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Abstract. Study of montane and subalpine farests
é;a of the Klamath Region suggests the importance of local
disturbance in maintaining high regional floristic diversity.
The region's complex vegetation patterns including many
relic and endemic species are generally understood.
Previous explanations stress a long history of vegetational
dcfclopment in a physiographically and climatically coﬁplex
environment to account for regional characters. These
interpretations, though, do not adequately explain the
complicated intra-regional patterns. Small, scattered
populations of relic trees are of special interest in this
respectl
A study of forest patterns on granitic parent materials
‘;R allowed for an analysis of these relic populations as well.
Significantly different forest patterns are found on the
regionally extensive metasedimentar, and ultrabasic parent
materials. General reconnaissance pointed to the Russ;ian
Peak area as one of unusual interest with an exceptional

concentration of 16 conifer species. . Intensive sampling,

ordination and classification analyscs defined 11 forest
types. These were then tested by sampling in 13 additional
areas which led to the recognition of 16 rezional forest

types on granodiorites.

A reasonably predictable pattern cumerged. Forests
show decreasing gecographic differentiation with increasing
elevaticn. Zonation 1$ nore apparent in mature,

d floristically uniform, closecd forcsts oun deep soil habitats.
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Diverse, ‘'open forests are found on hetercgeneous, non-
B coméetitive habitats such as talus, rocky moraines and
ridges. The relics are not habitat specific.

Even though the region has been geologically stable
during the Cenozoic, various disturbances have occurred.
Extensive disturbance which would cause floristic
depauperization has not happened. Instead local
disturbances have created a greater number of varied
habitats and individualized species distributions. Existing
vegetation patterns are complicated, and the relic
populations are maintained. In this manner local history
may be even more important than environmental constraints

in determining existing patterns.
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Key words: California, conifer distribution, floristics,

forest types, Klamath Region, relics, vegetation

patterns. o
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INTRODUCTION

The Klamath Region of northwestern California and
southwestern Oregon has been recognized for its diverse
forest patterns and rich flora which occupy a central
role in the present western North American forest patterns.

The few studies done Teveal a flora rich in endemics and

‘relics (Stebbins and Major 1965), creating complex

vegetation patterns strongly controlled by parent material,
physiography, and climate (Whittaker 1960). A long
history of forest development comparable to that of the
southern Appalachians (Braun 1950) is known for the
Klamath Region forests, which represent the least modified
examples of western North American Tertiary vegetation
(Wolfe 1969).

Whittaxer (1960) argues that current vegetation
patterns are controlled primarily by pﬁrent méterials;
and secondarily by clevation and soil moisture as it
relates to topography. His wofk was done primarily 'in
the Oregon Siskiyou lMountains, and was concerned chieflly
with iow to middle elevation patterns. Wnittaker's 1901
paeper on the phyto;cographié implications suggests that
the region is a center of zccumulated species of varied
evolutionary history.

Thié interprectation is readily apparcnt from the

distributions of several groups, notably the diverse
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complement of conifers growing in the region (Fig. 1).!

The general pattern is one of a commingling of Northwest
and California-centered species. Additionally'many
species are found in the Klamath Region as isolated
stands characteristic of refugia. Scattered stands of
trees regionally common in the Pacific Northwest (silver
fir, Alaska yellow-cedar), the western‘interior (subalpine
fir, Engelmann sprube), andythe‘southern Sierra Nevada
(foxtail pine)Afind their rarge limits here (Griffin and
Critchfield 1972). Weeping spruce, once widespread
(Wolfe 1969), is now endemic to the region. Redwood,
western red-cedar, western hemlock, Port Orford-cedar
show similar patterns at lower elevatiors.

Such generalized accounts fail to explain fully why
the localized populations of these relics are scattered

througnout the region in a variecty of habitats at various
| ,

elevations. To resolve this question'we initiated a SLudy
of the ecological status of six relic conifers (silver
fir, subalpine fir, Engelmann spruce, weeping spruce,
Alaska yellow-cedar, foxtzil pine). Compositional and

habitat coemparisons for 17 areas supporting one or more of

these trecs began in 1968 (Sawyer and Thornburgh 1969).

The initial work dcmonstrated the primary control of parent

materials over vegetation cxpression, as well as the

'For brevity common trce names will be used.
Figure 1 provides cquivalent technical names.
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general application of Whittaker's analyses. It also
pointed Qut the need for more detailed descriptions to
adequately define typical regional montane and subalpine
forest patterns. The early work also suggested that the
vegetation patterns of the Russian Peak area (Fig. 2) were
the most floristically diverse (Sawyer et al. 1970). We
began the regional characterization of high elevation ‘
forest types by first defining and describing those of

the Russian Peak area. These forest types were then
tested regionally against forests in other areas with
similar parent material (Fig. 3), allowing the development
of typical montane and subalpine regional forest types on
granitic parent materials. The role of the relic conifers
within ﬁhe regional vegetation mosaic was then evaluated,
since all six species grow on granitics . although none is
restricted to them.

Additional studies made in the Russian Peak area
included an inventory of the vascular flora, a mapping of
the locations and extent of the relic trees within the
area, and an analysis of the soils of representative

stands.
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The Klamath Region is a geoiogically defined 30,560 km?
area 1n northwestern California and southwestern Oregon.
Althouéh'it 1s geograpnically contiguous with the Oregon and
California Coast Ranges, its geological relations are with
the Sierra Nevada and *he Blue Mountains of the Pacific
Province (Fennemen 1931). The surrounding lands of the
coast ranges, Cascades, and Sacfamento‘Valley are much
younger geologically.

The Klamath Region is compoSed of a complex of
mountain ranges, drained in California by the Smith River,
the Klamath River, and its tributaries including the Scott,
Salmon and Trinity Rivers (Fig. 3). The Klamath River
begins outside the Region in the south-central Oregon
Tascades. It generally flows west, thes south until it
aeets the Trinity River, where it turns abruptly north

1 : ;

'l

~0..the Pacific‘Oéean,

To the north and west of the Klamath River lie the
Siskiyou llountains, whose west slopes are drained by the
Smith River. The peaks of these rugged mountains range
generally frem 1,400 to 2,000m. Preston Peak (2,228a) is
the prominewt feature in Califormia.

The central part of the Klamath Region includes a
complex of poorly defined ranges in part drainéd by the
Scott and Salmon Rivers as well as thp North.and Ilast ForKks
of the Trinity River. These mountains have gencrally higher

peaks and ridges (1,900 - 2,500m), and include the Marble
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Mountains, nearest the Klamatn River and the Salmon

‘Mountains, which continue soutn and then west. To tne

south, the Salmon Mountains blend inte the Scott Mounfains
and the Trinity Alps. The latter represent an expanse of
heavily glaciated peaks culminating in Thompson Pezak
(2,744n).

South of the central area are less prominent rangeé
with only a few outstanding peaks, such as Bully Choop
(2,122m) and North Yolla Bolly (2,397m). This area includes
the headwaters of the South Fork of the Trinity River, the
Trinity Mountains; and the South Fork Mountains. South
Fork lfountain, a ridge some 64 km long, is considered the
Region's western boundaryv. The western trihutaries of the
Sacramento River drain the eastern portion of the Region.

Rugged motntain topography prevails in this area. The
Scott Valley is the only extensive one in the entire region.
Considering the size of the rivers that drain:the Regioz,
the valleys are narrow and have small or non-existent
floodplains. Canyons, high cliffs, and steep slopes are
typical of low elevation landscapes.

At higher elevations the terrain is less rugged,
theough =ztill Eighly dissected. The gentler slopes arch
toward broad ridges and crests in unglaciated areas. On
higher terrain (e.g., the Trinity Alps) alpiné glaciation
has crecated strong reliefl of sharp ridges, stecp slopes,

cirques, and U-shaped valleys.



CLIMATE

The steep climatic gradientsvtypical of the Region
(Whittaker 1960) are due to its location and physiography.
The continental influence is shown (Table 1) by increasing
seasonal temperature extremes from the western (maritime)
side to the eastern (continental) side. Precipitation
patterns follow accordingly (Table 1).

Increaéed sunshine, potential evapotranspiration,
diurnal tempefature changes, and decreased average humidities
are associated with this general change from maritime to
continental climates making the maritime climates
significantly less droughty for trees (Waring 1969).

The Mediterranean climate of Califcrnia is somewhat
modified here by summer thunderstorms and occasional
Cfclonic activity. Summer precipitation is typical,
especially at the higher elevations, but is not dependable
from year to year. | |

The proximity to the Pacific Ocean accounts for the
high precipitation experienced here. Large amounts of
snowfall are commen at middle and high elevations in the
area. Deep snow melts slowly during the late spring and
early summer, approximating environmental conditions at
Algher elevations in the Sicrra Nevada and the Cascades.
In years of hecavy snow pack, snow {ficlds may remain
throughout the summer on north and east facing slopes above

1,850m. Permanent snowfields occupy the north slopes of

Thompson Pcak in spite of its modest elevation (Sharp 1960).



RECENT INFLUENCES

The area has a small, scattered population; Weaverville
(population of 1,736) is the largest town. Extensive farming
is restricted to the Scott Valley. The major environmental
impacts come from timber removal, mining, and grazing on the
Klamath, Shasta-Trinity, and Six Rivers national forests.
Much of the area is not yet extensively modified by current
land-use practices. Thé presence of thé Marble Mountain
Wilderness, thé Yolla Bolly Wilderness, the Salmon-Trinity
Alps Primitive Area, and 33 de faéto wilderness areas here
attest to its natural character. HNearly 3 x 10° ha are
still roadless.

The summer-dry climate creates idea’ conditions for
frequen* and extensive natural fires. Local Indians are
considered to have used fire for hunting and warfare. !More
intense burning has been associated with prospecting
activities of the nia-1800 gold rush périod (Whittakcr 1960).
Fires continue to be a major environmental control of
vegetation expression, but pfobably with reduced influence

because of active fire supression by the U.S. Forest Service.

GEOLOGIC HISTCRY

The Klamath Reglon is an area of maturc topography
resulting from.a long, complex history of development. Its
pre-Cenozoic history 1s similar to that of the Sicrra Nevada,
and in this respect the Klumath Region can be considered a

northwesterly continuation of that rang2. However, the
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differeﬁécs are significant. These lewer mountains trend
in several directions. The older‘Paleo:oic and Triassic to
mid-Jurassic rocks are exposed, and the major granitic
intrusions are older. Additionally the Klamath mountains
were not elevated so greatly during the Cenozoic (Oakeshott
1971, McKee 1972).

“ The Region's Paleozoic and hesozoic development was
followed by relative stability during tﬁe Cenozoic. Several
periods of marine deposition by sedimentation and volcanism
supplied the basic fabric of the Region.» Mountain building,
a result of compression as well as of ultrabasic and
granitic intrusion during at least three periods, produced
varying cegrees of regional metamorphism (Davis 1566, Irwin
1966, Oakeshott 1971). The resulting Cretaceous land mass
has not been subsequently submerged.

The early Tertiary mountains were eroded_to a generally
low relief by Miocen: times. Uplift féllowed by erosiog of
this peneplain surface then occurred. Possibly two or more
complete cycles of erésion followed by uplift are suggested
by the elecvations of accordant crests and ridge lincs in the

area (Irwin 1960); hcwever, late Tertiery and Quarternary

(R

crosicn complizate interprotatiens

oy

tilting, dzformaticn, an

{Irwin 1960).

Quarternury glaciation signif

icantly eroded the higher

mountains. Glaciers were nmost extensive in the central

Trinity Alps surroundine Thompsen and Sawtooth Pcalks (Sharp
¥ 1 & 1

1960). BMore localized montane -glaciers were characteristic
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of north and northeast tending drainages of the Trinity,

fel

N

Salmon, ilarble, Scott, Siskiyou, 'and Scuti Fork mcuntains,

‘where cirques, steep rock walls, and tarns are now common.

RESULTING GEOLOGY

The resulting lithic pattern (Fig. 4) shows a series
of north-south tending afcuate belts of distinctive rock
assemblages of similar age and character. These sub-
provinces are the Eastern Paleozoic, the Central tietamorphic,
the Western Paleozoic and Triassic, and the Western Jurassic
(Davis 1966). They include, and are more or less regionally
separated by, faults and granitic and ultrabasic intrusions
(Fig. 4). The ¥olley Creek. the Ironside !lountain, and the
Shasta Bally Batholiths are extensive. (Ultrabasic intrusions,
princiﬁally peridotite and dunite chiefly altered to
serpentine, are common and may be 2xtcmsive.

The composition of the sedimentary and volcanic *o:ks
and the degree of metamorphism vary among the belts. This
variability, aleng with that of the intruded ultrabasic and
granitic rocks, results in a very high diversity of parent
materials within the Klamath‘Region.

0f these materials, the granitics of the region are
diecrites. Hornblende diorite is found ir the western part
(Ironside liountain Batholith, Siékiyou Mountains) and
quartz diorite to granodiorite in the castorn part (Wolley

Creek Batholith, Shasta Bally Batholith) (Irwin 1960).



These diorites were mainly intruded during the late Jurassic
in contrast to the Sierra Nevada granitics, which were late

Cretaceous.

PALEOBOTANY

Paleobotanical studies suggest that the Klamath Region

-and north coastal mountain ranges of California maintain

forests most nearly equivalent to the western North American
Arcto-Tertiary forests (Axelrod 1959, Chaney 1947, Whittaker

1961, Wolfe 1969). Some modification has resulted from

segregation, recombination, and extinction of certain Arcto-

Tertiary forest components, as well as evoluticn and
introduction of other various taxa; ncvertheless of all the
forest regions in western North America the forests of the
Klamath Region are the least modified.

Whittaker (1961) argucs that the relative stability of
the forests is the result of the Regioh's long histor} of
mature topographky, its regional lithic diversit)y, and central
geographic location. These factors minimized the effects of
a climatic shift {from a summer-wet to summer-déry conditions.

Additionally the Klamath Region has not undergone the

& (=4

[
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rificant geolocgic alterations (mountain tuilding

]

3

volcanisn, marine submergence)’ ¢xperienced over nucl: of the
West since the Miocene. Instcad the maintenance of high
regional habitat complexity through time has incrcased the

legion's floristic and vegetational diversity. The

shrinkace and differcntiation of the mixed Arcto-Tertiary
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lowland énd rontane forests, in addition to assimilation of
the Madro-Tertiary elements of wobdland, chaparral, and
grassland, could occur because diverse habitats were
availablé. Wolf's (1969) reconstructions of late !iocene
forests of the Columbia Plateau-Cascade Range and of Nevada
include assemblages approximating present-day Klamath
forests. For example, he includes in those interior
assemblages weeping spruce, now a Klaméth Region endemic,

and Alaska yellow-cedar, which now attains its southern

range limits here.

The cooler and drier climates of the Pliocenc probably
modified Miocene forests to more closely approximate modern
patterns. Whittaker (1961) swuggests that Seaunia was more
restricted to cnastal areas at that time. Actually relic
stands oi Sequria still occur in the western parts of the
Region (Criffin and Critchfield 1972).

Pleistocohe glaciation significaﬂtly affected vcéctation
patterns. Since the glaciers were localized, subalpinec and
alpine vegetation was not eliminated to the extent

experienced in otirer western nountain areas. The cooler
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tocene climates no doubt also zllewed the expansion of
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subglpine and mentane forests te lower c¢ t
“way the Klamoeth Regicn mignt have acted as a source for
colonization of the surrounding, recently elevated mounteins
of the codastal ranges to the north and south, and ecven

possibly the Sierra Nevada (Howell 1944).



I
R

-14 -

Subscquent xercthermic periods probably caused local
extinctions of soue montane‘and sﬁbalpinc specics and so
further modified vegetation patterns. But because of the
region's high habitat complexity such localized extinctions
and readjustments acted to complicate;father than to
simplify the resulting floristic and vegetational patterns.
The effects of fire in the summer-dry climates could have
much the same effect, especially at low to middle elevations.
As a result of.this long, complicated histcry the Klamath
Region now has one of the most highly complex vegetation

patterns in North America.



The field work was accomplished in the 1968-72 field
seasons. A regilonal reconnaissance in 1968 indicated the
importance of the Russian Peak area which was intensively
studied in 1969-70. The resulting forest types were teéted
in 13 other granitic areas ih 1671-72., Sampling was
restricted to forests above 1,250m in the montane (1,250-
1,950m) and sﬁbalpine (»1,950n) elevations.

rfost areas at these elevaticns are not accessible by
road; Plant collecting, vegetation, and soil sampling were
acéomplished by trail hiking or cross-country traverse. The
reauired niking added to the pleasure. if not the speed of
gathering data. Over 2550 plént collections were made, 1300
in the Russian Peak Area alone. These are deposited in the
Hdmboldt State University Herbarium. Some 458 relevés were
taken, 221 within the Russian Pcak area. In each relsvd we
recorded Species cover/abundance estimates using the standard
7#rank scale and procedures of continental phytosociologists
. (Shimwell 1972). In addition, we noted location, parent
material, topogrephic pesition, percentage slope, aspec

s0il depth and stonyness. litter charvacters, and disturbance.
Stund chavacters of hcight in n and coverage in percent of
the cenopy, sapling, ,ccdling,.sﬁrub, and herb loyers were
estimated.

The locaticns of the rclevis uofc chosen not at random

but to rcprescnt typical maturc vegetation. Data analyses

did not assuiie a random seclective procedurce.
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RUSSTAN PEAK ANALYSES

Development of Russian Peak vegetation types

Quintitative analyses were undertaken in an attempt to
determine major relationships between specics distributions
and environmental factors, and to cbjectively define species
groups forming vegetation types. In these analyses the
following designations were used: (1)‘the vegetation of each
relevé as a stand, (2) the characteristics of the immediate
environment of each relevé as a nhabitat, (3) a series of
stands occupying points on a continuous scale as a Vegétational
gradient, (4) detected groupings of stands on vegetational
-g‘_r‘:!rnl:lpnf_t as vegetation tvnes. and (5) the spatial arrangement
of stands in relation to axes of variation as gradient analysis
or ordinatioﬁ'(Goodall 1954, Whittaker 1967). Direct gradient
analysis employs environmental axes, whereas indirect gradient
analfsis utilizes compositional axes fShimweil 1972).

The environmental characteristics of each relevé were

transformed to numerical indices. A moisture equivalency

index was derived, representing an €stinmate of the soil
moisture availeability {for each comnmunity, considcring

topographic pesitior and aspect (Table 2). This scale implies

“equivalent neisture conditicns for locations of similar

(¢}

topograpinic position and aspect 1f otlicr soil conditions ar
equal. The exposure scale doveleped by Whlttaker (1961, 1207)

-

was not used. Field cestinates for the cover/abundance of the

ot
—
€
[}

sampled species were transicried to percentages (1=1, 2=2,

3=6, 4=17
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Direct gradient analysis of species

'he average percent cover of 108 species was plotted in
relation to elevation and the derived moisture equivalency
gradient. Most species appeared to be limited to definite
portions of this environmental space. Species with similar
requirenents generally occupied similar space, but some
species that had overlapping distributions were often not
found together in stands. Most species did not show
distributions corresponding exactly to those of other
species.  Direct gradient analysis of éonifers 1s Tepcrted

(Fig. 5).

INDIRECT GRADIENT ANALYSIS

Since we could not readily identify species combinations
by diréct analysis using the elevation and moisture gradients
alone, we attempted to identify relat.onships among different
stands on the basis of vegetaticnal similarity. The
componsition of the vegetation of a community is an indirect
indication of the nature of the environment and of recent
history. Compositional gradients should reflect
environnental gradients insofar as species are limited in
tolcrance by those factors. Stands were arranged along
gradicnts of varying vegcetational composition by the
ordination methods of Bray and Curtis (1957) as modified

by Bcals (1360).
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Ordination of middle elevation forests
. Sixty-eight stands chosen from midelevations (1,280-
1,770m) were first ordinated. The resulting pattern for
canopy trees shows a general gradient from ponderosa pine-
dominated to white fir-dominated stands. The inclusion of
higher elevation species complicates this simple pattern.
The following categories are recognized (Fig. 6). A great
overlap is seen when these types, based on canopy patterns,
are directly ordinated in relation to the elevation and
moisture index gradients. The mixed forests (I, III) tend
to be restricted to the lower elevations and to drier
habitats at higher elevations. The enriched mixed forests
(IV, VI) descend to about 1,370m on edaphically wet habitats.
Analysis of reproduction data of th: same 68 stands
shows a more definite pattern. Only types III and V are
recognized by the definitions used in the canopy ordination.
These show close correlation with the g¢levation and moicture
index gradients (Fig. 7), suggesting that the reproductive
layer better represents the potential patterns and past
stand history influences canopy composition. Fig. 7 also

Silia:

<

cests that these two objeCtivcly defined ferest types
are di;tinct on the basis of elecvaticn and mecisture
ecradients alone. This supports Fhittaker's (1560)
coiiclusions that, after psrent mitcria], clevation and

topographic meisture are the major environmental controls.
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Ordination of all stands

ridelevation analysis, another

o 51

After the success o

(.

ordination was attempted for the complete area. Calculation
of similarities among 221 stands based on 64 chosen species
produced a matrix of similarities from which major axes of
variation were extracted.

The x-axis was constructed from two stands typifyiﬁg
the predominant observable environmental gradient from a
low-elevation, moist alluvial terrace habitat to a high-
elevation, dry-ridge habitat. The y-axis, approximately
perpendicular to the x-axis, represents the variation
between a high-elevation, moist habitat and a low-elevation,
dry hgbitat. Stands are arranged on the z-axis representing
a gradient frow a deep-soil, densely canopied forest to a
shrub field ovor thin rocky soil with very low tree coverage.

Ihen arranged on these nearly perpendicular axes the
stands form distributions that approxihate inferstand:
similarities in the calculated similarity matrix (Fig. 8).
There is a close relationship between ordination distance
and calculated similarity among rore narcinal stands.
However, those stands nearer the center are not arraanged in
significant putterns by the axes ol this ordination. Other
ccoumbinations of axis end-points were attoupted, but they
resulted in the samc problens, and crcated grbupings with
lcss information.
An attempt to test the relationship between the calculated

similarity and ordination for 299 poirs of randomly selccted
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stands snowed a low positive correlation (r=0.109 for P<.05

nd distance -in the ordination

)

with -N=299). Stand similarity
are not as highly correlated as expected. The non-Euclidean
nature of the interstand differences prevents the exact
representation of the matrix of calculated similarities by
ordination distances (Swain 1970, Gauch and Whittaker 1972,
Gauth 1973). Since the axes representing gradients wefe'
constructed in relation to the vegetation of the end-points,
the description of vegetation occupying the center of each
gradient was inexact. Species present in the center of an
ecologically important gradient may not be present in stands
at either end-point. The presence or absence of such species
from a stand would not sienificantly affect stand position on
an ordination axis. This reduces the ecological significance
of the ordination procedure here. It also accounts for the
greater success on the earlier mid-c¢levation .forest
ordination. ! |

The arrangement of all stands by significant similarities

was a mecans of helping to create categories based on

jd

jof
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vecctational similarity. tands close to cacn other in the

parat stands
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ordination and se
represent naturally occurring speci2s combinations. Stands
between groupings represcnt intsrnediutcs, although incxﬁctly.
Some groups represeint types whicihh had been rotogni:cd in the
field. Other groups pircvided evidence for natural

combinations that werce not so evident and thus helped in

defining thce described vegetation units. Although the
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indirect ordination failed to adequately differentiate all
units, 1t did help to distinguish trends and reoccurring

species combinations not readily apparent.
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RUSSTAN PEAX FOREST TYPES

The vegetation of the middle and high elevations are
conveniently categorized into four elevational zones
according to the dominant climax trees of the mesic habitats.
These zones are then divided into a series of vegetation

types reflecting distinctive environments.

White Fir Zone

Two forest types are recognized between 1,280 and 1,650m,
where white fir is the climax dominant. They are Abies

concolor/Berberis nervosa on mesic slopes, and Abies concolor/

Ceanothus prostsatus on xeric slopes and ridges.

Abies concolor/Berberis nervosa.- white fir dominates a

typical assemblage of mid-elevation ccunifers including
Douglas-fir, incense-cedar, sugar pine} and pénderosa‘ane.
Togethcr they form moderate to dense forests. Reproduction
shows heavy dominance of white fir and incense cedar.
Douglas-fir, sugar pine and ponderosa pine are found growing
in openings in the mature forest cancpy enabling them to
naintain populiations, although a nore important role for
vhite [ir with increasing maturity is suggestéd. Gernue

nuttallii, Quercus chrysolepis, Q. kelloggii, Acer

nacrophyllun, and Taxus brevifelia are common understory

‘assoclates A moderately developed shrub layer is doninated

by Berberis nervosa, Rubus ursinus, R. arviflorus, Salix
’ 3 LN b)




scouleriana, Cornus nuttallii, Resa gvrnocarpa, Svirphericarpos

- , Sy = - 3 AR A s HETE . P : 1 - " - P |
hesperius, and Paxistena myrsinites. The moderately developed

ground layer characteristically includes Arnica cordifolia,

Anocyvnum pumila, Campanula prenanthoides, Disporum hookeri
4 b b I

1 1

Goodvera obloncifolia, Chimaphila umbellata, Hieracium

albiflorum, Pteridium aquilinum, Linnaea borealis, Adenocaulocn

bicolor, Pyrola picta, and Festuca occidentalis. This forest

is generally found below 1,650m on mesic habitats with deep

soils (Fig. 9).

Abies concolor/Ceanothus prostratus.- The generally open to

moderately dense forest is dominated by pondercsa pine. White
fir and Douglas-fir are common secondar) dominants along with
sugar pine and incense-cedar. A secondary layer of Quercus

chrysolepis, Q. kelloggii, and Chrysolepis chrysophylla is

coinon, especially along ridges. Th: reproductive layer 1is
generaliy dominated by Douglas-fir and|white fir, but
ponderosa pine, incense-cedar, and sugar-pine are reproducing
well. The understory is mainly sclerophyllous shrubs,

Cecnothus prostratus, Chrvsclenis senpcrvirens, and Quercus

1
-

vaccinifoliz often forming dense patches under canopy

openings aleng with Rosa gymnecarpa and Symphoricarnos

i

hesaevrius. Herbs arve uncomnmon except for the ubignitous

Chimaphila unbellata, Pvrola picta, and Pteridivn aquilinum.

This forest is generally found beolow 1,950m con dry, middle

to upper slepes and ridges (Fig. 9).
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Shasta Fir Zcne
Four types are recogniczed oétwenn 1,650 and 1,950n,
where Shasta fir dominates successional trends, if not the
Canopy.' Both open and closed forests are found at these
elevations, creating more variety than is found in the Vhite

Fir Zone. Two closed forests, the mesic Abies magnifica/

Leucothoé davisiae, are common on the well-developed soils.

The open forests form a heterogenous grouping of communities,

described as Abies magnifica/Quercus vaccinifolia. They are

found on talus and moraines characterized by spotty soil
development among large rocks. he south-facing colluvium

i< covered b)f montane c‘nqpqrrn'l sfﬂnﬂx‘, Quercus vaccinifolia-

Arctostaphylos patula.

Abics magnifica/Leucotho€ davisiae.- Engeclmann sprucc, .along

with Shasta fir and white fir, dominates the dense forests.
Other important associates are white pine, mountain hemlock,
incense-cedar, and lodgepole pine. Occasional weeping spruce

and subolpine fir are found at higher elevations, as are sugar

0
7]

pine and ponderosa pine at lower elevations. The reproductive

layer is douinated by Engelmann sprucc along with abundant
fiv

white pinec, mcountain hamnlock, white ’

and Shasta fir. All
canopy spocices cxccépt ponderosa pine were found reproducing.

The rich shrub laver is dominated in many arcas by Leucothocd

davisioce, Hibes lacustre, Alnus tenuirolia, Sorbus

californica, and $alix scouleviana border the streams.
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Taxus brevifclia covers meny alluvial flats. Other common

053 cyvmnocarpa, Symoloricarpos aesperius,

N

Vaccinium arbuscula, and Ledum gladulosum. The ground layer

is varied. Common species are Anenone deltoidea, Adenocaulon

bicolor, Clintonia uniflora, Disporum hookeri, Streptopus

amplexifolius, Viola glabella, Senecio triangularis, Smilacina

stellata, Trillium ovatum, Listera convallarioides, Pyrola

picta, Goodyera oblonzifolia, and Pteridium aquilinum. This

forest is restricted to wet streamside terraces, mcadow

margins and seeps below 2,100m (fig. 9).

Abies magnifica/Linnaca borealis.- An open to moderately

dense forest is surprisingly charactericed by 12 conifers.
Although as many as 10 may occur in a single stand, 7 or 8

is the normal complement. The canopy diversity results from
the 5 midelevation species being eniiched by as many as 7
high elevation species. The dominants! are Doﬁglas-fif, white
fir, and Shasta fir. Wwhite fir characteristically shows the
highest canopy cover. The 9 other species in order of
prominence are white nine, weeping spruce, rmountain hemlock,

T pinc

12, incense-cedar, Engelmarn spruce,

su ponderosa pince

12
29

>

lodgepole pine, and occasionally subalpine fir. The

k)

a9

midelevation species gracually,decline in impertance with
elevation. All specics reproduce in this type, although
reproduction is mostly Shasta fir, white fir, Douglas-fir,

weenine spruce., and nountain hemlock. A characteristically
e & 14 > /

well-developed shrub layer is dominated by Chrysolepis



2ibes lobbii,

Acer glabrum, and Amelanchier pallida. The ground layer 1is

well developed, with Linnaea borealis, Adenocaulon bicolor,

Clintonia uniflora, Anemone deltcidea, Gocdycra cblongifolia,

Arnica spp., Galium triflorum, Pteridium aquilinum, Chimaphila

spp-, and Hieracium albiflorum common. This forest has a

general range from 1,650 to 1,950m but is more restricted at

low elevations‘[Fig. 9).

Abies magnifica/Quercus vaccinifolia.- These open forests are

dominated by mountain hemlock and Shasta fir. White fir,
weeping spruce, wiiite pine, and ledgepole pine are common at
the lower elevations. At higher elevations whitebark pine
associafes in open forests lacking white fir and lodgepole
pinc. Reproduction indicates continuince of the present

canopy assemblages in most areas. In‘Fanopy openings and

among rocks are patches of Arctostsphylos patula, A. nevadensis,

Amelanchier pallida, Chrysolepis sempervirens, Ceanothus

velutinus, Prunus emarcinata, and Resa gyvmnocarpa. Herb

e

compositicon varies with microhabitat influences. The cemmon

high elevation species of dry areas are Feustcion newberryi,

Phlcx diffusa, end Polygenw: davisiae, along with such

typical montane forest herbs as” Chimaphila spp., Pyrola picta,

Goodvera oblongifolia, Apocvnum pumiia, Kelleccoia galicidces,

‘and lionardella odovatissimna., This forest is of general

extent on moist moraines and talus above 1,800m, but similar
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forests occcur on cool, unner slenes annroaching 2,440m on
2 ] 27 & 4 =k S )

soils too thin to support cleosed stands (Figz. §).

Quercus vaccinifolia-Arctostanhylos patula.- Patches of
generally dense sclerophyllous shrubs about 1lm tall cover
the dry slopes. White pine, Shasta fir, and white fir are
scattered anong the shrubs. Lodgepole pine, incense-cedar,
sugar pine, and Jeffrey pine are less common. Although any

tree species may be locally abundant. Amelanchier pallida,

Arctostaphylos patula, A. nevadensis, Ceanothus velutinus,

Holodiscus microphyllus, Prunus emarginata and Quercus

vaccinifolia dominate the chaparral in varying degrees.

J.onicera coniungialis. Garrva fremontii., “cer olabrunm,
.

Chrysolepis senpervirens are important secondary species and

may be locally abundant. Common herbs found scattered among

the shrubs are Scnccio integerrinus, lionardella odoratissiua,

Pnlox diffusa, Castilleja appelcatei, Pensteiton newberr)i
b e 4 < 3 / b

P. procerus, Eriogonum umbellatun, and Smilacina racemcsa.var.

glabra. This type, also referred to as montane chaparral,

covers dry slcpes with thin, rocky scils above 1,830m (Fiz. 9)

tiountoin Hemlock Zone

Four forecsts with important trec comporents are

rccognized between 1,950 and 2,200m.  The distinction betwoeen

open and closed forests uscd in the Shasta Fir Zone is

convenicent here as well. The two closed forest types arce

vegetationally simple and very closcly rclated. Described
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as a "complex'" to emphasize their similarities, they may be

divided by canopy dominance of mature stands into Abies

magnifica/Pyrola picta and Tsuga mertensiana/Pyrola picta.
Streamside, meadow, lake margins, and seepage areas are

characterized by Tsuga mertensiana/Phyllodoce empetrifornmis.

1

On glacially polished voc
accumulation such as cracks, crevices, or concave surfaces.
Such areas have a distinctive form of chaparral described

here as Pinus monticola/Holodiscus microphyllus.

Tsuga mertensiana/Phyllodoce empetriformis.- Locally these

forests are dominated by subalpine fir and occur in two
characteristic nabitats. They form extensive dense forests
bordering wet meadows and streams. The Zype also occurs in
local seeps and along streamlets where subalpine fir forms
krummhelz to 2m on otherwise dry slopes. In both phases
subalpine fir shares dominance with md&ntain hemlock and
lodgepole pine. Other common associates are white pine and
Shasta fir. Occasional weeping spruce, Engelmann spruce,
and white fir occur around wet mneadows. Reproduction is

heavy for mountain hemlock and subualpine f£ir with the others

.reproducing less .abundantly. All trees are actively invading

%)
=
2
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Phiyllodoce empetriformis,

—e

many wet meadow

scoparium, V. arbuscula, Lonicera cenjugialis, Lzuccthoe

<

davisiae, and Ribes lacustvre dominate the shiyrud layer. Ledun

elancilosun and Nalmia polifolis are common at lake margins.

The ground laycr is composed of wet meadow herbs, Senccio

kK, soil develops in areas of particle
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triancularis, Veratrum californicun, Doc

and Carex spp. mingling with such forest asssociates as Pyrola

picta and Chimaphila umbellata, under the trees. Sedum

obtusatum, Phlox diffusa, and Cryptograrma acrostichoides

grow 1in the xeric microhabitats which are especially
characteristic of the seepage phase. This forest is

restricted to 1,950 to 2,130m within the zone (Fig. 9).'

Tsuga mertensiana-Ables magnifica/Pyrola picta complex.- The

deeper high elevation soils support moderate to dense forests.
Canopy dominance is typically sharcd by mountain hemlock and
Shasta fir. White pine is a constant companion of minor
importance. On the drier habitats, Shacta fir incrcases in
dominance and may be the only tree in the stand (Abies

magnifica/Pyrola picta). Such forests are typical on south

to scuthwest-facing slopes and ridges with deep soil. On the
cooler aspects mountain hemlock may dominate or be fornd

without Shasta fir (Tsuga mertensiana/Pyrola picta). Pure

nountain hemlock forests are typical of upper slopes with

nd lower slopes usually

i
3]

o
ea

t to nertheast aspect. Iliddle

'y

naintain both, =o the two types are conveniently segregated
depending on cancpy dominance. . Qccasionally other trees such
15 whitebark pine, subalpine tir, lodgepole pine and weeping

orests usually tend towards the

I

spruce are found. Thesc

afQuercus vaceinifelia. Sihrub and

')

morc open Abjecs magnifi

‘ <

herb coveragze is extremely light, and in many cascs non-

existent., Shrubs such as Ribes viscosissimun are scattered
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and restricted to canopy openings. Depauperate individuals

of Arctostanhyvicos patula, A. nevadensis, Chrysolepls

v
[92)

sempervirens, Holodiscus microphvllus, or Quercus vaccinifolia

may be found. Wet areas support small stands of Vaccinium

scoparium or Leucothoé davisiae. The ground layer is equally

depauperate in both types. Pyrola picta is the most

consistently associated, but only in small quantities. ' A

few individuals of Pyrola secunda, Penstemon newberryi,

Chimaphila umbellata and Polyconum davisiae may be found.

These types occur above 1,950t on all but the driest ridges
and summits, if the soii is developed well enough to support

a closed forest (Fig. 9).

Pinus monticola/Holodiscus microphyllus.- Groves of white pine,

Shasta fir dnd lodgepole pine are scattered along drainage
courses and 1n smill areas of soil ac:umulation on polished
bedrocl slopes. Individual trees, espccially;of lodgepnle

3
pine, support themselves in small fissures. A discontinuous,
low shrub layer is scattered among the patches of herbs and

bare rock. The chaparral component 1s dominated by

—
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o
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Arctostaphvles patula, A. nevadens iscus nicrophvilus,

b

|

arc
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and Aneianchier pailida. Typical dry habitat herb

S

2]

[¢

i
)

&

2 A 3 - - - 4 z T ) () -
scilllea Jemmlesas Avenarlia .o eta, acdos pblusatun

Chiclanthes gracillima, Juncus parryi, Phlox ditfusa,

Calyptridiun umbellatum, Lewisia cotyledon, and Penstenon

newberrvi. This open forest 1s best represented on south-

facing slopes Letween 2,070 and 2,290m (Fis. 9).
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Whitebark Pine Zone

tricted to ridees and

o

[92)

The envircnment above 2,200m is re

summits wnere the Pinus albicaulis/Holodiscus microphvllus

open forest type is recognized. The foxtail pine stand found

above Little Duck Lake is included.

Pinus albicaulis/Helodiscus microphyllus.- Ridge crests),

summits and upper southwesterly slopes support a dwarfed,
open woodland where trees exceced 6m cnly among the sheltered
rocks. Whitebark pine dominates the canopy with mountain
hemlock and Shasta fir as common associates. White pine,
Jeffrey pine, foxtail pine and lodgepole pine grow 1in sone
stands. Stand reproduction suggests a continuation of this
pattern. Shrubs, typically wind trained and pruned at less

than 1n, grow on gravel slopes or among the rocks. Holodiscus

microphyllus, Haplopappus grecnel, alung with Arctostaphylos

patula, Ceanothus velutinus, and Prunus emarginata are common.

Junivneris comnunis snows local dominance. One shrubby
— —— e ——

population of Populus tremuloides was found. Herbs, at best,

are scattered. Arvenaria congcsta, Achillea lanulosa, Phlox

jrabe howellii, and Polemonium

diffusa, Penstemon newoerrvi,

pulcherrimun are scattered anong the rocks above 2,225m



KLAMATH REGiON FOREST TYPES

A Teconnaissance of additional areas with granitic
parent materials (Fig. 2) allowed regional evaluation of the
11 forest types developed from the Russian Peak analyses.
This expanded sampling also madc‘possible the development of
additional regional types, and the modification, when
necessary, of those local descriptions.' Association tables
were produced for the analysis of these regional types using
458 relevés from 14 areas. The data are summarized as
presence tables which also include average cover/abundance
for trees and shrubs, and for herbs attaining greater than
10 vercent presence.

Sixteen vegetation types dominated by trees are
primarily segrcvzated by elevation and secondarily by soil
moisture availabiligy.” The degree o” canopy closure is

anothef Significant V;riabie. Elevation zones are nanec
according to the dominant climex tree of the mesic habitat
(Table 3). Species used to characterize types arc not
necessarily restricted to a type or zone.

Montane zones show regidnal differeciuces recognizéd by

\

%)
Ch
\So)

Waring (1 ). These differcences become less at nigher

¢levations as reflected in the follewing classification:

WHITE FIR ZONE |
Types characteristic of the western Subregipn:

Abies concoloeor/Trillium ovatws - closed forests of

slreaislde terraces, liolst slopes, secps.



o*eq LOPCOIO /Vicia americana - closed forests
ot lelL blOUvb.

Abies concolor/Cnimapnila umbellata - closed
torests of Xeric slibpes.

Types characteristic of the eastern subregion:

SHASTA FIR

Abiss concolor/Berberis nervosa - closed forests
along streams, mesic slopes.

o

Abies concolor/Ceanothus prostratus - open forests
ot xeric slopes.

ZONE

Abies maonifica/Leucotho¢ davisiae - closed forests
along streamside terraces, wet meadows.

Abies magnifica/Linnaea bor is - closed forests
of mesic slopes.

Abies magnifica/Chimaphila umbellata - closed
forests oi xeric slopes.

Abioc mag nlf /Q rercus vaccinifelia - open forests
ot mesic slc

‘

’J):\

rLca
pC

105 patula -

Quercus vaccinifolia-Arcto
montane chaparrai of xeri

MOUNTAIN HEMLOCK ZONE

WHITEDBARK

Tsuga mertensiana/Phyllcdo cn enpetrifornis - open
S - —e 4 : s
ftorests along streams, wet keadow, lake

to closed
margins.

rens veecinifolia - open
5eS .
’/Prrola pilcta - closcd forests of

Abies macnifica/Pyrola picte - closed forests of
Xeric slopces.,
Pinus nenticolu/linlio lis cus nicrophyljus - open
forcsts ol XCric sleacs, ‘
PILE ZONE
Pinus g]LlLU“"c/Hol(q¢S<U‘ nicrephyilus - open

forcsts ol »e1lc slopes, ridges.



o

i

G A

-34-

White Fir Zone

Subregional differences are enough to recognize two
sets of forest types at midelevations. In the western

subregion three types, Abies concolor/Trillium ovatum, Abies

concolor/Vicia americana, Abies concolor/Chimaphila umbellata,

doninated by Déuglas-fir and white fir, occupy streamside,
mesic and xeric slopes respectively. In the eastern
subregion ponderosa pine and4sugar pine play more important
roles, thereby producing mixed forests. The mesic and xeric

types described for the Russiun Peak area are characteristic.

Abies concolor/Trillium ovatum.- Douglas-fir and white fir

dominate tnese tall, dense forests typical of draws,

.

(4h]

streamside tevraces, sceps and lower slopes with deep soils.

Forests'approerhing this type may also occur on some upper

slopes. The domjnance ot Douglas—fif and white fir in the

canopy and white fir in the'ﬁnderstoryiis typical. Douglas -
! o

fir consistently reproduces in smaller numbers as well.

Sugar pine and incensc-cedar are common secondary conifers.

0
o

ohylla and Taxus brevifolia are common

Chrysolepis chrys

Ke)

understory trees above well-developed shrub and ground

—
wl

including up to

o

S

b

layers. The shrub layer 1s dive

spscics of cowmmen yegional shrue

<

]

g
0

"in o single stand (Takle 4).

Holodiscus discolor, Rosa gvonocarpa, Coryins cornuta,

Symphoricarpos spp., Rubus parvillorus, Paxistema myrsinites,

Corius nuttallii, Berberis nevvoesa, and Qua2arcus sudleriana

arc common. The ground layer is vicihh in species covering
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most ot the soil. Some typical herbs are Trillium ovatun,

Anencne delteidea, Adenccaulon bicolor

Y~ e - R + -
Asarum cecudatunm,

=

>

Linnaeca borealis, Smilacina stellata, Clintonia uniflora,

Fragaria. californica, Osmorhiza chilense, Trientalil

latifolia, Achlvs triphvlla, Viola g¢labella, Corallorhiza

maculata, Galium triflorum, Whivplea modesta, Chimaphile

umbellata, Pyrcola picta, Disporum hookeri, Heiracium

albiflorum, Penstemon anguinus, and Vancouveria hexandra.

This forest type commonly grades into the Abies concclor/

Vicia americana of mid-slopes, but can be differentiated

from it by the extensively developed.shrub layer here. At

higher elevations 1t grades into Abies magnifica/Leucothoe

davisiac and Abies magnifica/Linnaca borealis.

Abies concoler/Vicia americana.- Douglas-fir and white fir

—

dominate these dense forests on mesic slopes. These forests

also characteristically include occasienal sugar pine and

I
incense cedar, but pondercsa pine 1s rare. The reproduction
is dominated by white fir, although all species reproduce.

Chrysolcepis chrysopnylla and Quercus cinrysclcopis are common

e

understory tyrees.

Symphoricarpoes

Berheris nervess, LOBA DVTHICCATHE,

spp., . and Corylus covauta (Table 4). The ground layer ls

diverse and typically well-developed. Cowmmon associates
dnclude Aciil

adsurcens, Adenocouvlon bicolor, Galium triflorum, Helraciunm
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albiflorun, Vicia americana, Disporum hookeri, Corallorhiza

maculata, Pteridium aquilinua, Chimaphila umbellata, Pvrola

spp., and Campanula prenanthoides. This type 1is intermediate

in character between the more moist Abies concolor/Trillium

ovatun and the Xeric Abies concolor/Chimaphila umbellata.

It is distinctive with a shrub layer of low coverage and a

ground layer with high coverage.

Abies concolor/Chimaphila umbellata.- White fir dominated

i

forests, including Douglas-{ir, sugar pine, pondcrosa pine,
and incense-cedar as less important associates, grow on drier
slopes and ridges with deep soils. The open charactecr of the
naturc forests allows reproduction of all five conifers.

uercus chrysclepis 1is a ccmponent at lower elevations. A
Y -€P

distinctive character of the type is the depauperate shrub
and ground layer (Table 4). Low coverage of a few shrubs as

Corylus cornuta, Rosa gymnocarpa, and Symphoricarpos lesperius

and herbs as Goodycra ‘oblencifolia, Corallorhiza maculata
7/ e, 5 >

Chimaphila spp., and Pyrola spp. is typical. Even these

relatively common species show low presence. It is

concolor/Ceancthus prestratus by

jaF
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the low coverage of sclerophyllous shrubs. Immature forests

are typically dense stands of white fir which eliminate early-
scral specices The more opon character of the Abices concolor/

Ceanothus prostretus scre allows maintenance of the chaparral.

Intermedicte stands between these two types arce also

rcgionally common. This forest type also grades not only



into Abi¢s concolior/Vicia anericana, but also the equivalent
______/ 3 1

Abies mngnifica/Chimaphila unbellata of the Shasta Fir Zone.

Abies concolor/Berberis nervosa.- The forest description for

the Russian Peak areca is typical of mesic habitats in the
eastern Klamati region. The mixture of cancpy species rather
thap wiite fir and Douglas-fir dominance, a mingling of.
‘mesophytic and xerophytic shrubs and a less developed ground

layer distinguish it from Ahies concoler/Trillium ovatum and

Abies councolor/Vicia americana forests found on comparable
habitats in the western subregion. On the drier slopes it

merges with Abies concolor/Ceanothus prostratus (Table 4).

Abies concolor/Ceanothus prostratus.- Described for the

Russian’ Peak avea this forest is typical of the eastern

Klamath Regicen on dry, rocky slopes with thin soils. The

shrub layer may include Lithocarnus densiflorg var. echinoides
) i : : s
1l

not found in the Russian Peak stands. Successional trends
show a mix of mid-elevation conifers gradually growing through

and overtopping montane chaparral. The open, mnixed character

of the mature forest allows the light demanding species to
centinue te reproduce well. Tae lack of a2 dense sirade stage

. - o o MR e I W oy e - :
found in Abics conccler/Chiraphila unnellata acceounts for the
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understory differcnces

ol similav cancpy compositicn. In addition these forests do

D)

pot show th: wore nearly corplete white fir doepinance of the

relatively more mesic Abies concelor/uhimaphiila umbellata

(Tablc 4).
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Subregional differences deséribed in the White Fir Zone
are not as evident ét these elevations. Consistent differences
do occur, but not to a degree warranting typal distinction.

In contrast to Russian Peak stands, regional forests typically

show hnlte fir and Sihasta fir dominance with varying associates.

In the western subregion Quercus sadleriana plays a role in

several types. Also the ecologically equivalent noble fir is
considered to grow in the Siskiyou Mountains (Munz 1959).
Noble fir is included in the Shasta fir data. Field
detcrmination is difficult without the rarely available maturc

concs. Taxonomic differentiation, especially in the Klamath

wn

Reginn i< in dijpute (Franklin and Dryness 1973, Critchfield
and Griffin 1972). Alaska-yellow-cedar was also sampled in
this zone in the central Siskiyou lountaius.

Russian Peak types cenerally arply te the regionzl Shastao
J o o 2k o

fir forests, but with a more narrow definition of Abizs

magznifica/Quercus vaccinifolia. In addition a closed forest

type of xeric slopes with deep soils, Abics magnifica/

CL]U'W]J] J1a unbellata, is also described.

ies mapgnifica/Leucothoé davisiace.- Forests along strcams

and around wet ncadcews and sceps maintain the herb and shvrub

composition (Table 5) described in the Russiai Peak areca, vut

a0}

renceyelly lack the diverse complement of conifers. Instead

nna

the common iercests have the cenopy and veproductive layers

-
-

~
e}

dormiinated by Shasta {ir and white fir. Wi pinc, mountain



o 5 -

hemlock, and lodgepole pine are common regional associates.
Engelmann spruce and subalpine fir are restricted to the
Russian Peak area. This type most commonly grades into Abies

magnifica/Linnaca borecalis forests within the zone. At

higher elevations it is associated with Tsuga mertensiana/

Pnyllodoce ernetriformis where it may be found on mesic slopes.

At lower elevatlions it-is restricted to streamside locations

where it 1s associated to some extent with Abies concolor/

Berberi

L))

nervosa, but mere comieonly it grades into Abies

concolor/Trillium ovatun.

Abies magnifica/Linneea borealis.- White fir and Shasta fir

- dominate these *drests vich in herbs and shrubs on moist,
lower siopes. Douglas-fir, sugar pine, incense-cedar and

‘F\ - white pine are also regionally common. The relative open,
conifer rich stands described for the Russian Peak area zre
rarcly encountered. -Examples in the eastern Trinity Alps,

! | \

eastern Marble Mountains and central Siskiyou rountainrs have
been sampled. They arc found on rocky, though moist moraines

rather than on the uniformiy deep, moist scils -which are

eriana 1s a commeinr dominant

)
-
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(Table S) are coipavenle to those descrihed for the Russian

sieg ¥ A 2 s e Ay
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Peul stands. This type g ies naenifica/loucotnot
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davisiae or the .open forests of the Shaesta Fir Zonc as welltas
Tseurn teus lana/Quercns vaocini folin ot higheor elevations.
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Abies wn*nl fica/Chimaphila umbellata.- On drier middle to

usper slepes and ridges with deep‘soils dense white fir,
Shaéta fir forests are common. Douglas-fir, sugar pine,
white pine, and lodgepole pine are less important than in the
more mesic forests at these elevations. Reproduction 1is also
dominated by white fir and Shasta fir. Shrub and ground
layers exhiibit lower coverage and less variety than do the
more mesic forests (Table 5). Common shrubs include Rubus

parviflorus, Quercus sadlericna, and Rosa gymnocarpa. The

ground layer is distinctive i.. its poor developmnent rather

than composition. Pyrola spp., Pteridium aquilinuu, and

Chimaphila s . are most ccmznon. The forest is ecologicall
g

equivalent to the lower Abics concolor/Chimaphila umbellata,

but distinguish:d by the major role played by Shasta fir.
White fiur dominated forests are found in the Shasta Fir Zone,
but trends indicatec them to be seral ~s Shasta fir is heavily
represcnted in the understory. At higher elevations white

|

fir is rare in the Abies macnifica/Pyrola picta which 1is found

in comparable habitats. The mid-seral phase of dense white
fir cancpy may account for the lack of early scral shrubs
into the more open mature forests. Within the zcne

this type also groades Into the mesic forests with white {ir

1 CHy vt e R I T
and Snastoe (11 Canojy aolminindee.

Abics mapnifica/Quercus vacciniic folia.- The open forest as
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describoed in the oussian PeoX area 1x yplcal of nmoraines am

talus throughout the region. The Russian Peak anulyses
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suggested that this type occurred not only in the Shasta TFir
Zon2, but alsc in the higher ountain Hemlock Zone. Regional

sampling shows significant elevational differences requiring a

redefinition of Abies magnifica/Quercus vaccinifolia (Table 5).

An open forest dominated by Shasta fir, white fir,
Douglas-fir, and with sugar pine, white pine, weeping spruce,
and .lodgepole pine as common associates occurs within the
limits of the Shasta Fir Zone. The canopy is composed of
scattered groups of trees. Snrubs cover the open, rocky

slopes. Arctostaphylos patula, A. nevadensis, Quercus

vaccinifolia, are dominant along with Rosa gymnocarpa and

Acer glabrum. Other sclerophylls as Amclanchicr pallida,

Ceanothus vclutinus. and Holodiscus microphyllus play a less

1

dominant role than in the drier Quercus vaccinifolia/

Arctostﬁphylos patula. Herbs associated with the mesic

forests, as Pteridium aquilinum, Pyro’a picta, and Chimaphila

spp., are common. Additionally Apccynum pumila, Kellogaia
‘ o

galicides, and Monardella odoratissima are most abundant,

but others as Senecio integerrimus, Castilleja appclgatei,

and Penstencn newderryii are less abundant than in the drier

habitats. It gradually changes with elevation into Tsuga

n

Guercus vaccinifoliaz, and on the drier habitat

n

mertensiana/dJue ,
of tne Shasta i1 Zonc inte Quercus vaccinifolia/arctestonnylos

patula.
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represented in the region (Table 5). Quercus sadleriana plays

a major rcle in the western subreginn, and Quercus garrvana

var. breweriana may be locally abundant as well. Montane

chaparral 1s less restricted elevationally than others in the
Shasta Fir Zone and is develcped to a lesser extent in the
wnite Fir and Mountain Hemlock Zones. It grades into Pinus

monticola/Holodiscus microphvllus at higher elevations,  into

Abies magnifica/Quercus vaccinifolia within the zone, and

into Abies concolor/Ceanothus prostratus at lower elevations

where chaparral of similar co.position is also seral.

tountain Hemlock Zone

The generai lack of midelevation conifers, except
ccasionally in open forests, charactei.zes thesc mountain
hemlock -dominated high elevation forests. The Russian Peak

descriptions apply regionally. In addition to them Tsuga

mertensiana/Quercus vaccinifolia is desc ribed crez 2ting three
: ) o
closed and two open forest types for this zone. tands of

silver fir are found in Tsuga mertensiana/Pyrola picta and

Tsuga mertensiana/Quercus vaccinifelia forests in the English

Peak areca of the Marble lountains (Table 6).

Tsuea 0 rtfq:n(uwfﬂ1u1‘nL0LL GINNETY 4,a1~1\.— Forests growin

aQ

along streans, lake margins. and in local sccps are recisnally

dominated by mountain hemlock, Shasta {ir, and vhite pinc.

Subalpine fiv end [Engeimann spruce are restricted te the
Russian Peak arca. The understory of the Russian Peak



description is typical (Table 6). The type gcrades into Abies

maonifica/Leucothog davisine at lower elevations, buft more

comnonly into Tsuga mertensiana/Quercus vaccinifolia

D(-

surrounding it in many areas. The seep phase is generally

higher in elevation forming a mosaic with Pinus monticola/

Holodiscus microphyllus.

Tsuga mertensiana/Pyrola picta and Abies magnifica/Pyrola

picta.- These forests as described for the Russian Peak area
are regionally uniform in their simplicity and pattern.
Species dominance is consistently.;orrelated with habitat
différences, the dry slopes dominated by Shasta fir and the
moist slopes by mountain hemlock. The lack of understory
development is also characteristic (Table 6). Noble fir
replacec Shast. fir in the Siskiyou Mountains and silver fir
grows mix~d with nountain henlock on rorth-facing slopes in

the English PeakX area. Thesc types merge intor Tsuga

mertensiana/Quercus vaccinifelia and Pinus albicaulis/

Holodiscus microphyllius.
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Tsuca mertensiana/Qucocrceus vaccinifolia.- Such oven forests
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grow cn moraines, talus and cool upper slones with soils tco
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thin to support closed staunds.
miovatvain hemiock tend to deuninatersuch habitats: Weeping
spruce 1is most commonly found in this type. Lodgepele pine

ond to a lesscor extent siitver fir and white fir arec alsc

PRIV

associates. These trecs are scottered around the boulders
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and shrubs. A well developed shrub layer (Table 6) includes

Vaccinium arbuscula in seepage areas. Quercus vaccinifolia,

Arctostaphyleos nevadensis, A. patula, Holodiscus microphyllus,

and Amelanchier pallida mix with others throughout the stands.

The ground layer is a mixture of mesophytic species, as Arnica

latifolia, Penstemon duestus, Clintonia uniflora, juxtiposed

with xerophytic species, Penstemon newberryi, ionardella

odoratissima, Sedum obtusatum, Senecio integerrimus, and Phlox

diffusa, in the same stand. This microhabitat variability is

-
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more characteristic of this tvpe than of Abies mognifica/

Quercus vaccinifolia which lacks the moist microhabitat

complement. In this respect this type is as much an open,

hioh elevation extension of the onen phases of Abies magnilica/

Linnaca borealis and Abies macnifica/Leucothoé davisiaec as it

. . - 5 = s . _— 7
is the Arier Avies magnifica/Quercus vaccinifolia. Additionally

it grades into the closed mountain hemlock, Shasta fir forests

as well as Pinus monticola/liolodiscus microphyllus.
‘ 3

Pinus monticola/Holodiscus microphyllus.- The Russian Peak

description is typical of thesc wocdlands most cemuonly found

in the Trinity &lps. Vhite pine and lodgepole pire deoninace
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airhbuscula is found In loca
sufficiently developsd for Tsvza mericensiena/Phyilodoce

copetriformis (Table 6). It grades into Quercus vaccinifolia-

P
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Mretostanhivies potuiaat lower elevaticns, but dilfcrs in that

Avctostapiylos nevadensis tand Holodiscus micropnyllus dominate -~
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meadow communities within the zone, or Pinus albicaulis

Holodiscus microphyvllus on the higher ridges and summits.

A single woodland type is recognized at the highest
elevations. Other habitats are occupied by a series of
1-

meadow communities. The Russian Peak description 1is typical

of these woodlands best represented in the Trinity Alps.

Pinus albicaulis/Holodiscus microphyllus.- Shasta fir and

mountain hemlock are thec common associates with whitebark
pine. Foxtail pinc is not restricted to this type, to the
elevation zone, or even to granitic parent materials. Instead

foxtail pine woodlands arc better developed on ultrabasics.

Shrub and herb composition is similar to Pinus monticcla/

1 \

; |
llolodiscus. micrcphyllus, although Ceanothus velutinus,

Chrysolepis semnervirens, and Hanlopap»nus grcenel arc more
) 5 ! b i O

common (Table 6). Cercocarpus lodifolijus is restricted to

. S T R - 1T MNaa 19 = T~ A
Polemoeniw,: pulcherrinum and Draba hewellii are also restricted

to these weedlands. Below 2,225m this weedland most comnmonly

grades into Piims nenticela/liolediscus microphvllus and t

o — —_—

closed mountain hemlock-Shasta fir forests of the rlountain

sa ] % g L y
Hemleock Zene.
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DISCUSSTUON

he regional forest patterns on granitic parent materials
are reasonably predictable in spite of the complex mosaic
throtghout the Region. If only the mature forests on deep
solls are considered, the pattern is readily apparecnt: a
series of-eicvationall) zoned forests dominated by one to
several trec species. Within each elevational zone understory
development decreases with increased habitat dryness. Forests
rich in herbs and shrubs along the streams give way to simple
forests barren of understories on the dry slopes. The pattern
is similar to that of other western mountain arcas (Daubenmire
and Daubcnmire 1968, Franklin and Dryness 1973) but is less
obvious beccause of the lack of habitat continuity. In
addition to the strong climatic, topogrephic, and lithic
diversity, a variable fire history creates a variety of
confusing seral stages. For this reason the uvnderstory

: i o i

composition is more indicative of habitat conditicns and
more regionally consistent than is canopy composition.

Regional patterns show decreasing gecographic

diffzrentiation with increcsing eclevation. Subregional
1 L ST S A - At - -1 0 SAra ] Ay S -
differences are greatest at the low elevdations. In the

+ C

western subregion low-elevation Douglas-£fir,tan oak

give way tc wihite fir,Douglas-Iir forcsts, then to Shasta
fir,white fir [forests and to mountain henlock,Shasta {ir
forecsts with increasing clevation., In the eastern subregieon

the pattern is similar, but with ponderosa pine-dominated
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forests at low elcvations. The subregional differences are
not as extreme within the White Fir Zone as the classification
suggests. White fir,Douglas-fir forests are typical and best
developed in the west at these elevations, but can be found

anywhere on suitable habitats. Likewise Abies concolor/

Ceanothus prostratus forests can be found in the Siskiyou

Mountains. Subregional differences in the Shasta Fir Zone are
not .great enough for recognition of types, although some
consistent variation has bcen described. The forests of the
Mountain Hemlock and Whitebar.: Pine zones are regionally
uniform in their simplicity in spite of being highly
discentinuous.

Elevational zonation is more apparent in mature, closed
forésts than in comparable open foreéts, where individual
speticsishow greater environmental ranges, e.g. white fir and
Douglas-{ir grewing on a ridge at 2,10'5m with foxtail pine znd
whitebark pine. The greater restrictign in tﬁe closed “orcsts
can be ccnsidered a function ndt only of differences in
individual tolerances, but to a greater degree, of differential
conpetitive advantages. In this way the number of occupiable

3

hahbitats for cach specles 15 roduced, aad zonation results, us

(RN
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expected from ecolozgicel theory (Odum 1971).
The lesscnzd depree of competitlive interaction among

V&

individuals of the open forests gy also account for soiie of

G

0

the greater stand-to-stand variability observed (or thosc
types. It folliows that arcas with open forests would be

expected to have greater floristic vaviety than comparable
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ones with only closed forests, and that a mosaic of both
kinds within a single area cr zone would be expected to have
the greatest.

Additionally, some forests grow on more physically
variable habitats. The xeric/hydric mosaic of microhabitats

described for Tsuga mertensiana/Quercus vaccinifolia are

illustrative. Thus within-habitat complexity also leads to
floristic diversity.

Competitive restriction of regionally common species
growing on nmesic havitats is modified not only by the presence
of less competitive, open habitats, but also by disturbance.
The maintcnance of seral stands allows species to grow in °
additional areas not available to them woen the site is
occupied by climax forests. For example, lodgepole pine grows
not only in the open forests at higher elevation but also in

s on mesic habitats, i here it will potentially

o]
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seral communi
be replaced by Shasta fir and mcuntain}hemlock. Fire plays a
significant role in maintaining midseral stages, especially
in the Wihite Fir and Shasta Fir zoncs, but possibly not to

the extent succested for the Sierra Nevada (Kilgore and Briggs

1972). Some disturbance, thon, will maintain floristic

diversity on uniform habjitats. Other factors such us sced

source ana disneysal abilitiecs will ulso determine forest

compositicn under such conditions and create compositioaal

variability in spite of habitat uniformity.

One a lounger time scalc ulsturtance such as glaciatien

will crecate new and different habitats, such as moraines,
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cirque basins, talus, and filling lakes at the higher
elevations, all cof which will be less competitive because of
their variable and poorly developed character. Such
disturbance has increased habitat variability in the Klamath
Region since glacial action was localized, although widespreaa.
In addition, this disturbance would lead to localized and
differential extinctions in variocus parts of the Region
depending on local topography and preglacial floristic
patterns. The result would be to further complicate patterns
by individualizing species distributions. Warm, dry periods
would have the same effects, espeéially for midelevation
floras. Tne chance of total extinction in the Klamath Region
would be low, since this topographically diverse area would
llave a flaaltiua nuaver of suiteble hebitats that could act as
refuges and subsequent centers of dispersal when environmental
conditions chznge. Regional habitat Aiversity could also
allow successful introductions from adjacent vregions, further
: 1 .
enriching the flora. The presence of xerophytic shrubs of
the California chaparral and woodlands can be accounted for

4

in this manncr. A Great Basic element (e.g., Cercocarpus

ledifclius-liaplonanrus spp.-Art 1 tridentata) 1s alsc
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castsrnn subregion.
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prescnt in th
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Dy <on as 0f cxtensive and savaerc disturbance
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woutld be cxpected to show o simplification of {floristic

/i

patterns. Lxtensive glaciation would result in a less diverse

v
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flora to vegetate the newly created hravitats.  Fire, if it
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were extensive and frequent, would simplify in a similar manncr.
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In areas where knocbcone pine forests are extensive other

i

1 1

forests tend to be simpler lacking such trees as the

aQ

supposedly fire-sensitive weeping spruce, even though
suitable habitats are available.
Throughout the Cenozoic the Klamath Region has

continuously maintained a diverse set of habitats occupied
by a corresponding array of foresté. During the Tertiary a
change from summer-wet to summer-dry climates occurred,
floristic segregatidn followed with increasing habitat
differcentiation. Summer-dry climates accentuate habitat
differences in moisture availabiiity and resulting effective
growing seasons. Additicnally regional upwarp produced
increascd floristic differentiaticen. Surh a history allowed
not only for maximum retention of Arcto-Tertiary elements,
but for an assimilation of Madro—Tcrtiary‘elements as well.
Plcistocene glaciation and climectic cooling resulted in
localized extinctions and range diffcyentiation of individual
y
species. In some areas, such as the Central Trianity Alps, the
effects were severe and extensive. In response to warming
trends and deslaciation, comitunity associations were

Ly, climate, available

recarrangcd depending on loc&l topography,

populations, and the dispersal avilities of the individual

- - ~ % - o Bl e woaged 2 n v o s 5 L -

specices, a process which continues today in response to
continuing ecnvircnuental change.’
Fire has further modified this vegetational response by

eliminatlilg speclds 1rom arcas wnceve Lad) coula t'u'\.bhtl\:ll)

grow. A countereffcct is that fire has also maintained
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extensive, less competitive seral stands throughout the regicn
where some species could have potentially been eliminated.

Tinme for dispersal, competitive interactions, and habitat
devclopx;nt have been sufficient to reduce local influences,
and regional patterns are therefore evident, especially for
the closed forests. The associated open forests are more
variable in floristic compesition, particularly trees. ' These
open forests tend to grow on environmentally heterogeneous
habitats, wherc competitive interactiéns are less realized.
The most diverse forests are found under such conditions
except where water is severaly limiting. Such habitats are
the exception, but do tend to occur in the Shasta Fir and
Mountain Hemlock zones.

then these environmental conditions are encountcred,
forest -composition is unpredictable. For example, Shasta

<

fir,white fir stands are typical of Aries macgnifica/Linnae

frb)

|

borealis. At higher elevations mountajn hemlcock and Shasta

=

fir are conmnon dominants of Tsuga mertensicna/Quercus

vaccinifolia. But in certain areas - the ecastern Trinity

=4

Alps, castern llarbles, central Sisxiyous, and especially the

Russian Pecak arca - floristically varied forests are found in

these and otner types. That these specific arcas show such

exceptienal richness, a variety creaced by the accumt:lation

of populations of several rclic specics groving together,
must be duce to distinctive lecal history, Siﬁcc>compafablc
habituats ave regionelly available.  Sucn local history also
accounts for the stands of silver fir in the southern Marbles

and Alaska ycllow-cedar in the central Siskiyvous.



Pleistocene distribution of these trces may have been

patehy threushowt the Reécion. Pleis

wn
ct

ocene glaciers destroyed
most populations. In the Russian Peak area, however,
subalpine fir survived as krummholz on cliffs above 1ice
margins, subscquently repopulating hydric habitats created by
glacial retreat. Englemann spruce survived along streams
below the glaciers, and later repopulated streamside hdbitats.
Range maps (Fig. 10, 11) suggest such interpretations.
Suitable habitats for other populations remained in the area
as well. The habitats along the.cool east tending streams
would reduce fire intensity and frequency allowing the
maintenance of populations of weeping spruce. Low fire
frequency shoull result in the competitive climination of
shade-intolcrant species like lcdgepolc pine, but suitable
opcn hébitats’are available on mcraines and dry slopes. Thus
the higher than normal diversity is naintained in the Russian
Pegk area, and to a lesser extent in a few other locatinns

b

within the Regien.

<

The general similarity of the Region to the southern

7]

Apnalachian forests surcests a similar history. In the

¥lamath Regicen variety in vegeclation patterns ana floristic

composition may bLe duc not so nuch to the long period

=

of

environmenital stability, hut tc the porturbaticns which have
kept the arca in a Coﬁtinuing state of development. These .

maintain high habitat complexity and continued rearrangement
of floristic clements through tince. lHowever thc'porturnuuibns

arec not repionally scvere nor uniform, thus allowing local
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maintenance of individudl species in certain areas with
suitable habitats. Such areas, especially Russian Pezk, hLave
been favored by just enough disturbance to maintain habitat
complexity, but not enough to destroy continuing relic
populations. Other parts of the Region have had extensive

or highly restricted disturbance, leading to either a
degradation in fleoristic composition or a competitive
elimination of species on extensive uniform habitats.
Relatively simple forests would result in cither case. In
the Klamath Region more intermcdiate situations are typical,

and the result is a highly diverse vegetation mosailc.
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TABLE 1. Climate records for selected stations 1n the

tations ordeved from western,

wn
‘n

central Klamath Recion.
maritime influenced to eastern, continental influenced
locations. No long-term data available for middle and
high elevations except Mt. Hebron Ranger Station. U.S.

Dept. Commerce Annual Summ. 1973. Climatological Data

77(13).
Elev. Normal temp., °C. Annual
Station m Ann. Jan. Jul. Precip.,
Klamath 8 11.2 7.1 15,9 2,684
Orleans _ 124 14.6 S s 2% 1,766
Happy Camp 350 13.4 3.2 23.6 1,692
Sawyers Bar : 661 12.3 2.3 23.1 1,358
Callahan 971 10.4 1.4 20.4 527
Yreka §00 11.7 0.9 23,3 4572

Mt. Hebron R.S. 13385 6.2 " =5u2 17.7 351




Table 2.- Habitat moisture

direct ordinationz. Soil meoisture

if factors other than

equal. A - 1indicates
the following scale: NNE, NE, N, ENE,

SSE S, SSW.

-

SE, W, Wsw, S,

conditions

NN,

E,

el c;

cquivalency index usced in the

ent

(]

gquivadld

topographic position and aspect are

inclusion of intermediate aspects along

AT G N4 (i
'R > ESE 3 h.\b‘v 3

§ | | ! 1 | ! | |
v A A= = 1 = = = 1%
m Mo m— > — o - - — o — =
m I ™o = o= oo o o o ==
w = = = — o ™ - o o m o =
v > > o m o Mmoo ™ > m s
[Sp 2N ol o Nis =] [zal w w m w w —
mr M w w
noc nr
<< { ot
= =
> p—
INDEX = ,E
1 X
2 Y
3 X NNE-SE
S L W-SSsV/ NNE, NE
5 N,EHE
6 NNV E NNE,LE |
7 NW,ESE N, EtE
8 VNV, SE NNV E NHE, NE
9 W,SSE KW, ESE H,ENME
10 Vs, S Y, 52 W E
il Sw,8Su W, SSE i\, ESE )
12 VISV S Ve, SE NisE~if e
13 SV, S5 V', SSE tiI=-h\
14 HSU,S ESE-SW
15 SW,SSW V=S
16 S-SSW X




TABLE 5. Ecological roles played by middle and high

PN

e Fir, Shasta Fir, Mountain Hemlock,

et

elevation trees in Wini
and Wnitebark Pine zones. Equivalent scientific names for

ConifcfS‘(Fiv. 1) . Chinquepin (Chrysolepis chrysophvlla),

Canyon live oak (Quercus chrvsolepis), Biglcaf maple (Acer

a
f=

macrophyllum), California black oak (Quercus kellcggii).
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Zone types.
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i

Forest typesc WF/Trov WF/Viam WF/Ptagq WF/Bene WF/Cepr
No. relevés 20 17 17 156 26

Species . Prs*C/A Prs+C/A "PrssC/A Prs+C/A Prs-C/A
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'including }. d. var franciscanus, ?C. c. var californics
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Lenicera conjugialis 15+2

Arctostannvios navadansis 4.3
Arctostcachylos vatula )
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MH/Phem 1MH/Quva MH/Pypi

29 18

y

pi

WP2/Homi

23

Species Prs+-C/A Prs+C/A Prs<C/4 Prs-C/4 Prse<C/A Prs-C/A

Shrubs

Cassicoe mercensiena 143

Ledun glandulosum? 173

Kalmia polifolia? 23

Stmbucus melanocsrps 143 6-3

Alnus sinuatz 2814 6+5

Phyllodoce cmpgtrilormls 58«4 6+3

Sorbus californica 34-2 17+2

Sziix commutats 24+3 173

Vaccinium membranacium’ 10-2 11-3 y

Ribes lacuztre 31-3 17-%L

Acer zlabrum? 714 22+ 4

Yeceiriun sesnanium 34-4°  11-3 | 1i-3
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Vecelrluw arbuseuls 864 22+3 L3

Suzrous yioeinifoila 14-2 . 560 €.z 65t 5+ 4
21+2 53+3 63 k-3 13+3 1062
243 674 28+3  2he3 01-5 &2 4
T3 Il 112 142 22-2 353
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S. d. var scopulorun,
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FIG. 1. Latitudin2l ranges of Klamath Region conifers.

Redwcod {Seaucia sempervirens;, western red-cedar (Thuja

plicata), western hemlock (Tsuga heterophvlla), Port-Orford-

cedar (Chamaecyparis lawsoniana), noble fir (Abies procera),

Alaska-yellow-cedar (Chamaecynaris nootkatensis), Douglas-fir

(Pseudctsusa menziesii), western white pine (Pinus monticola),

weeping spruce (Picea breweriana), western yew (Taxus

brevifolia), mountain hemlock (Tsuga mertensiana), white fir

(Abies concolor), Jeffrey pine (Pinus jeffreyi), sugar pine

(Pinus lambertiana), ponderosz pine (Pinus ponderosa),

incense-cedar (Calocedrus decurrens), knobcone pine (Pinus

attenuata), digger pine (Pinus sabiniana), silver fir (Abies

amabilis), Engelmann spruce (Picea engelmennii), subalpine

fir (Abies lasiocarpa), Siskiyou cypress (Cupressus bakeri

ssp. matthewsil), red fir including the Shasta fir variety

/7

found here (Abies magnifica var. shascensis), leocdgepele pine

a5
2

{Pinus contorta var. murrayana), whitebark pine (Pinuc

albicaulis), common juniper (Juniperus comnunis var.

saxatilis), foxtail pine (Pinus balfouriana), and western

juniper {Juniperus occidentalis).
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FIG. 5. "The Russian Peak area looking west from the Scott
Vallev 10 kr ssuth of Etna on State Route 3. Localized
gliciation seen on Eaton beak, 2,322m (center) as well as in
the Sugar Creek (to the left) and Duck Lake Creek (to the

right) drainages.



FIG 4. Lithic patterns, showing subprovinces and najor

4 granitic intrusions, of the Klamath Region in California.
Study areas: (1) north Siskiydu Mountains, (2) Bear Peak

; area, (3) south Siskiyou Mountains, (4) North Trinity

Mountain area, (5) western Marble iountains, (6) Enzglish
Peak area, (7) Russian Pezk area, (8) central Trinity Alps,
(9) Beulder Creek area, (10) Eagle Peak area, (11) Granite
Peak area, (12) Weaver Bally, (13) Shasta Bally, (14) Ammon

Ridge.




Y%

FIG. 5. "Direct ordination cf individual conifers. Samples

pletted 0y eleviticn and moisture (Table 2) outline the

environmental space (5A). Isorithms for species dominance
! J P

(5B-5R) form nomograns of population levels based on canopy

=)

cover. L- low dominance, <10%: - moderate dominance
b} > b
10-25%; H- high dominance, 25-50%; V- very high dominance,

>50% .



FIG. 6. 'Ordination of midelevation forests based on canopy

3
|-J
9]
tn

composition of &8 samples. Lines group =aaples or similar

ry

canopy composition. A- forests of typical mixed, midelevation
composition (white fir, Douglas-fir, sugar pine, ponderosa
pine, incense-cedar). I- ponderosa pine-dominated forests
with other species absent or in recuced influence.

II- ponderosa pine-dominated mixed forests, white fir,

"Douglas-fir, and incense-cedar secondarily important.

I1I- mixed fdrests; the five species with equal dominance,

or with white fir and/or Douglas-fir dominance. B- forests
with mixed composition enriched by typically higher elevation
species (Shasta fir, lodgepole pine, western white pine,
mountain hemlock, Engelmann spruce, weéping sprucec). The
presence of any of these in the canopy is needed for
inclusion. IV- Engelmann spruce-dominated forests.

V- Enriched mixed forests with no spacies dominance.

VI- Enriched mixed forests with a highidominaﬁce of wii=e

fir and/or Douglas-fir.
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Fig. 6. - No samples were

those criteria.

to moisture (Table Z) and elevation
classification into III and V as in

classified into I, II, IV, VI using
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FIG. 8. ’'Indirect ordination of 221 stands in the Russian
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Peak areaz using methods descri
type symbols indicate extent of vegetation unit(s).  When
type symbols are not separated, they cannot be segregated
in the x,v-ordination. Segregation occurs along the
gradient (z) of increasing canopy coverage. WF/Bene, Abies

concolor/Berberis nervosa; WF/Cepr, Abies concolor/Ceanothus

prostratus; RF/Leda, Abies magnifica/Leucothog davisiae;

RF/Libo, Abies magnifica/Linnaea borealis; RF/Quva, Abies

magnifica/Quercus vaccinifolia; Quva-Arpa, Quercus vaccinifol

172 -
4 e

Arctostaphyvlos patula; MH{/Phem, Tsuga mertensiana/Phyllodoce

empetriformis; MMH/Pypi, Tsuga mertensiana/Pyrola picta;

N

RF/Pypi, Abics magnifica/Pyrola picta; WP/liomi, Pinu

monticecla/Holodiscus microphyllus; WB/Homi, Pinus albicaulis/

Holodiscus microphyllus.




FIG. 9. -Direct ordination of Russian Peak
types. Elevaticen and soil moisture (Table

environmental space as in Fig. 5.
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FIG. 10..

Peak area.

Known locations of subalpine fir in the Russian

Extent of localized populations in seeps benind

»

Little Duck Lake and on Grizzly Peak exaggerated.



©1(G. 11. Known locations of Engelmann spruce in the
Russian Pecak arca. Isolated trees prow at lower clevations

‘ 1 aiong Sugar and Duck Lake Crecks.
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