the possibility of long-distance dispersal
as a factor in migration forces the conclusion that all disjuncts are
relictual in nature. Thus an examination of the meaning and implica-
tions of relictual status is in order. Fryxell (1962) and Holmquist
(1962) are in agreement that relict concepts have been much confused
in the past. Working independently, they achieved a botanical-zoolog-
ical consensus in defining a relict as a plant or animal living on as
a fragmentary survival from an earlier period. They term the type of
relict suggested by the Xeric Island Hypothesis a geographical or eco-
logical relict--a locally relictual portion of an otherwise non-relict
entity,

Most biogeographical studies have deep roots in the relict con-
cept, although several workers have attempted to de-emphasize it. Cain
(1944) proposes that relictual status of a disjunct population cannot
be assumed, but must require reasonable evidence. Deevey (1949) goes
to great lengths to provide alternative hypotheses to those of "per-
sistence" of species in any area during a major climatic change. Such
an extreme approach stems from a reaction to Fernald's original '"nunatak
hypothesis" (1925), which, while in large part wrong, has been in my
opinion the greatest single stimulus to phyotogeographic inquiry in
North America. Cain's modest argument is sound, but Deevey strains
credibility by over-reacting to one-sided presentations such as those
of Fernald, Braun (1955, etc.), and Detling. Raup (1941) and Marie-
Victorin (1938) offer the least biased but early reviews of these con-

cepts.,
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Ecological Relicts vs. Recent Adventives

J. C. Nelson made the following statement regarding the ignoral

by botanists of newly discovered extra-limital species in western Oregon:
To say that these species are only recent introductions, and do
not belong ecologically to this district, is only to beg the
question. How can we show that they have not been here as long
as the species which are more characteristic? The desert plants
growing on gravelly prairies about Salem are as integral a part
of the local flora as any typical west-coast forms. (p. 23)

Nelson's argument appears valid, but it is occasionally disre-
garded, even today. Conversation with various officers and employees
of the Willamette National Forest indicates that the predominant opin-
ion concerning Western Cascade disjuncts in that organization sharply
contradicts the ideas of Detling. According to this view, the disjuncts
were carried into the area by summer-grazing sheep from eastern Oregon
during the last 80 years or so and have persisted because of the pro-
found envirommental degradation due to overgrazing. The conclusion
reached is that the disjunct species are a product of the activities of
man, and that they should thus not be considered a unique or especially
interesting feature of the region.

The volume of information gathered in this study about the large
number of geographically, ecologically, floristically, and behaviorally
diverse disjunct species in the Western Cascades stands as testimony
against this hypothesis as any sort of general explanation of Western
Cascade disjunctions. It is likely, however, that sheep have had an
important effect, together with the native fauna, on dispersal of dis-

junct plants within the area. It is also important to note that pre-

vious overgrazing has probably altered the vegetation aspect of the
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Western Cascades, especially the non-forest areas. It is unlikely
that many species have become extinct or that large numbers of new
species have been added to the area by such mechanisms. However, rel-
ative abundances, especially of native grasses and species such as

Pteridium aquilinum and Rubus parviflorus which probably replaced them,

bhave no doubt been considerably altered by such disturbance. Sheep
grazing in the Western Cascades was discontinued about 25 years ago.
Observations over the last 10 years (John Lincoln, personal communi-
cation, 1968) indicate that grasses are currently becoming more abun-
dant in several areas.

The presence of many of the disjunct species in the passes of
the Cascade crest does indicate recent and perhaps continuing migration
of these species across the high mountains to the Western Cascades. I
seriously doubt that these species can accurately be considered relicts,

Two species, Artemisia tridentata and Helianthus cusickii, are

known from only a single locality in the Western Cascades. They are
not in equilibrium with the surrounding communities, as is evidenced by
their lack of habitat specificity. It is likely that these two species,
at least, represent introductions within the last half century, perhaps
by sheep.

Thirteen large trees of Populus tremuloides with numerous root

sprouts have been discovered in Quaking Aspen Swamp. Heartwood is
rotten in most of these specimens, but corings and diameter measure-
ments indicate that the age of these trees is well over 100 years.
This age significantly decreases the probability of human-related dis-

persal factors for this species of the Eastern Element.
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Thus, recent adventives into the area are considerably more
important than thought by Detling, but dispersal within the last cen-

tury cannot account for the diversity of disjunct forms in the area.

Concluding Comments on the Xeric Island Hypothesis

The basic ideas of the Xeric Island Hypothesis are strong
enough to stand independent of the inaccurate information and question-
able theory originally used to support them., Detling's general obser-
vations, which are essential to any understanding of the vegetational
history of the Pacific Northwest, are supported by the present, more
intensive study. The situation is, however, much more complex than
envisioned by Detling. While further investigations have pared Det-
ling's original list of 32 disjunct species to 13, additional discov-
eries have brought the number to more than 80. These species are found
in every major habitat type in the Western Cascades, show great diver-
sity in patterns of migration and evolutionary divergence from close
relatives, and comprise a wide range of life histories., The Xeric
Island Hypothesis must be modified and expanded to assimilate all the

evidence now at hand,



SYNTHETIC HYPOTHESIS

Results of the present study support the following major con-
clusions:

1) Western Cascade disjuncts are notable in the diversity of
their geographical, ecological, physiological, taxonomic, evolutionary,
and behavioral patterns. Generalized geographical elements do not rep-
resent floristic or vegetational units, and no single migrational mech-
anism can account for the presence in the Western Cascades of all the
members of any of the elements.

2) Origin of the disjunct populations is best explained using
a synthesis of the hypotheses and principles of many workers. Northern
and high alpine species are true relicts which have survived in the
area since the glacial maxima of the Pleistocene. Many of these spe-
cies were dispersed over distances of many kilometers. Southern, East-
ern, Southeastern, Valley, and Widespread Elements have migrated to the
area since the most recent glacial retreat. Such species followed sev-
eral migrational paths from the east, south, and west, and were dis-
persed from varying distances to the hotter drier localities within
the study area and throughout western Oregon. Dispersals of these ele-
ments to the area reached their peak during the xerothermal maximum
about 6000 years ago, and for some species have continued in lesser
numbers to the present, due both to natural causes and to disturbance.

Annuals and biennials establish in new environments more readily and
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appear to migrate in shorter steps than wind-dispersed perennials.

3) Endemic species probably evolved between the late Pliocene
and the xerothermal maximum, within or near the areas presently occu-
pied. One endemic species may be approaching extinction.

4) Continuance of both disjunct and endemic species popula-
tions has been permitted by the near equivalence of the destructive
geologic processes of weathering and mass wasting. Continued rejuv-
enation of outcrop areas, and rockfall and fine scree slopes has pro-
duced a predictably young environment for which both high alpine and
lower elevation dryland species are suited. Surrounding mesic forest
communities are incapable of succeeding into the young environments.

The continued existence of Mesic and Wet Meadow associations, which also
support numerous disjunct species, is more difficult to interpret but

is partially due to heavy snow pack, rapid movement of substrate, abun-

dant moisture, and natural disturbance by fire. The equilibrium between
the latter communities and the forest seems to be much less stable than

that between forest and the drier peremnnially young environments.
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