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I. INTRODUCTION

NATURE OF THE STUDY

The Klamath Region, between the southern Cas-
cade Range and the Pacific Ocean in southern Oregon
and northern California, is an area of exceptional
ecological interest. These old and geologically ecom-
plex mountains support an exceedingly complex pat-
tern of natural eommunities in relation to steep eli-
matic gradients and diverse parent materials, and
among these communities a prevailing climax, the
Mixed Evergreen Forest, which has a central relation
to other western forest vegetation. One area of the
region, the Siskiyou Mountains along the California-
Oregon border, was selected for vegetation study.
Quantitative samples were taken over a wide range of
topographic situations, climates, and parent materials
for gradient analysis, seeking to relate distributions
of plant populations and characteristies of communi-

1 A contribution from the Department of Zoology, Washington
State University, and the Department of Biology, Brooklyn
College. This study was supported in part by the funds for
biological and medical research of the State of Washington
Initiative Measure No. 171. The author is indebted to M.
Ownbey and A. Cronquist for determination of the plant
collections, to D. I. Axelrod, R. W. Chaney, H. D. MacGinitie,
and F. G. Wells for comments on the manuseript.
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ties to environmental gradients. Analysis and inter-
pretation were based on the conception of the vege-
tation as a multi-dimensional pattern, and on study of
the manner in which local patterns of vegetation in
relation to topographic moisture gradients change
along climatic gradients and from one parent material
to another. The sections which follow include vege-
tation desecription, climax interpretation, community
classification, floristic analysis, and consideration of
species distributions for the pattern of Siskiyou
forest vegetation in relation to four major environ-
mental gradients—local topographic moisture, eleva-
tion, the diorite-gabbro-serpentine series of parent
materials, and the east-west climatic gradient from
the Pacific Coast inland.

GEoLOGY

The dominating topographic features of the Pa-
cifie Coast states are the two chains of mountains
which run parallel to the Coast from Canada to
southern California, and the chain of valleys between
them. The higher, inner mountain chain is formed
by the Cascade Range and the Sierra Nevada; the
lower, outer chain includes the “Coast Ranges” in a
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Fie. 1. Map of Siskiyou Mountains of California and Oregon in relation to other, adjacent ranges.

Major study areas on three parent materials within the Mixed Evergreen Forest Region are outlined and
marked with eircled letters: (D) the diorite area, (S) the serpentine area, (G) the area of gabbro and

hornblende diorite.

Study areas for the west-east climatic transect from the Coast inland are marked with

circled numbers: (1) Mill Creek State Park (Sequoia forest), (2) South Fork, Smith River (coastal Pseu-
dotsuga forest), (3) Siskiyou Fork, Smith River (mixed evergreen forest, more mesie .phase), (4) Sturgis
Creek (mixed evergreen forest), (5) Beaver Creek (mixed evergreen forest, more xerie phase), (6) Emi-
grant Creek (oak woodland, with Pseudotsuga forest in most mesic and valley grassland in most xeric sites).

broad sense. In northern California and southern
Oregon a complex of mountains, the Klamath Ranges,
extends from the Coast inland to the southern Cas-
cade Mountains and interrupts the chain of valleys
between the two mountain chains. Geographically
the Klamath mountains are part of the coastal chain;
but they differ from the Coast Ranges north and
south of them in age and history, in geological char-
acter and complexity, in height and east-west extent.
Their closest geological relations are not with the
Coast Ranges, but with the Sierra Nevada and the
older core of the Blue Mountain complex of Oregon
(Fenneman 1931).

The Klamath Region, as it was outlined, described,
and named by Diller (1894, 1902, 1903, 1906, 1914),
extends north and south for about 390 km, and west-
ward from the Cascade Mountains about 120 km, to
reach the Pacific Coast between 41° and 43° north
latitude, with a total area of about 34,000 km2. The
Siskiyou Mountains are the northernmost of the

major mountain groups of the central Klamath Re-
gion; like other major ranges of the Region, they are
a complex area of mountains rather than a well-
defined ridge. The Siskiyous extend in an east-west
direction along and on each side of the California-
Oregon border, north of the Klamath River and south
of the Rogue River. From the Pacific Coast they
extend inland from low mountains, with elevations
less than 1000 m near the coast, through the main
area of mountains of intermediate elevations, in-
cluding some peaks ahove 2135 m, to the low moun-
tains which connect with the southern Cascade Range.

The older geological history of the Klamath
Mountains is essentially the same as that of the Sierra
Nevada (Diller 1894, 1903, 1906; Fenneman 1931).
Extensive masses of sedimentary rocks were deposited
in an inland sea in Devonian and Carboniferous time;
and, at the close of the Paleozoic, these and other
rocks were folded and raised into mountains. These
mountains were worn down, and much of the area
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submerged in Triassic and Jurassic time, while addi-
tional sediments and voleanic materials were de-
posited. At the close of the Jurassic, extensive de-
formation and intrusion occurred, accompanied by
another uplift. A long cycle of erosion followed until,
during the Cretaceous, the low mountains remaining
subsided and were again largely submerged, with
deposit of extensive sedimentary rocks.

At the close of the Cretaceous the Klamath Moun-
tains were again uplifted; and they have existed, as
at least low mountains, throughout the Cenozoic, with
a complex history of uplift, subsidence, and erosion
(Diller 1902). Results of this history are to be seen
in wave-cut coastal terraces (Diller 1903, Fenneman
1931:463, Dicken 1952) and peneplain remnants
(Diller 1902) in the Siskiyou Mountains. One of
these, the Klamath peneplain, is of major significance
in the study area. Erosion during the early Cenozoic
reduced much of the region, by Miocene time, to a
surface of low relief above which seattered mountain
ranges rose. This peneplain was later subjected to re-
peated elevation and subsidence, and probably some
tilting and deformation. The Klamath peneplain now
appears as a dissected plateau, the surface of which in
general rises from the Coast inland and from the
north to the south. In the Siskiyous it is about 500
m near the coast, but rises to 1200 to 1350 m, 40 to
80 km inland; farther south in the Salmon and Yolla
Bolly Mountains remnants appear at 1800 to 2200
m (Diller 1902, Fenneman 1931). In the central
Siskiyou area, one may climb onto the peneplain by
the Wimer Road and observe its surface in the serpen-
tine and gabbro uplands west of the Illinois Valley.
Sighting across the valley one may observe remnants
of the surface in the lower, metavolcanic mountains,
while the diorite monadnock of Grayback Mountain
rises above it to 2148 m.

A great mass of ancient, clogely folded and faulted
rocks, generally metamorphosed, and intruded by
igneous rocks, form the Klamath Mountains (Fenne-
man 1931). The consequence of their history of
sedimentation, vuleanism, and igneous intrusion, up-
lifting, folding, faulting, and erosion is an extremely
complex mosaic of rock types, a mélange of diverse
parent materials. Peridotite and serpentine intru-
sions, characteristic of many mountains and island
chains (Hess 1955), are especially extensive and con-
spicuous in vegetational effect. The deformation of
these mountains was due to repeated compression
from the east; and the folds thus formed are curved
or crescent-like, striking southeast toward the Sierra
Nevada in the southern part of the Klamath Region,
northeast toward the Blue Mountains in the northern
part (Diller 1914, Fenneman 1931). A trend toward
the north-northeast is evident in the formations out-
cropping in the area of the Siskiyous studied (Wells
et al. 1949, Wells & Walker 1953).

Geologic maps for Siskiyou quadrangles have
been published by Diller (1903), Diller & Kay (1924),
Maxson (1933), Wells (1939, 1940), Wells -et al.
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(1949), Wells & Walker (1953), and Cater et al.
(1953). The Kerby and Grants Pass quadrangles
(Wells et al. 1949, Wells 1940) include the main
study areas in the central Siskiyous. In the Grants
Pass quadrangle, the most extensive area is under-
lain by metavolcanie rocks of Paleozoic age; along
with these oceur a number of larger and smaller out-
crops of diorite, thought to represent a single great
batholith of Jurassic or Cretaceous age. Of these,
the larger outerop of quartz diorite (about 120 km?)
which includes Grayback Mountain served as one
study area. Other rocks on which vegetation could
be observed in the area included various metasedi-
mentary rocks—the marble in which the Oregon Caves
oceur, slate, argillite, and quartzite—and serpentine.
In the Kerby quadrangle large areas of both serpen-
tines and gabbros occur, together with various meta-
voleanic and metasedimentary rocks, granodiorite,
hornblende diorite, dacite porphyry, and amphibole
gneiss. The unmetamorphosed serpentines are pre-
dominantly saxonite, with small areas of dunite and
pyroxenite. The fringes of the main peridotite mass
and the smaller outcrops outlying from it are largely
metamorphosed into serpentine rock in the narrower
sense. The peridotite and serpentine together form a
great sheet, thousands of meters, but probably not
over 4500 m, in thickness intruded along planes of
weakness into the other rocks of the area. The study
of low-elevation serpentine vegetation was concen-
trated in the peridotite and serpentine area from
Eight Dollar and Josephine Mountains west to Chetco
Peak and $outh beyond Oregon Mountain into Cali-
fornia. This, with a north-south extent of 90 km
and an area exceeding 700 km?2, is the largest body
of ultramafic rock in the United States and perhaps
in North America (Wells et al. 1946 Cater et al.
1953). The olivine gabbro study area, of about 36
km? including York Butte, is part of a larger belt of
gabbro and hornblende diorite (over 260 km?2), also
intruded in Jurassic or Cretaceous time, lying north-
west of but parallel to the serpentine area.

The complex rock pattern and history of the
Klamath Mountains have produced no well-defined
trend in stream drainage and ridge direction; the
Siskiyou Mountains give the impression of “. . . a
confusion of broken mountain ridges with steep and
stony slopes . . .” (Peck 1941). The principal rivers
of the Klamath Region cut transversely across it,
running generally westward from the interior valleys,
through deep canyons in the mountains themselves,
to the ocean (Anderson 1902). Walls of these can-

. yons are.long, and often steep, inclines from-the up-

land to the valley bottoms, interrupted in some cases
by terraces remaining from past erosion eyecles (Diller
1902, Fenneman 1931); valley bottoms are mostly
narrow. Mountain slopes with an average grade of
30° or more through a range of 1000 m or more are
common; over most of the region rugged mountain
topography prevails. Although the Klamath pene-
plain is represented by rolling uplands in some areas
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of the Siskiyous, the mountains of lower elevations
are in general stream-eroded to topographic maturity.

Topography of higher elevations of the Klamath
Mountains has been shaped by many local alpine
glaciers; the deseription of glacial effects in the
Trinity Alps by Hershey (1900) applies as well to
the Siskiyou Mountains. Cirques, with steep rock
walls with scanty vegetation and floors with tarns
and mountain meadows, occur in the Grayback area
and other higher mountains; but the fraction of the
area showing glacial topography is small. The non-
forest vegetation of the glacial topography is out-
side the concern of the present monograph.

Tur CeENTRAL Revation or THE KrLAMATH FORESTS

To the ecologist familiar with both the Southern
Appalachians and the Klamath Mountains, there are
a number of striking parallels between these regions.
Both are old mountains, with land surfaces which
have been continuously occupied by vegetation
throughout the Cenozoie, at least. Both persisted as
monadnocks through major early Cenozoic cycles of
erosion, culminating in the Schooley peneplain of
the Southern Appalachians, the Klamath peneplain
of this region. Both have been refuges for plant
populations destroyed in other areas by glaciation,
submergence of coastal plains, climatic desiccation,
and, in the West, the great lava flows of the In-
terior. Both contain modern vegetation which is
most nearly related to the widespread Arcto-Tertiary
forests of the earlier Cenozoic. Both are areas of
great vegetational diversity, and also areas of great
floristic diversity and concentrations of narrowly
endemic species. Both have “central” relations to
the forest floras and vegetations of other, surround-
ing areas.

Figures are not available, but there is no doubt
that the flora of the Klamath Region is extremely
rich in numbers of species and numbers of narrow
endemics for its latitude. Many genera show cen-
centration of high proportions of their species, in-
cluding endemics, in this area. Many of the en-
demics appear to be relicts of formerly wider distri-
butions; in other cases species have probably spread
from the Klamath Region to other.areas of the
West. Thus in the genus Crepis, a number of diploid
species are now relict in the Klamath area, while
genetic material from these has been used in apomietie
polyploids which have spread over semi-arid environ-
ments of the Interior (Babcock & Stebbhins 1938).
The region possesses also a greater diversity of forest

. communities, in a more complex vegetation pattern,
than any comparable area of the West. With the
exception of more typical forms of the Pigmy Conifer
Woodlands, all the plant formations dominated by
trees of the western United States oecur there, as
they do in no other area.

Three interrelated reasons for this central rela-
tion may be given on the basis of the vegetational
history of the West, the geological history and char-
acteristies of the mountains, and their location. In
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broadest statement, the history of western forests
from Miocene time to the present has been one of
progressive shrinkage toward the Coast and higher
elevations, accompanied by progressive differentiation
in the different areas of the West, while the diverse
floristic elements of the Madro-Tertiary Geoflora
were progressively expanding and differentiating in
the Southwest and the drier lowlands of the Interior
(Chaney 1947, 1948, Axelrod 1958, 1959). Forests
most suggestive of the mixed forests of the Miocene
are now restricted to the Southern Appalachians in
the Hast, the Klamath Region and coastal California
in the West. It is in these two areas that the combi-
nation of sufficiently favorable moisture conditions
with sufficiently warm temperatures permit the exist-
ence today of remnants of the Arcto-Tertiary Geo-
flora. The significance of the Southern Appalachians
in relation to the eastern forests has been extensively
developed by Braun (1935, 1938, 1947, 1950).

A second basis of the central relation of the
Klamath Region is in its elimatie, topographie, and
edaphic diversity, together with the age of the moun-
tains. Climatic variation and topography permit a
wide range of communities to exist in the region and
in different situations in a given area. The different
parent materials also have striking effects on floristie
and vegetational diversity. Many of the narrowly
endemic species in which the region is so rich oceur
on serpentine, gabbro, or other localized parent mate-
rials. Parent-material differences make possible also
much of the distributional overlap in the region of
species with diverse geographie relations. Thus, in
the central Siskiyous, Tazxus brevifolia in the south-
ern part of its distribution oceurs on diorite, Pinus
ponderosa near the western limit of its distribution on
gabbro, and Pinus jeffreyi near the northern limit of
its distribution on serpentine; these three species ap-
pear in the same limited area, but not in the same
stands.

The diversity of habitats has been characteristic
of the area throughout its long history, although eli-
matic gradients were probably less steep before mid-
dle Pliocene time. Even at the maximum develop-
ment of the Klamath peneplain, mountains of diverse
parent materials existed in the area. The region has
at all times offered a complex mosaic of habitats, per-
mitting species of diverse environmental requirements
to persist in the area while changing climates elimi-
nated some species elsewhere, and caused others to
migrate north or south from the range, or to become
largely restricted to the Interior east of the range,
while leaving relict populations in the Klamath Re-
gion.

Finally, it may be observed that the location of
the region makes it the meeting ground of floras of
diverse climatic relations. In it the flora which may
be broadly termed “Northwestern” meets part of the
“Californian” flora, with representation also of the
floras of the arid Interior and interior mountains.
The Mixed Evergreen Forest climax itself is the
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link between the coniferous Coast and Montane For-
ests on the one hand, and the broad-selerophyll vege-
tation of California and Oregon on the other. More
than any other area, the Klamath Region is central
to the forest floras and forest vegetation of the West.

CLIMATE

The location and topography of the Klamath Re-
gion imply a wide range of climatic conditions, in-
cluding steep climatic gradients from the Pacific
Coast inland (Engelbrecht 1955). Coastal climates
are strongly maritime, with high precipitations and
humidities, abundant fog, limited ranges of tempera-
tures, and low temperatures for their latitudes. The
mountains paralleling the coast limit the extent of the
maritime influences inland, and produce rapid eli-
matie change toward drier, warmer, and more conti-
nental conditions in the interior valleys. Isopleths of
January and July temperatures, annual range of
temperature, annual precipitation, and relative hu-
midity and evaporation, all tend to parallel the coast
(Visher 1954). Xendrew (1937) observes of one
aspect of these climatic gradients, that.the contrast
in temperature conditions between the coast at San
Francisco and the Great Valley of California is as
great as that between Scotland and North Africa,
although the distance is only about 120 km.

Climatic data available for the Siskiyou Mountains
themselves (Bowie 1934, Wells 1936, 1941, Sprague
1941) are summarized in Table 1. The stations are
arranged in two sequences from the coast inland in
California and in Oregon. Mean annual tempera-
tures for low elevations in these mountains are rather
consistently around 11.0-11.5°C. Average tempera-
ture conditions of valley stations are much the same
throughout the area; but the inland stations are at
higher elevations, and temperatures at comparable
elevations are consequently warmer in the interior
than on the coast. More marked contrasts appear in
ranges of temperature. Mean monthly temperatures
for January decrease from about 8.0° to 1.0-3.0°C,
while those for July increase from about 15.0° to
21.0-23.0°C. The difference between these mean
monthly temperatures, as an indication of the gradient
from more equable maritime toward more variable
continental climates, increases from about 7.0° on the
coast to 19.0-21.5°C in the interior valleys. Similar
trends may be observed in the extreme temperatures
given in Table 1.

Mean annual precipitation decreases strongly
from the coast inland, from values over 180 cm,
through values of 80 to probably 150 e¢m in the cen-
tral Siskiyous, to values below 50 em in the interior
valleys. The data for Waldo, in the Illinois Valley
between the principal study areas, bear most directly
on the work in the eentral Siskiyous. Siskiyou Sum-
mit is in the low mountains connecting the Siskiyous
with the southern Cascade Range, and is thus not a
part of the‘low-elevation sequence.

All the stations have maritime patterns of seasonal
distribution of precipitation, with heaviest rainfall in
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TaBLE 1. Climatic data for stations at low elevations
in the Siskiyou Mountains, from the Coast inland in
California and Oregon.
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California
Crescent City....| 16| 38[11.3] 7.7|15.2|— 7| 39| 230 193] 6.5
Happy Camp .. 64| 700 3.2/22.1|—14| 45| 159] 105 3.9/ 66
Scott Bar. ...... 92| 549 63| 6.0
Yreka.......... 122| 801[10.8| 1.0/22.0(—22| 44| 129| 44| 9.5 42
Montague. .. .. .. 130| 747(11.7| 1.0(22.6{—26| 43| 141| 31| 14.9] 24
Oregon
Brookings... ...| 10{ 37|11.3| 7.9/14.6|— 8| 38| 269| 187 8.9 3
Buckhorn Farm. 49| 396{11.3| 4.1(20.1|—14| 42| 150 180{ 3.9| 65
Waldo. . . 47| 503(10.3| 2.4{19.5|—17| 43| 155| 126| 5.8/ 84
Williams . ....| 80| 457|11.1{ 3.7(19.4|—16] 42| 145/ 81 6.3 48
Grants Pass. . . 88| 287(11.8] 3.9(21.1|—18| 45| 132| 74 6.5 22
Jacksonville... .| 106| 500{11.4| 2.6|21.6{—18| 41| 190| 67| 8.8 32
Talent ......... 118| 480[11.6| 2.9(21.7|—17| 42| 170| 42| 13.6] 21
Ashland...... .| 124 601{11.4| 3.3|20.8{—17| 41| 182 50| 12.8| 45
Siskiyou Summit.| 130[1363 0.6{18.3|—21{ 38 83 9.8

winter, December -and January, lightest in summer,
July and August. The area is in the transition be-
tween the two Pacific Coast types of rainfall regime
(Ward 1925, Kendrew 1937), the North Pacific with
its limited summer rain and the California type with
its practically rain-free summers. At Waldo the four
monthg from November to February include 65% of
the rainfall, the four months from June to Septem-
ber 6%. Maritime fogs, or low stratus, are a promi-
nent feature of the coastal climate, where fog may
be present 509 of the summer hours and where fog
and fog-drip from trees contribute significantly to
the humid conditions of the redwood belt (Cooper
1917, Byers 1953, Patton 1956, Oberlander 1956).
Relative humidities may be assumed to decrease, and
evaporation, hours of cloud-free sunlight, and diurnal
temperature range to increase toward the interior; but
data are not available.

In general character the climates of low elevations
in the Siskiyous are warm-temperate, summer-dry,
“Mediterranean” climates; corresponding to these
climates, plant communities in which broad-leaved
evergreen or sclerophyllous trees are prominent pre-
vail over most of the range. The climates of these
forests, and especially those of the redwood belt, are
considerably more humid than those of Mediterranean
Europe. Russell’s (1926) application, with modifi-
cations, of the Koppen (1900, 1923) system recog-
nized a mesothermal humid belt with equable tempera-
tures near the coast (Csn), a belt of mesothermal
humid, Mediterranean sclerophyll climates (Csb) in-
land from this, and warmer and drier woodland and
steppe (Csa and Bsh) climates in the inner valleys,
while microthermal climates occur at higher eleva-
tions. The Thornthwaite (1931, 1948) systems recog-
nize a sequence from wet or perhumid conditions near
the coast through humid in the main area of the range



