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Abstract. Study of montane and subalpine forests

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

development in a physiographically and climatically complex

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

respect.

A study of forest p atterns on g rani t ic p arent materials

allowed for an analysis of these relic populations as well.

Significantly different forest patterns are found on the

regionally extensive metasedimentari . and ultrabasic parent

materialS. General. reconnaissance poented to the Russian

Peak area as one of unusual interest with an exceptional

concentration of 16 conifer species. Intensive sampling,

ordination and classification analyses defined 11 forest

types. These, were then tested by samp l ing in 1 3 ad,litional

areas which led to the recognition of 16 regional forest

:types on granodiorites.

A reasonably predictable pattern emerged. Forests
show decreasing geographic differentiation with increacing

elevation. Zonation is more apparent in mature,

floristically uniform, closed forests on deep soil habitat.



Diverse,'open forests are found on heterogeneous, non-

competitive 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.

Key words: California, conifer distribution, floristics,

forest types, Klamath Region, re!ics, vegetation 

patterns.



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 reveal 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 zodified

examples of western North American Tertiary vegetation

(Wolfe P%69).

Whittaker (1960) argues that current vegetation

patterns are controlled primarily by parent materials,

and secondarily by elevation and soil moisture as it

relates to topography. His work was done primarily in

the Oregon Siskivou Mountains and was concerned chiefly

with low to middle elevation patterns. Whittaker's 1961.

paper on the phytogcographic implications suggests that

the region is a center of z_ccumulated species of varied

evolutionary history.

This interpretation is readily apparent from the

distributions of several groups, notably the diverse
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complement of conifers growing in the region (Fig. 1).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 spruce), and the southern Sierra Nevada

(foxtail pine) find 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 elevations.

Such generalized accounts fail to explain fully why

the localized populations of these relics are scattered

througnout the region in a variety of habitats at various

elevations. To resolve this question we initiated a study

of the ecological status of six relic conifers (silver

fir, subalpine fir, Engelmann spruce, weeping spruce,

Alaska yellow-cedar, foxtail pine). Compositional and

habitat comparisons for 17 areas supporting one or more of

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

The initial work demonstrated•the primary control of parent

materials over vegetation expression, as well as the

'For brevity common tree names will be used.
Figure 1 provides equivalent technical names.
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general application of 1,:hittaker's analyses. 	 It also

pointed out 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 the regional vegetation mosaic wa.s then evaluated,

since all six species grow on granitics. although none is

restricted to them.

Additional. studies made in the Rusian Peak area

included an inventory of the vascular flOra, a mapping

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 PHYSICAL SETTING

The Klamath Region is a geologically defined 30,560 km2

area in northwestern California and southwestern Oregon.

Although it is geographically 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 Sacramento 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 Trin i ty Rivers (Fig. 5). The Klamath River

begins outside the Region in the south-central Oregon

cascades. It generally flows west, the.c. south until it

.neets the Trinity River, where it turns abruptly north

the Pacific Ocean:

To the north and west of the Klamath River lie the

Siskiyou Mountains, whose west slopes are drained by the

Smith River. The peaks of these rug g ed mountains range

generally from 1,400 to 2,000m. Preston Peak (2,223m) is

the prominent feature in California.

The central part of the K)amath Region includes a -

complex of poorly defined ranges in part drained by the

Scott and Salmon Rivers as well as the North and Last Forks

of the Trinity River. These mountains have generally higher

peaks and rikl e (1,900 - 2,500m), and include the Marble
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Mounta i ns, nearest the Klamath River and the Salmon

-Mountains, which continue south and then west. To the

south, the Salmon Mountains blend into the Scott Mountains

and the Trinity Alps. The latter represent an expanse of

heavily glaciated peaks culminating in Thompson Peak

(2,744m).

South of the central area are less prominent ranges

with only a few outstanding peaks, such as Bully Choop

(2,122m) and North Yolla Belly (2,397m). This area includes

the headwaters of the South Fork bf the Trinity River, the

Trinity Mountains, and the South Fork Mountains. South

Fork Mountain, a ridge some 64 km long, is considered the

Region's western boundar y . The western tributaries of the

Sacramento River drain the eastern portion of the Region.
Rugged ra ,:,!.ntain 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 RegJ. 1,

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,

thew-h still highly dissected. The gentler slopes arch

toward broad ridges and cre.sts in unglaciated areas. On

higher terrain (e.g., the Trinity Alps) alpine glaciation

has created strong relief of sharp ridges, steep slopes,

cirques, and U-shaped valleys.
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CLIMATE '

The steep . climatic gradients typical 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).

Increased sunshine, potential evapotranspiration,

diurnal temperature 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 California is somewhat

modified here by summer thunderstorms and occasional

cyclonic 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 common at middle and high elevations in the

area. Deep snow melts slowly during the late spring and

early summer, approximating environmental conditions at

higher elevations in the Sierra. Nevada and the Cascades.

In years of heavy snow , pack,. snow fields may remain

throughout the summer on north and east facing slopes above

1,850m. Permanent snot; fields occupy the north slopes of

Thompson Peak in spite of its modest elevation (Sharp 1960).
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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. The presence of the Marble Mountain

Wilderness, the Yolla Bolly Wilderness, the Salmon-Trinity

Alps Primitive Area, and 33 de facto wilderness areas here

attest to its natural character. Nearly 3 x 10 6 ha are

still roadless.

The summer-dry climate creates ideal conditions for

frequen 4- 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 mid-1800 gold rush period (Whittaker i960).

Fires continue to be a major environmental control of

vegetation-expression, but probably with reduced influence

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

GEOLOGIC HISTORY

The Klamath Region is an area of mature topography

resulting from a long, complex history of development.. Its

pre-Cenozoic history is similar to that of the Sierra Nevada,

and in this respect the Klamath Region can be considered a

northwesterly continuation of that rang;2. However, the
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differenCes are significant: These lower mountains trend

in several directions. The older Paleozoic 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 Mesozoic development was

followed by relative stability during the 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 degrees of regional metamorphism (Davis 1956, Irwin

1966, Oakeshott 1971). The resulting Cretaceous land mass

has not been subsequently submerged.

The early Tertiary mountains were eroded to a generally

relief by Miocen .L?. times. Uplift f011owcd by erosioA of

this peneplain surface then occurred. Possibly two or more

complete cycles of erosion followed by uplift are suggested

by the elevations of accordant crests and ridge lines in the

area (Irwin 1950) ; however, late Tertiary and Quarternary

t ilt iTlg, d-2fcrma t ion, and erosion complicate interpretations

(Irwin 1960).

Quarternary glaciation significantly eroded the higher

mountains. Glaciers were most extensive in the central

Trinity Alps surrounding Thompson and Swtooth Peals (Sharp

1960). More localized montane glaciers were characteristic



of north and northeast tending drainages of the Trinity,

Salmon, Marble, Scott, Siskiyou, and South Fork mountains,

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 arcuate belts of distinctive rock

assemblages of similar age and character. These sub-

provinces are the Eastern Paleozoic, the Central Metamorphic,

the Western Paleozoic and Triassic, and the Western J...:_rassic

(Davis . 1966). They include, and are more or less regionally

separated by, faults and granitic and ultrabasic intrusions

(Fi g . 4). The wollev Creek, the Ironside Mountain, and the

Shasta Bally Batholiths are extensive. Ultrabasic intrusions,

principally peridotite and dunite chiefiv altered to

serpentine, are common and may be extensive.

The composition of the sedimentary and volcanic 'Woks

and the degree of metamorphism vary among the belts. This

variability, along with that of the intruded ultrabasic and

granitic rocks, results in a very high diversity of parent

materials within the Klamath Region.

Of these materials, the granitics of the region are

diorites. Fornblende diorite is found in the westein part

(Ironside fountain Eatholith, Siskiyou Mountains) and

quartz diorite to granodiorito in the eastern part (Wolley

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

introduction of other various taxa; nevertheless of all the

forest .regions in western North America the forests of the

Klamath Region are the least modified.

Whittaker (1961) argues that the relative stability of

the forests is the result of the Region's long history of

mature topography, its regional lithic diversity, and central

geographic location. These factors minimized the effects of

a climatic shift from a sumn•r-wet to simmer-dry conditions.

Additionally the Klamath Region has not undergone the

sjgrificant geologic alteratieus (mountain building,

'volcanism, marine submergence). experienced over mucl• of the

• West since the Miocene. Instead the maintenance of high

regional habitat complexity through time has increased the

Region's floristic and vegetntional diversity. The

shrinkage and differentiation of the mixed Arcto-Tertiary
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lowland and montane forests, in addition to assimilation of '

the Madro-Tertiary elements of woodland, chaparral, 	 and

grassland, could occur because diverse habitats were

available. Wolf's (1969) reconstructions of late Miocene

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 Klamath Region endemic,

and Alaska yellow-cedar, which now attains its southern

range limits here.

The cooler and drier climates of the Pliocene probably-

modified Miocene forests to more closely approximate modern

patterns. Whittaker ( 10A1 ) s11ggests t hat SeT_Icia	 mor

restricted to coastal areas at that time. Actually relic

stands of Sequoia still occur in the western parts of the

Region (Cfiffin and Critchfield 1972).

Pleistocene glaciation significadtly affected vegetation

patterns. Since the glaciers were localized, subalpine and

alpine vegetation was not eliminated to the extent

experienced in other western mountain areas. The cooler

Pleistocene climates no doubt also allowed the expansion of

subalpine and montane fo-rests to lower cic ,:ation .;,.	 In thq

way the Klamath Region might have acted as a source 	 for

colonization of the surroundinc;, recently elevated mountains

of the coastal ranges to the north and south, and even

possibly the Sierra 'Nevada (howell 194 )-
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SubSequent xerothermic periods probably caused local

extinctions of some montane and subalpine species and so

further modified vegetation patterns. But because of the

region's high habitat complexity such localized extinctions

and readjustments acted to complicate rather 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 history the Klamath

Region now has one of the most highly complex vegetation

patterns in North America.
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METHODS

The field work was accomplished in the 1968-72 field

seasons: A regional reconnaissance in 1968 indicated the

importance of the Russian Peak area which was intensively

studied in 1969-70. The resulting forest types were tested

in 13 other granitic areas in 1971-72. Sampling was

restricted to forests above 1,250m in the montane (1,250-

1,950m) and subalpine (>1,950m) elevations.

iq ost areas at these elevations are not accessible by

road. Plant collecting, vegetation, and soil sampling were

accomplished by trail hiking or cross-country traverse. The

reduired hiking added to the nleasure, if not the sueed of

gathering data. Over 2550 plant collections were made, 1300

in the Russian Peak Area alone. These are deposited in the

Humboldt State University Herbarium. Some 458 releves were

taken, 221 within the Russian Peak are'a. In each rel .,,wc3 we

recorded species cover/abundance estimates using the standard

7-, rank scale and procedures of continental phytosociologis.ts

.(Shiwell 1972).	 In addition, we noted location, parent

material, teenegraphic position, percentage slope, aspect,

soil depth and stonyness, litter characters, and disturbance.

Stand characters of height in m and coverav, e in percent of

tie canopy, sapling, seedling, shrub, and herb . layers were

estimated.

The locations of the rclev6S were chosen not at random

but to represent typical mature vegetation. Data analyses

did not assume a random selective procedure.
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RUSSI.- PEAK AyALysEs

Development of Russian Peak vegetation types

Quantitative analyses were undertaken in an attempt to

determine major relationships between species distributions

and environmental fact-Drs, and to objectively define species

groups forming vegetation types. In these analyses the

following designations were used: (1) the ve g etation of each

releve as a stand, (2) the characteristics of the immediate

environment of each releve as a habitat, (3) a series of

stands occupying points on a continuous scale as a vegetational

gradient, (4) detected groupings of stands on vegetational

arcliPI)tc Pc vea p tatinn tvnes. , and (S) the q natial arrangement

of stands in relation to axes of variation as gradient analysis

or ordination	 (Goodall 1954, Whittaker 1967). Direct gradient

analysis employs environmental axes, whereas .indirect gradient

analysis utilizes compositional axes '('Shimwell 1972).

The environmental characteristics of each relev6.were

transformed to numerical indices. A moisture equivalency

index was derived, renresenting an _ estimate or the soil

moisture availability for each c=munity, considering

position :-Ynd aspect (Ta:Dlo 2). 	 This scale implies

'equivalent moisture conditions for locations of similar

topographic position and aspect if other soil conditions are

equal. The exposure scale developed by nittaker (1961, 1967)

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

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

3=6, 4=17, 5F37, 6=62, 7=87).
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Direct gradient analysis of species

The average percent cover of 10S 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

requirements 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 conifers is reported

(Fig. 5).

INDIRECT GRADIENT ANALYSIS

Since we could not readily identify species combinations

by direct analysis using the elevation and moisture gradients

alone, we attempted to identify relet-onships among different

stands on the basis of vegetational similarity. The

composition of the vegetation of a community is an indirect

indication of the nature of the environment and of recent

history. ComT)ositional gradi_ents should reflect

environmental gradients insofar as species are limited in

tolerance b y those factors. Stands were arranged along

gr:2.dicnts of varying vegetational composition by the

ordination methods of Bray and Curtis (1957) as modified

by Deals (1960).



-18-

Ordinati6n of middle elevation forests

Sixty-ei g ht 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 t12 same 68 stands

shows a more definite pattern. Oniy typos III and V are

recognized by the definitions used iz the canopy ordination.

Those show close correlation with the ,elevation and mcture

index gradients (Fig. 7), suggesting that the reproductive

layer better represents the potential patterns and past

stand histor y influences canopy composition. Fig. 7 also

suggests that these two objectively defined forest types

arc distinct on the basis of elevation and moisture

ffradients alone. This supports WhittaLer's (E)60)

conclusions that, after parent material, elevation and

topographic moisture arc the major environmental controls.



-19-

Ordination of all stands

After the success of midelevation analysis, another
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 extractd.

The x-axis was constructed from two stands typifying

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 habitat. Stands are arranged on the z-axis representing

a gradient froF. a deep-soil, densely canopied forest to a

shrub field ov:r thin rocky soil with very low tree coverage.

men arranged on these nearly perpendicular axes the

stands form distributions that approx!Iate interstand'

similarities in the calculated similarity matrix (Fig. 8).

There is a close relationship between ordination distance

and calculated similarity among more marginal stands.

However, those stands nearer the center are not arranged in

significant patterns by the axes of this ordination. Other

'cohinations or axis endpoints were attepted, hut.
resulted in the same problems , and created groupings with
less information.

An attempt to test the relationship between the calculat,,:d

similarity and ordination for 291 pairs of randomly selected
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stands showed a low positive correlation (r=0.109 for P<.05

with N-299). Stand similarity and distance 'fl the ordination

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,

Gauch 1973). Since the axes representing gradients were

constructed in relation to the vegetation of the end-points,

the description of vegetation occupying the center of each

gradient was inexact. Species pr esent 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 si g nificantl y affect stand Position on

(AK%	 an ordination axis. This reduces the ecological significance

of the ordination procedure here. It also accounts for the

greater success on the earlier mid-elevation ,forest

ordination.

The arrangement of all stands by significant similarities

was a means of helping to create categories based on

vegetational - milarity. Sta:Lds close to each other in the

ordination and s-eparatcd	 groupc of stz,.n,1

represent naturally occurring species combinations. Stands

..Petl .:een groupings represent internediates, althou, ,,h inexactly.

Some groups represent types which had been recognized in the

field. Other groups p-zevided evidence for natural

combinations that vere not so evident and thus helped in

defining the described vegetation units. Although the
ta.,;



indirect'ordination failed to adequately differentiate all

units, it did help to distinguish trends and reoccurring

species combinations not readily apparent.

P
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RUSSIAN PEAK 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 prostfatus on xeric slopes and ridges.

Abies concolor/Berberis nervosa.- 	 ite fir dominates a

typical assemblage of mid-elevation sunifers 	 including

Douglas-fir, incense-cedar, sugar pina and ponderosa 'pLne.

Together 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 canopy enabling them to

maintain populations, although a more important role for

white fir with increasing maturity is suggested. Cornus

nuttallii, Quercus chrysolchis, Q.	 Acer.----

macro phyllum, and Taxus brevifolia are common understory

-associates. A moderately developed shrub layer is dominated
by Bcrberis nervosa, Rubus ursinus,	 R. parviflorus, Salix 

•



Cornu 	 Rosa g,v7nocarna, S,rmnhcricarpos

hesperius, and Paxiste= rvr,1 4 ,; s. The moderately developod

ground layer characteristically includes Arnica cordifolia,

Apocynum . pumila, Campanula prenanthoides, Disporum hookeri,

Goodvera Obion lfo1 ia, Chimaphila-umbellata, Hieracium 

albiflorum, Pteridium aquilinum, Linnaea borealis, Adenocaulon

bicolor, Pyrola pitta, 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 ponderosa pine. White

fir and Douglas-fir are common secondary dominants along with

sugar pine and incense-cedar. A secondary layer of Quercus 

chrysolepis, Q. kelloggii, and Chrysolepis chrysophylla is

common, especially along ridges. The reproductive layer is

generally dominated by Douglas-fir andlwhite fir, but

ponderosa pine, incense-cedar, and sugar-pine are reproducing

well. The understory is mainly sclerophyllous shrubs,

Cenothus prostratus, Chrvsol enis sem p orvirenF and QUOTCUS•

v ccinifoli.a often forming dense patches under canopy

oponings along with Rosa g=ecarpa and Symphoricarnos

hes-_)erius. Herbs are uncommon except for the ulAquitous

Chimauhila urJhellata, P y rola uicta, and Pteridiu71 2QUthflt.I.M.

This forest is generally found below 1,930m on dry, middle

9)to upper slopes and ridges (



Shasta Fir :ene 

Four types are reco;:nized between 1,650 .-/nd 1,950m,

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 nite

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

Linnaca borealis and the streamside Abies magnifica/

Leucotho&T davisiae, are common on the well-developed soils.

The open forests form a heterogenous grouping of communities.,

described as Abies magnifica/Quercus vacciniFelia. They are

found on talus and moraines characterized by spotty soil

development among large rocks. The south-facing colluvium

is covered by montane chap grri 	 0,:lerrus vriccinifolia-

Arctostaphylos c,atula.

Abies magnifica/LeucothoE davisiae. - Engelmann spruce, .along
1

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 subalpine fir are found at higher elevations, as are sugar

pine and ponderosa pine at lower elevation. The reproductive

layer is dominated by Engolmann spruce along with abundant

pine, mountain hemlock, iAlite fir, and Shasta f i r-.	 All

canopy species except ponderosa pine were found reproducing.

The rich shrub layer is dominated in ; ...lany areas by Leuc:-)tho,

davisiae 	 lacustre, Alnus tonuilolizl, Scrims

californica, and Salix scouleriana border the streams._ _
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Taxus brevifolia covers- many alluvial flats. Other common

shrubs are a r)sa T-mnocara,	 hesnerlus,

Vaccinium arbuscula, and Ledum gladulosum. The ground layer
is varied. Common species are Anemone deltoidea, Adenocaulon 

bicolor, Clintonia uniflora, Disnorum hookeri, Streptopus 
amplexifolius, Viola glabella, Senecio triangularis, Smilacina 

stellata, Trillium ovatum, Listera convallarioides, Pvrola 

pitta, Goodyera oblengifolia, and Pteridium aquilinum. This

forest is restricted to wet streamside terraces, meadow

margins and seeps below 2,10 .0m (Pig. 9).

Abies magnifica/Linnaea borealis.- An open to moderately

dense forest is surprisin g ly characteri ed 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 enriched by as many as 7

high elevation i species. The dominant	 are Douglas-fir, white

fir, and Shasta fir. White fir characteristically shows the

highest canopy cover. The 9 other species in order of

• prominence are 'white pine, weeping spruce, mountain hemlock,

sugar pine, poncleTosa pine, incense-cedar, Engelmann spruce,

lodgepol e pine, and occasionally subal-oino fir. The

spe.cios graclually.deciine 	 in iportallco

elevation. All species reproduce in this type, al though

reproduction is mostly Shasta fir, white.ter, Douglas-fir,

weeping spruce, and liloi)ntain hemlock. 	 A characteristically

well-developed shrub layer is dominated by Chryselopis 



semoervirens, Quercus	 RosagYmnocarna,

Symphoricar p o s hesb e riu s ,	 2us barifloru R , R i be s lobbii,

Acer c,, labrum, and Amelanchier pallida. The ground layer is

well developed, with Linnaea borealis, Adenocaulon bicolor,

Clintcnia uniflora, Anemone delteidea, Goodyera oblonifolia,

Arnica spp., Callum triflorum, Pteridium aquilinum,	 Chimanhila 

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).

Ahies magnifica/Quorcus vaccinifolia.- These open forests are

dominated by mountain hemlock and Shasta fir. White fir,

weeping spruce, white pine, 	 and ledgepole pine are common at

the lower elevations.	 At higher elevations whitebarK pine

associates in open forests lacking white fir and lodgepole

pine. Reproduction indicates continw.nce of the present

canopy assemblages- in most areas. In canopy openings ,and

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

Amelanchier pallida, Chrysolepis sempervirens, Ceanothus 

velutinus, Prunes er!arc, inato	 Rosa ,-,-,--ocarna	 Herb

composition varies with micrehabitat influences. The common

high elev a tion species	 of dry areas	 are Pensteon newberryi,

11 10 0v dirfusa, ond Pol y fnu	 davisiae, along with such

t ypical montane fore s t herbs as - Ghima.ehila	 Pyrnla Dicta,

Goody era	 Anocvnum puila, Relloc,,7 a 0-,lio1d-s

and :ionardella odoratissima.	 This forest is of general

extent on moist moraines and talus above 1',S60m, but similar
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forests occur on cool, u p per slo p es aPproaching 2,440m on

soils too thin to support closed stands (Fig. 9).

Quercus vaccinifolia-Arctostanhylos p atula.-	 Patches of

generally dense sclerophyllous shrubsabout lm tall cover

the dry slopes. White pine, Shasta fir, and white fir are

scattered among 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, Ceano thus velutinus,

Holodiscus microphyllus . , Prunus emarT,inata and Quercus 

vaccinifolia dominate the chaparral in varying degrees.

(1nrrvn fremontii.	 glahrUM,

Chrysolepis sempervirens are important secondary species and

may be locally abundant. Common herbs found scattered among

the shrubs are Senccio integerrimus, :lonardella odoratissima,

Phlox diffusa, CastiUeja appelatei, Penstemon newbelryi,

P. proccrus  , Erio g onum umbellatum, and Smilacina racemosa var.

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

covers dry slopes with thin, rocky soils above. 1,830m	 0).

hountain Hemlock Zone

Four forests with important tree components arc

recognized between 1,950 and 2,200m. The distinction betcen

open and closed ;ore; is used in the Shasta Fir Zone is

convenient here a;', well. The two closed forest types are

vegetationally simple and very closely related. Described
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as a "eoMplex" to emphasize their similarities, they may be

divided by canopy dominance of mature stands into Abi:Iss

magnifica/Pyrola Dicta and Tsuga mertensiana/Pyrola pieta.

Streamside, meadow, lake margins, and seepage areas are

characterized by Tsuga mertensiana/Phyllodoce emDetriformis.

On glacially polished rock, soil develops in areas of particle

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 habitats. They form extensive dense forests

bordering wet meadows and stream:), The type also occurs in

local seeps and along streamlets where subalpine fir forms

krummholz to 2m on otherwise dry slopes. In both phases

subalpine fir shares dominance with mountain hemlock and

lodgepole pine. Other common associates are white pine and

Shasta fir. Occasional weeping spruc	 ,-Engelmann spruce,

and white fir occur around wet meadows. Reproduction is

heavy for mountain hem;locl: and subalpine fir with the others

• reproducing less abilndantly. All. trees are actively invading

many wet meadows.	 PhviIodoce c:-mpetriformis, Vaccinum

scoparum, V. arl)useula, Louj:cril 	 LpuccthoF

davi.siao, and 11i1;es lacc:tz-c	 the	 layeT.	 Lcdur. 

olandtilou and	 polifolia	 colilon at	 lake margins.

The ground layer is composed of wet meadow herbs, Senecio 
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triangularis, Veratrum ca1ifornicum, Doiecatheon ieffrevi,

and Caret spp. mingling with such forest associates as Pyrola

picta and Chimaphila umbellata, under the trees. Sedum 

obtusatum, Phlox diffusa, and Cryptogram ma acrostichoides 

grow in 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 mertcnsiana-Abies magnifica/Pyrola picta complex.- The

deeper high elevation soils support moderate to dense forests.

Canopy dominance is typically shared by mountain hemlock and

Shasta fir. White pine is a constant companion of minor

importance. On the drier habitats, Shasta fir increases in

dominance and may be the only tree in the stand (Abies 

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

to southwest-facing slopes and ridges• with dee p soil. On the

cooler aspects Tiountain hemlock may doMinate or he fond.

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

mountain hemlock forests are typical of upper slopes with

east to northeast aspect. :liddle'and lower slopes usually

maintain both, so the two typos are conveniently segregated

depending on canopy dominance. Occasionally_ other trees such

is whitebark pinc, sub alpine fir, lodepolo pule and weeping

spruce are found. These forests usually tend towards the

more open Abios manifica/Quercus vaccirjfolia. Shrub and

herb covt:. ra .„;c is extreme]y light, and in many cases non-

existent. Shrubs such as Ribes viscosissimum are scattered
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and restricted to canopy opcnin7s. Depauperate individuals

of Arctostaphy los natula, A. n ovas ensis, Chrysolepis 

scmpervirerls, Holodiscus microphyllus, or Quercus vacci.nifolia

may be found. Wet areas support small stands of Vaccinium 

scoparium or Leucothoe: davisiac. The ground layer is equally

depauperate in both types. Pyrola pitta is the most

consistently associated, but only in small quantities. .A

few individuals of Pyrola secunda, Penstemon newherryi,

Chimailiila umbellata and Po yc,, onum davisiae may be found.

These types occur above 1,950,:, on all but the driest ridges

and summits, if the soil is developed well enough to support

a closed forest (Fig. 9).

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

Shasta:fir and lodgepole pine are scattered along drainage

courses and in small areas of soil 	 ac:umulation on polished

bedrocl slopes. Individual trees,	 especially of lodgepole

pine, support themselves in small fissures. A discontinuolls,

low shrub layer is - scattered among the patches of herbs and

hare rock. The chaparral component is 	 dominated by

Arctostphylos p atula, A. neVdensi.;,	 Nolodiscus microphyllus,

and Ameianchier paIlida. Typical dry habitat herbs arc

Achi l loa lnulnsa, A ,-enaria	 Se'du:.1 otuspee-,

Chiellanthos c7racillima	 Juncus p arryi	 Phlox. diffusa,

CalYntridiu umbellatum, Lowisia	 cot y ledon, and Pens tenon,,__________ 	 	  .

nowberrei. This open forest is best represented on south-

facing slopes between 2 ,070 and 2,290m	 (Fin. 9).
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Whit:bark Pine :one

The environment above 2,20'0m is restricted to ridges and

summits where the Pinus albicaulis/Holodiscus microphyllus 

open forest type is recognized. The foxtail pine stand found

	

above	 Little Duck Lake is included.

	

Pin as	 albicaulis/Holodiscus microphyllus.- Ridge crests,

summits and upper southwesterly slopes support a dwarfed,

open woodland where trees exceed 6m only 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 in some

stands. Stand reproduction suggests a continuation of this

pattern. Shrubs, typically wind trained and pruned at less

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

microphyllus,  aplopappUs frecnei, along with Arctostaphylos 

patula, Ccanothus velutinus, and Prunus,  emarginata are-  common.

Juniperis comiaunis shows local dominance. One shrubby

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

are scattered. Arenaria conc!esta, Achil]ea lanulosa, Phlox

diffasa, Penstcon newberrvi. Draba howellii, and Polenonium 

puloherrimum are scattered among the rocks above ,Z2cm

.	 9).



KLAHATH REGION FOREST TYPES

A reconnaissance 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 made 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 releves from 14 areas. The data arc summarized as

presence tables which also include average cover/abundance

for trees and shrubs, and for herbs attaining greater than

10 percent presence.

Sixteen veetation types dominated by trees are

primarily segreated by elevation and secondarily by soil

moisture availability. The degree or canopy closure is

another significant variable. ElevatiOn zones are nareC..

according to the dominant climax tree of the mesic habitat

(Table 3). Species used to characterize types are not

necessarily restricted to a type or zone.

Montane zones show regional differences recognized by

1 .;riiing (1969). These differences become less at higher

elevations as reflected in the toile r:ring classification:

WHITE FIR ZONE

Types characteristic of the western subregion:

Abies concoler/Trillium ovatum - closed forests of
streamslue terraces, moist slopes, seeps.



Abies concolor/Vicia americana - closed forests
or mesic slopes.

Abies concolor/Chimapnila umbellata - closed
forests of xeric slopes.

Types characteristic of the eastern subregion:

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

Abies concolor/Ceanethus prostratus - open- forests
of xeric slopes.

SHASTA FIR ZONE

Abies magnifica/LeucothoL: davisiae -	 closed forests
along streamside te ,-races, wet meadows.

Abies magnifica/Linnaea borealis - closed forests
of mesic slopes.

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

magn 447i (-2/Qi l er r ti c 	- ope n fnvects
of mesic slopes.

Quercus vaccinifolia-Arctostaphylos patula -
montane chaparral of xeric slr,pes.

MOUNTAIN HE ,ILOCK ZONE

Tsuga mertensianc/Phyllcdocc emetriforMis - open
to closeu forests along streams, wet meadow, lake
margins.

Tsuga mertensiana/Quercus vaccinifolia - open
forests	 mesic slopes.

•
Tsu...Ta	 viola picLa - closed forests of
mesi.c

Abies nac:nific p./Pyro. l.a. pictc - cloSed forest' : of_ _
xeric slopes.

Tines menticolu/Holodiscos m	 liicre:)hvus - open
Co, rest,f, oi	 xer i c	 slc)es.

WillTUAP.K PL•E ZONE

P.inus	 micrephyljus - open

forests of	 Slepcs, ridges.
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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,

dominated by Douglas-fir and white fir, occupy streamside,

mesic and xeric slopes respectively. In the eastern

subregion ponderosa pine and sugar pine play more important

roles, thereby producing mixed forests. The mesic and xeric

types described for the Russian Peak area are characteristic.

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

dominate these tall, dense forests typical of draws,

streamside	 terraces, seeps and lower slopes with deep soils.

Forests approcshing this type may also occur on some upper

slopes. The dominance of Douglas-fir and white fir in the

canopy and white fir in the' understory,is typical. Doulas-

fir consistently reproduces in smaller numbers as well.

Sugar pine and incense-cedar are common secondary conifers.

Chrvsnlepis cilryso p llsl]a and T:, YtIS brevifolia are common

understory trees above well-developed shrub and ground

layers. The shrub layer is diverse	 including UD to 15

•

species	 f-ol6men	 regional shrubs —in a Si.ngic stand (Table d)

Corvlus cornuta,Holodiscus	 discolor, Rosa gyr_nbcrp,

Svmphoricarpos Spp., airbus parvillorus, Patema ryrsinit,

Cornu:;	 Berris nel.vc_na 	 and Qurcus

are col:tmon. The ground layer is rich in species covering
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most of the soil. Sore typical herbs are Trillium ovatum,

A11012.0r;:,' doltoldea, Adenocaui r, n bicolor, 	 caudotum,

Linnaca borealis, Smilacina stellata, Clintonia unifiora,

FraT, aria,californica, 0Smorhiza chilense, Trientalis 

latifolia, Achlys trinhvlla, Viola (-labella, Corallorhiza 

maculata,	 triflorum, Whiplea modesta, 	 Chimaphila 

umboliata, Pyrola picta, Disborum hookeri, Heiracium 

albiflorum, Penstemon ancuinus, and Vancouveria hexandra.

This forest type	 coiamoniy grades into the Abies concolor/

Viola americana of mid-slopes, but can be differentiated

from it by the extensively developed shrub layer here. At

higher elevations it grades into Abies macnifica/Leucotho 

   

davisiac and Abies moznifica/Linnaca borealis.

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

dominate these dense forests	 on mesic slopes. These forests

also characteristically inc l ude occasional sugar pineHand

incense cedar, but ponderosa pine is rare. The reproduction

is dominated by white fir, although all species reproduce.

Chrysolepis chrysophylJa and QUercw; chrysij arc common

undorstory trees. The shrub	 1,ver is	 •diverse, but of low

coverue. Common shrubs include Plbu'; narviflorus, Cornus 

Berbc]-is	 P.osa	 S - )hori ca rnos

s') • 	ziinl Corvius Lor:luto L L,ule	 Tb 	 :7;round layorI 

diverse and typica]ly well-developed.	 Col!lmon associates.

includo	 I !oinus

adsur(Jens, Adenocaulon bicolor, Callum 	 trifiorum HeiraciumC



albiflorum, Vicia americans, DisT)orum hookers, Corallorhi:a 

maculate?, Pteridium agulinum, Chimonhila umbellata, Pyrola 
spp., and Campanula prenanthoides. 	 This type is intermediate

in charatter between the more moist Abies concolor/Trillium 

ovatum and the x ric 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

fOrests, including Douglas-fir, sugar pine, ponderosa pine,

and incense-cedar as less important	 associates, grow on drier

slopes and ridges with deep soils. 	 The open character of the

mature forests allows reproduction of all five conifers.

Quercus chryscis is a component at lower elevations. A

distinctive character of the type is the depauperate shrub

and ground layer (Table 4). Low cox erage of a few shrubs as

Corylus cornuta, Rosa gymnocarDa, and Symphoricarpos _leporius

and herbs as Coodyera • oblongifolia,	 CoralIorhiza maculata,

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

relatively common suedes show low presence. It is

distinguished from Abies concolor/C=ethus prostratus by

the low coverage of sclerophylious shrubs. Immature forests

are typicilly dcn e stands of 	 fir I soh eliminat€. early-

scral species. The more open character of the Allies co-iicolor/

Coanothus prostrtus sore allows maintennco of the chaparral.

Intermediate stands between these two types are also

regionally common. This forest type also grades not only



into Abies concoior/Vicia aericana, but also the equivalent

Abies ra r2nifica/Chi:mphin Lihellata of the Shasta Fir Zone.

Abies concolor/Berberis nervosa.- The forest description for

the Russian Peak area is typical of mesic habitats in the

eastern Klamath region. The mixture of canopy species rather

than white fir and Douglas-fir dominance, a mingling of.

•mesophytic and xerophytic shrubs and a less developed ground

layer distinguish itfrom Ahies concoler/Trillium ovatum and

Abies concolor/Vicia americans forests found on comparable

habitats in the western subregion. On the drier slopes it

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

Abies concolor/Ceanonus prostratus. - Described for the

Russian'	 ak a:ea this forest is typical of the eastern

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

shrub layer may include Lithocarpus densiflora var. echinoides

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, mixed character

of the Mature forest allows	 the light demanding s p ecies	 to

continue to ruproduc-o	 Tilt' Mel: of a dense shade.

found in _ti ca cor,c.cler/Chiwa-)Hil', 	acreunts for the

Understoy differences bet: eon these types with mature	 forests

of similar canopy	 composition. In addition these forests do

not show	 ncarly	 ,,Ty-te vAit? fir J oninaT:ce or
relatively more mcsic rib Los 	 collcolor/ChiL!aohila 	
(Table 4).
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Shasta Fir :one

•
Subreional, differences described	 in the nite Fir :one

are not	 as evident at these elevations. Consistent differences

do occur, but not to a degree warranting typal distinction.

In contrast to	 Russian Peak stands, regional forests typically

show white fir and Shasta 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 fountains (: .lunz 1959).

Noble fir is included in the Shas,ta fir data. Field

determination is difficult without the rarely available mature

cones.	 Taxonomic differentiation, especially in the Klamath

Dorrinn	 i s in d i LputP (Fr pnk l in and D ryness 1977, Critchfield

and Griffin 1972). Alaska-yellow-cedar was also sampled in

this zone in the central Siskiyou :4ounta:.ns.

Russian Peak types generally apply to the regional Shasta

fir forests, but with a more narrow definition of Abits.

TL1,pifica/Quorcus vaccinifolia. In addition a closed forest

type of xeric slopes with deep soils, rabies magnifica/

Chimanhila umbellata, is also described.

Abies ma ,:nifica/LeJcotho cavisinL'.- "'crests along strea,:is

and around	 TLeade,;:s and seeps maintain tho herb and shrub

composition (Table 5) descr i bed in the Russian' Peak area, but

generally lack	 the diverse complement of conifers. Instead

- . the corlon .ore: ts have tne canopy and reproductive layers

doF,linated by Shasta fir and white fir.	 ',Mite pine, mountain,



hemlock, and 1 dgepole 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/Linnaoa borealis forests within the zone. At

higher elevations it is associated with Tsuga mertensiana/

Phyl] odoce empetrifomis where it may be found on mesic slopes.

At lower eleVations it is restricted to streamside locations

where it is associated to some extent with Abies concolor/

lierbeTis nervosa, but more commonly it grades into Abies 

concolor/Trillium ovatum.

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

dominate these 4-Thrests rich in herbs and shrubs on moist,

lower slopes. Douglas-fir, sugar pine, incense-cedar and

white p i ne are also regionally common. The relative open,

conifer rich stands described for the Russian Peak area are

rarely encountered. Examples in the eastern Trinity Alps,

eastern Marble Mountains and central Siskiyou Mountains have

been sampled. They are found on rocky, though moist moraines

•rather than on the uniformly deep, moist soils which are

regionally typical. Ouercus:leriana is a	 i dominant

in the western subre

 

CzLf,ise the herb and shrub l ave

(Table; 5) ar ,- - copa-!-a	 to those -described for theRusSan--

.	 •	 .Pek stands.	 inis type grades. into

davisiae or the .open forests of the Shasta Fir Zone as well as
---------

Ts"	 17‹'11.,::11::;!r“1/01-1! 	 flif.TOTta



Abies manifica/Chimaahila umbellata.-- On drier middle to

upper slopes and ridges with deep,soils 	 dense white fir,

Shasta 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 is also'

dominated by white fir and Shasta fir.	 Shrub and ground

layers exhibit lower coverage and less variety than do the

• more mesic forests (Table 5). Common shrubs include Rubus 

parviflorus, Onerous sadleriana, and Rosa Fymnocarpa. The

ground layer is distinctive LI its poor development rather

than composition. Pyrola spp., Pteridium aquilinum, and

Chimaphila spp. are most common. The forest is ecologically

enuivalent to the lower Abies concolor/Ehimaphila umbellata,

but distinguishd by the major role played by Shasta fir.

White fir domjuated forests are found in the Shasta Fir Zone,

but trends indicate them to be seral 	 Shasta fir is heavily

represented in the. understory. At higher elevations- white

fir is rare in the Abies ma ,g,nifica/Pyrola pieta which is found

in comparable habitats. The mid-seral phase of dense white

fir canopy may account for the lack of early seral shrubs

contin	 into the more coon maturc. forests. Within the zone

this type also grn_dos into the mesic forests with white fir

and Siva to	 fir canopy dominance.

Abic s maPn i fica/O uercus vaccinifolin.- The open forest as

described in the ::ussian P 	 area is typical of moraines and

talus throughout the region.	 The Russian Peak analyses	 /00-,



suggested that this type occurred riot only in the Shasta Fir

Zone, but also in the higher ::!ountain Hemlock Zone. Regional

sampling shows significant clevational 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. Shrubs cover the open, rocky

slopes. Arctosta phylos patulJ, A. nevadensis, Quercus

vaccinifolia, are dominant along with Rosa gymnocarna and

Accr glabrum. Other sclerophylls as Amclanchicr pallida,

Ceanothus velutinus. and Holodiscus micr.Thyllus play a less

dominant role than in the drier Quercus vaccinifolia/

Arctostdphylos patula. Herbs associated with the mesic

forests, as Pteridium aouilinum, Pyro'a picta, and Chimaphila

spp. , arc common. Additionally Apocynum pumila, Kellog7ia

galioides, and :•lonardella odoratissima are most abundant,

but others as Senecio integerrimus, Castilleia appelgatei,

and Pcnsteon newberryii are less abundant than in the drier

habitats. It gradually changes with elevation into Tsua

mertcnsiana/Quercus vaccinifolla, and on the drier habitats
.	 •	 •	 . 	 . 	 ' 	 •	 •	 •	 -..

. 	 •	 .	 •	 _

	

or the Shasta	 l2 Zonc	 In Lo Quercus vacainifolia/,Arete,,4,7Avic,'

vacciHfclia-A:ctot: The montane

   

chaparral described in the Russian Peal: area is well
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represented	 in the region (Table 5). 	 Oucrcus sadleriana plays

a major role in the western subregion,	 and Querc • Is garrvana

var. breweriana may be locally abundant as well. Montane

chaparral is less restricted elevationally than others in the

Shasta Fir Zone and is developed to a lesser extent in the

ish ite Fir and Mountain Hemlock Zones. 	 It grades into Pinus 

monticola/Holodiscus microT)hyllus at higher elevations,. into

Abies magnifica/Quercus vaccinifolia within the zone, and

into Abies concolor/Ceanothus -orostratus at lower elevations

where chaparral of similar co.lposition 	 is also seral.

fountain Hemlock Zone

The genera. lack of midelevation conifers, except

occasionally in open forests, charactees these mountain

hemlock -dominated high elevation ferest. The Russian Peak

descriptions apply regionally. 	 In ad ri.ition to thee) Tsuga 

mertensiana/Quercus vaccinifolia is described creating three

closed and two open forest types for this zone. Stands of

silver fir are found in Tsuga mertensiana/Pyrola pieta and

Tsuga mertcnsiana/OueTcus vaccinifolia 	 forests in the English

Peak area of the Th,rble Mountains (Table 6).

-	 -•	 _

	

.	 .
1.1ertna/Ph,iloj,oce (::"I.C.IFiC,f71.1.4.- For 4,--	 •

along stream ,-,, lake margins_ and in local seeps are regi)nally

dominated by mountain hemlock, Shasta fir, and white pine.

Sub.. .l 	 fir i11:1 ib elmann spruce are restricte'.1 to the

Russian Peak area. The undcrstory of the Russian Peak



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

ma q nifiea/Leucotho  davisiae at lower elevations, but more

commonly into Tsuga mertensiana/Quarcas vaccinifolia 

surrounding it in many areas. The seep phase is generally

higher in elevation forming a mosaic with Pinus monticola/

Holodiscus microphyllus.

Tsuga mertensiana/Pyrola pitta and Abies magnifica/Pyrola 

pieta.- These forests as described for the-Russian Peak area

are regionally uniform in their simplicity and pattern.

Species dominance is consistently correlated with habitat

differences, 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

replace Shast_• fir in the Siskiyou Mountains and silver fir

grows mixod with mountain hemlock on north-facing slopes in

the English Peak area. These types merge intoTsOga

mertensiana/Quercus vaccinifolia and Pinus albicauliS/

Holodiscus microphyllus.

Tsua mertensiana/Quorcus vaCcinifolia.- Such open foreSts

grow en mofaincs, talus and cool upper slopes with soils too

th]n to support closed stands. 	 lihite pine , Shasta fir and

mountain hemiock tend to domina .te'such habitats: .v:eeping

spruce is most commonly found in this type. Lodgepole pine

and to a lesser extent silver fir and white fir arc also

associates. These trees are scattered around the boulders



and shrubs.	 A well developed shrub layer (Table 6) includes

Vaccini= arbuscula in seepage areas. Ouercus vaccinifolia,

Arctostaphylcs nevadensis, A. patula, Holodiscus microbhyllus,

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, :slonardella 

odoratissima, Sedum obtusatum, Senecio integerrimus, and Phlox 

diffusa, in the same stand. This microhabitat variabilitY is

more characteristic of this t Ype than of Abies magnifica/

Quercus vaccinifolia which lacks the moist microhabitat

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

high elevation extension of the onen nhases of Abies magnifica/

Linnaca borealis and Abies ma ,nifica/Leucotho6 da■-i s iac as it

is the	 ?'..c es magnifica/Quercus vaccinifolia. Additionally

it grades into the closed mountain hemlock, Shasta fir forests

as well as Pinus monticola/Holodiscus microphyllus.

Pinus monticola/Holodiscus microphyllus.- The Russian Peak

description is typical of these woodlands most commonly found

in the TrinityAlps. White pine 	 and lodgepole pine deminace

Lhem,	 but Jeffrey pine p ay be locally abundant. Vaccinium
_,-

aibusr,:ula	 is fooild	 in loeali-zed seol;age areas which are
•	 .••	 ••	 . 	 •	 .	 _	 .

Sufficiently developed for	 ,mertesiana/Phyllodoce

empetriformis (Table 6). 	 It grades into qUOYCOS

ArcLo!-tan\les be.ti:, " at	 clevat1c.ns,• but: ail- Curs in t:

Arctostanhylos nevadensis'aad Holodiscus micro , i 11-11 • u- dominatet 



and Quertus vaccinifolia is only a minor component.	 It also

merges into Tsu . ;a ms‘rtensianaifluer rns vaccinifolia or into

meadow communities within the zone, or Pinus albicaulis 

Holodisc • s micronhyllus on the higher ridges and suMmits.

Whitebark Pine Zone 

A single woodland type is recognized at the highes.t

elevations. Other habitats are occupied by a series of

meadow communities. The Russian Peak description is typical

of these woodlands best represented in the Trinity Alps.

Pinus albicaulis/Holodiscus microphyllus.- Shasta fir and

mountain hemlock are the common associates with whitebark

pine. Foxtail pine is not restricted to this type, to the

elevation zone, or even to granitic parent materials. Instead

foxtail pine woodlands are better developed on ultrabasics.

Shrub and herb composition is similar to Pinus monticola/

Holodiscus microphyllus, although Ceanothus velutinus,

Chrysolepis semnervirens, and Haplopappus 	 greenei are more

common (Table 6). Corcoc	 is restricted to

thcsc	 ri(les and	 at lest on u.anitics.

Polsme:-± i 1L 	 and Draba bo cil ii are also restricted

-	 _
to these woodlands.	 lielov , 2,22.5m this wood l and mof: t com.monlv

grades into Finns menticela/Holediscus microph y llus and the

closed mountain hemlock-Shasta fir forests of the Mountain

Hemlock Zone.



DISCUSSION

•The regional forest patterns on granitic parent materials

are reasonably predictable in spite of the complex mosaic

throughout the Region. If only the mature forests on deep

soils are considered, the pattern is readily apparent: a
series of elevationall\ zoned forests dominated by one to

several tree 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 areas (Daubenraire

and Daubenmire ?_968, Franklin and Dryness 1973). 	but is less

obvious because of the lack of habitat continuity. In

additio7 to the strong climatic, topographic, and lithic

diversi ty, a variable fire history creates a variety of
confusing seral stages. For this reason the understory

composition is more indicative of habitat conditions and

more regionally consistent than is canopy composition.

Regional patterns show decreasing geographic

differentia-:_ion with increasin elevation. Subregi.onal

differences are greatest at the low elevations. In the

v.estecn subl . egion lot' -e1 ,-2vatlon Douglas-fir,tan	 oak forosts

give way to white fir,Doug1as- it forests then	 to Shasta
fir,white fir forests and to mountain hemlock,Shasta fir

forests wit:; increas ; ng clevatIen.	 In tin' :astern subreoion

the pattern is similar, but with ponderosa pine-dominated



forests at low elevations. The subregional differences are

not as extreme 1,-thin the ;;hite Fir one 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 rabies concolor/

Ceanothus prostratus forests can be found in the Siskiyou

Mountains. Subregional differences in the Shasta Fir ibne are

not •great enough for recognition of types, although some

consistent variation has been described. The forests of the

Mountain Hemlock and Whiteban: Pine zones are regionany

uniform in their simplicity in spite of being highly

discontinuous.

Elevational zonation is more apparent in mature, closed

forests than in comparable open forests , where individual

speties show greater environmental ranges, e.g. white fir and

Douglas-fir growing on a ridge at 2,15m with (oxtail pine and

whitebark pine.. The greater restriction in the closed -7orests

can be considered a -function not only of differences in

individual tolerances, but to a greater degree, of differential

competitive advantages. In this way the number of occupiable

habitats for each Spec ie is reduced, and zonation results, 1.s

expected from ecoloicL1 theory (Odum 1971).
•	 •	 s

The lessened do?ree of com p etitiv-e interaction among

individuals of the opon forests 1-day also account for some of

the greater stand-to-stand variability observed for those

types.	 It follOws that areas with open forests would be

expected to have greater floristic variety than comparable
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ones with only closed forests, and that a mosaic of both

kinds within a single area or :one would be expected to have

the greatest.

Additionally, some forests grow on more physically

variable habitats. The xeric/hydric mosaic of microhabitats

described for Tsuza mertensiana/Quercus vaccinifolia are

illustrative. Thus within-habitat complexity also leadS to

floristic diversity.

Competitive restriction of regionally common species

growing on mesic habitats is modified not only by the presence

of less competitive, open habitats, but also by disturbance.

The maintenance of sera' stands allows species to grow in'

additional areas not available to them v:llen the site is

occupied by climax forests. For example, lodgepole pine grows

not only in the open forests at higher elevation but also

seral communities on mesic habitats,-here it will potentially

be replaced by Shasta fir and mcuntainhemlock. Fire T'ays a

significant role in maintaining midseral stages, especially

in the White Fir and Shasta Fir zones, but possibly not to

the extent sucy.:ested for the Sierra Nevada (Kilgore and Brigg,s

1972). Some disturbance, then, will maintain floristic

diversity_ on uniform habitats. Other factors such as seed

source and djs ,)crsal abilities will	 deter;arrle forest

composition under such conditions and create co:lipositiodal

variability in suite of habitat uniformity.

One a loner Li:le scale Liisturbz-ince 	 such as Oaciatien

will create new and different habitats, such as moraines,



cirque basins, talus, and filling lakes at the higher

elevations, all of which will be Jess	 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 widespread.

In addition, this disturbance would lead to localized and -

differential extinctions	 in various parts of the Region-

depending on local topography and pregl,acial floristic

patterns. The result would be to further complicate patterns

by individualizing species distributions. Warm, dry periods

would have the same effects, especially for midelevation

floras. The chance of total extinction in the Klamath Region

would be low, since this topographically diverse area would

have a ma.kimudi nu,aber of suitable habitats that could act as

refuges , and subsequent centers of dispersal when environmental

conditions change. Regional habitat r".iversity could also

allow successful introductions from adjacent regions,,further

enriching the flora. The presence of xerophytic shrubs of

the California chaparral and woodlands can be accounted for

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

ledifelius-Unlenrus	 tridentata) is also

present in the eastern subregion.

	

.	 .
By contrast, areas of extensive and sevcrc disturbance

would be expected to	 a s7. z7,pIification of ,floristic

patterns. Extensive glaciation would result in a less diverse

flora to vegetate the ne ,•ly create: laljtats.	 Fire, if it

were extensive and .frequent, would simplify in a similar manner.



In areas where knebcone pine	 forests are extensive other

forests	 tend	 to be si7ipler l ackin g such	 trees as the

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 forests. During the Tertiary a

change from summer-wet to summer-dry climates occurred,

floristic segregation followed with increasing habitat

differentiation. Summer-dry climates accentuate habitat

differences	 in moisture availability and resulting' effective

growing seasons. Additionally regional upwarp produced

increased	 floristic differentiation. Such a history allowed

not only for maximum retention of Arcto-Tertiary elements,

but for an assimilation of Madro-Tertiary elements as well.

Pleistocene glaciation and clim'tic cooling resulted in

localized extinctions and ran ge differentiation of individual

species.	 In some areas, such as the Central Trinity Alps, the

effects were severe and extensive. In response to warming

trends	 and deglaciation, comv,lunity associations were

rearrange dopening on	 local topography,	 climate, available

populations, - and the dispersal abilities	 of the individual
,	 •	 .•	 .. •	 •	 •	 .	 -	 • •-	 ,	 ••	 . 	. 	 •

snecic ,;,	 a	 process which continues today	 in response to

continuing environ:Aental change.

Fire has	 further modified this vegetational response by

eliminaLlhg	 species	 fno;i1 aieas 1.here they 	 could potentially

grow.	 A countereffect	 is that fire has also maintained



extensive, less competitive seral stands throughout the region

where some species could have potentially been eliminated.

Time for dispersal, competitive interactions, and habitat

development 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 comp osition, particularly trees. -These

open forests tend to grow on environmentally heterogeneous

habitats, where competitive interactions 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.

v;nen these environmental conditions are encountered,

forest composition is unpredictable. For example, Shasta

fir,white fir stands are typical of Alies mac,nifica/Linnaea 

borealis. At higher elevations mountain hemlock and Shasta

fir are common dominants of Tsuga mertensiana/Quercus 

vaccinifolia. But in certain areas - the eastern Trinity

AlpS, eastern Marbles, central Siskiyous, and especially the
Russian Peak area - floristiCally varied forests are found in

these and other types. That these specific areas show such
- •.	 • '	

_	 -	 _-

exceptional	 ricl!ness,	 a variety creaced	 by the accur:.!:lation

of populations of several relic species	 gro;:in

must he due	 to distinctive local history, since comparable

habitats are regjoh:!ily LI■ilL:bie.	 Such local history also

accounts for the •stands of silver fir in the southern Narbles

and Alaska yellow-cedar in the central



Pleistocene' distribution of these trees may have been

patchy throughout the Region. Pleistocene glaciers destroyed

most populations. In the Russian Peak area, however,

subalpine fir survived as krummholz on cliffs above ice

margins,	 subsequently repopulating hydric habitats created by

glacial retreat. Englemann spruce survived along streams

below the glaciers, and later repopulated streamside habitats.

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 should result in the competitive elimination of

shade-intolerant species like lodgepole pine, but'suitable

open habitats 	 are available on moraines and dry slopes. Thus

the higher than normal diversity is . r.aintained in the Russian

Peal: area, and. to a lesser extent in a few other locations

within the Region.

The general similarity of the Region to the southern

Appa l achian forests su', c7ots a similar history, 	 In the

Klamath Region variety in vegetation patterns and floristic

composition may be due not so much to the loam
-	 ,	 -	 -	 --

nnvirenT.:.ent;7,1	 stabi1:7.tv, but to the perturba t ions which have

kept the area in a continuing state of development. These.

ma i ntain	 habitat complexity and continued rearrangement

of floristic cle:aents throug time. 1h :over the perturbations
AN. are not regionally severe nor uniform, thus allowing local



maintenance of individual species in certain areas with

suitable habitats.	 Such areas, especially Rus--7i an Peak, Have

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 floristic composition or a competitive

elimination of species on extensive uniform habitats.

Relatively simple forests would result in either case. In

the Klamath Region more intermediate situations are typical,

and the result is a highly diverse vegetation mosaic.
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TABLE 1.' Climate records for selected stations in the

central Klamath Recion. Stations ordered from western,

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 Sunni. 1973. Climatological Data

77(13).

Elev. Nnrmal temp., °C. Annual

Station Ann. Jan. Jul. Precip.,

Klamath 8 11.2 7.1 13.9 2,684

Orleans 124 14.6 5.3 23.5 1,766

Happy Camp 350 13.4 3.2 23.6 1,692

Sawyers Bar 661 12.3 2.3; 23.1 1,38

Callahan 971 10.4 1.2 20.4 527

Yroha 800 11.7 0.8 23.3 452

Mt.	 Hebron R.S. 1,2 93 6.9 -3.3 17.7 331

mm



Table 2 • -Habitat moisture equivalency index used in the

direct ordination::. Soil moisture conditions are equivalent

if factors other than topographic position and aspect are
equal. A - indicates inclusion of intermediate aspects along
the following scale: NNE, NE, N, ENE, N 	 NW, ESE, WNW,

SE,	 W, SSE, WSW, S,	 SW, SSW.
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TABLE 3. Ecological roles pla y ed by middle and high

elevation trees in White Fir, Shacta Fir, :Thuntain Hemlock,

and Wiiitebarl: Pine zones. Equivalent scientific names for

conifers '(Fig. 1).	 Chinquapin (Chrysol -epis chrysophylla),

Canyon live oak (Quercus chrysolenis), Bigleaf maple (Ater

macrophyllum), California black oak (Quercus kelloggii).
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Table	 4.	 P resenC-	 (Frs	 5)	 and mtda'

with > 10; 	 presence
b
 and h- rts w 4 th

Zone	 types.

cover/abun I nc,2 	(C/A)a snrubs

>	 20;7;	 p re	 hisence in tha White Fi ,"

Forest types c WF/Trov WF/Viarn W7/Ptaq WF/Bene WF/Cepr

No.	 relevz-'2's 20 17 17 16 26

Species Prs•C/A P r s • C/A Prs'C/A Prs-C/12, Prs•C/A

Shrubs

Vacc i n i um membranaci= 15.3

Quercus s2d7erana 35-4

Arctostaphylos nevadensis 19.2

Rubus ursinus 20-2 6 . 2	 -

Berbers	 diotypt-- 15.2 6.2

Ribes	 lacustre. 15.3 13.3

Holodiscu:	 dscolorl 15.3 6.3

Cornu: stolonifera 15.3 16.2 6•2

Ribes lobbii 35.3 29.2 6.2

Rubus aLrviflorus 75•► 39.2 19.2

Ribes san2;uineum 10.2 12.3 25.3

Salix scoalr-;riara 10-2. 12.2 25	 3 11•3

„17 5.3 16.3 21-2 7.3

Cornus 30-3 24.3 62.2 1. 3

L;5.3 4).•3 13.2

,
C.(	 2

c-Vr1.11(op

65-4

95.3

r-)0.)i	 J

7(.3

33' 3

25.3

25-4

8I•3 27.2

43-3 24•2 C- J 23.2

Paxister:a mursinites Cr.') 12.2 6.36- 44-3 11.3
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1	 2includim, F. d. var franciscanus, C. c. var californica, 3 3 ". var-. s. var sessifolla in ,%.2,,,1. 	 5 L. b. ss-D
irk icriif1ora, 6 inclucing A. c. var 	 and A. 2. var	 7V. a.

var ore7on-,, 6 D. h. var trach	 dri, 6P . P . var 1anuinosui, 100. u.
•var occidentalls, 1 1 including P. a. forma achy ll,, and P. p. ssa

dantata with so.
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Lenicera conjuialis 15•2 ll• 3 10-2 17-2 7.3

viscc.7-747 15-2 4' 2 192 4'3 15-3

Chrvs,-)1e:3 22 . 3 253 102_._, 76-4 22-;

Ac e r	 ,c712trum3 7-4 33-3 10-3 17-3 7-2

Amelanchi-r 19-3 33-3 5-2 30-3 59.4

AnctostaPh y los nevaclenELs 4-3 17-2 14-3 69•4 44-4

ArctostaPhylcs	 oat!.J.la 4-5 4-2 74•3 100-5

Ceancthus•VPlutinus 4-2 4-3 5-3 25-4 70-4

Quercus vaccInifolia 4 . 2 25-3 '5-3 74-5 7o-5

mcropayllus 7-2 17-3 22-3 48-3

Prurus	 r=r-7,i.n.?tn 4-2 5-2 26-3 33-4

Garrya fremontii 9.3 37-3

Juniperus cc=unis4 19-3

i5-2

01„tercus	 garryPnas 22-4

Herbs

Listera cor.vallaioides 26.2

MitelTa p entandr ri 30-3

Streptcpus	 a:r.p1exifolius 6 22.3

Senecio triEn7u1ais 48.3

!la 7 26-3

C	 ) 	' • O. 42-3

55-3 29

Tri 1 48.2 2.9-2

Linnae 11-4 19-3

•C 	 11	 I ;	 a 22-2 17-3

Viola 33-3 12-2



1	 I 112

22-3

48•3

29-3

25-3

12-3

Osmorhiza chilensia

Smilactn	 ste11,t12

Osmorhiza occicintalis 21-2

Phac-l i a hastata .25-3

Viola a=rir'n13 21-3

Anemone deltoidea 43 . 3 53-3 10.3

Pyrola secund.c, 11-3 54-2 43-3

Arn i ca	 cordif'o1i.14 26-3 29-4 14-3

AdenecauTonb i co 1 0- 11-3 37-3 10-2

Goodyet rt1onTifo1ia 33 . 2 25-3 14-2

Galiva t-florum 15-3 46.3 10.2

Penstemon an7uinzus 17-3 24-2

Disoor1 honkr:115 21-3 14-3

Pteridium acuilinum16 52-4 54-3 33.3 2 2-3

Pyrola biota" 37-2 42-2 33-2 35-2

Chimaphila umbellatala 71 . 3 57-3 65-3

Ghimar)hila menziesii 22-3 37•2 52-2 35-2

H i eracium albiflorum ")0-2 33-3 29-3 17-2

11.3 26-3

21•3 19).2 0,'D 22.2-	 —

j 22-3

Mcnard:'1a odo.optisFim19 - -	 118- ' 37•3

S:	 • r' 17.3 26.3

Arcr, 13-4

17-3

26'3

:•) ‘1	 c.

35-3 63-3

17-3 4i.3
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Tab1e,5. Presence (Ps	 ani moda l cover/a1;unc.:ance (C/A) a for shruts
with > 10% presence ° and herbs with > 20% presence in the P.ontain
-Hemlock and	 v.ni ,...ebark Pine Zone	 types.

Forest types c

No.	 relev6s
Species

KH/Phem2:1-1-Inuva t.TH/Pypi P,', /Pypi WP/Homi W3/Homi
29	 18	 21	 18	 23	 21

Prs-C/A Prs . C/A Prs-C/A Pr's-C/A Prs.C/	 Prs-C/A

Shrubs
Cassicoe mertensiann 14.3

Lc-dum 17-3

Kalmia 24-3

S-t. mbucus n-lariocarpn 14-3 6-3

Alnus sinuatp
- -	 - - -

28-4 6•5

Phvllodoce empetriformis 58-4 6•3

Sbrbus californica 34-2 17.2

Salix	 co;.utata 24-3 17-3

Vaccinium membranacThm! 10-2 11-3

Ribes	 lacustre 31-3 17-4

Acer	 r--1abr).Y1 7-4 22-4

4 V, 4 /1-, 34-4

37 . 3
86 . 4

11.3

6-1

22-3

11.=;

5.3

4-3

7 7

in

- ,.	 •

R4cs

14-2

21-2

56-2!

33.3

C.2

6-3 '1/;-3 13•3
5.4

10•2
24-3 67-4 28-3 24-3 91-5 52-

,	 . 7 . 3 4 2 ; • 4 • 2 142 222 43-3

(F.\ Actol.!-).:-1-7y2,--L	 ,,-) a 	 I 1 1 , r) 7•2 33 17-2 1_9•2 74-3 62-4



QuercuS sadl 3.5 1	 -4 10-2 25-3

ad i 	 1 ' ' 10•2 52 61-3 86-3

P1.nii:3 7 . 4 22-3 5'2 26-3 19-3

Amelanch4-r 24-2 33.3 30•3 10-3

Lonicera 38 • 3 11-3 13-3 5-2

Junirerus communis4 10-3 13-3 14-3

Haplonabus 13-3 29.4

Cercocarpu:	 led1folius 14-4

herbs

Ligust io i'm g-avi 24-3

Senecio trianularis 8.3

Veratr= 583

Potent.I l la flabeiTifolia 28-3

Epilobi:um an7uriti.ro.l i um 24.3 22-3

Cystonteris frail i s 24-2 11.3

65-3 17.2

Arnica 31-2 28•3

Clint r, n'La uniflora 22-3

Penstemon duestus 28-3

nrvfola 22-3

22.3

1.7,te,„ 22-3
_ .

Cr)11.11-1- 22.3

2	 • 2

•t r	 1 u	 a UT:,

	14-2	 13-3

34-3	 11.3
	

28-2	 38-2



14-2 33-2 19-2 133

Poly:onum davLsj_a- 17-2 17-2 30-3 29-3

Fenste7lon 14-2 39-3 44-2 14-2 823 67-3

tonardeli n 17-2 23-3 14-2 14-3

Antennaria roses 14•3 22.3 17-3

Saxifra fel-ru7 i nea 24-3 11-2 11-2

SeduE	 ol:,tus7tu_7 1 ° 31-3 44-3 .69,3

CryF,toramr7a arcstichoids 28-2 22-3 35'2

23-3 17-3

Pensteon	 .c-^0.-e-"sus12 11-2 26-3

splrr,17,71 22-3

22-3

22-2

43-3

48.3

14-3 17'3 56-2 33-2

14-2 28-3 62-3 24-3

21-2 28-3 43-3 67-3

11-2 17-3

28-3 22.3

Hieracium c7rPo ll -

Boschniay.ia strobliacea

OPS 
Lewisia cotyleOn 

Jun us carryi

Cheilanth--s 

Arcriaria con7tsta

Phlox diffusa

Erioonum	 tun

1 4- 3

17.3 --

 

3.1 .3 1(3"2

20-2

 

h-)w(-11

••• "	 . 11 . '...11•; ,	 '` I ;	 r,:	 • 111 7 •	 • •

  



'

a 1 = on-	 =	 3	 < 125, 4 = 10-25`), 5 = 25-525,
•

6 = 50-75, 7 - >

b Shrubs with < 125 presence: MH/Fhem; Rites nevF-.d-nsis, Alnus 

tenuifolia, Vaccinium occ 4 dentale, Ribes binominatum, RubUs

-oa ,-vificruE,z , Gaulthcria humifu	 -'1-sa, So2ca oouglassil, 	

densiflora, Rosa g7mnss p rca. C,7:1/Zuv 2 ; Pay.ster:.a myrsinites,

Corylus . ccv-nut 2 , Rha=lus ca1 4?orni ca. WP/Hom; G2rrya fremOnt41.

WB/Homi; Pop;J. l us t7-cmu1icides.

c MH/Phem = Tsua mertns i ana/Phyllodoce emoe,rifo-mis, :;1:1-/Quva =

	  vaccinifolia, 1H/7ypi = Tsua

_	 _	 _rtenc,	 • n:	 =

	

Ahi es 	 nifica/PTro 

WP/Homi = Pinus monticcla/Holodiscus microchyllus, WB/Homi =

Pious	 is/F in 	 microchvilus.
(

L. g. var californ-3.cam, 2;. o. var micro:-h7 11 _ 2 . 3 A. g. var to7-rovi,

4 J. C. var	 5r.-7udirl.:, C. t. var 	 	 C. t.

wrihtli	 G P• a. var 1 , E4 ru f-inosu ri, 7 C. u. var	 n. ssp
-	 3

..	 •

c'berrvi,	 	 o. var	 lo 0• o. sso boreale,	 S. 1. var

12 p  p. ssp br,_chyanthus 13 S. d. var scopulorun, Y'includinL; E. u. var

Polanthum ,7,nd E. u. v 2 - st ,-,11.1i-c--

•

4



FIG. 1. Latitudinal ranges of Klamath Region conifers.

Redwood (Seauoia se pp ervirens;, western red-cedar (Thuia

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

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

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

(Pseudetsuga men:iesii), western white pine (Pinus monticola),

weeping spruce (Picea breweriana) , western year (Taxus 

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

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

(Pinus lambertiana), ponderosa pine (Plans ponderosa),

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

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

amabilis), Engelmann spruce (Picea enp-elmannii), subalpine

fir (Abies lasiocarpa), Siskiyou cypress (Cupressus bakeri 

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

found Here (Abics magnifica var. sha';L.ensis), lodgepole pine

(Pinus contorta var. murrayana), whitebark pine (Pinu.. 

albicaulis), common juniper (Juninorus communis var.

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

juniper (Juni p erus occidentalic).
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FIG. 5. The Russian Peak area looking west from the Scott

Va l le y 1 L1 km south of Etna on State Route 3. Localized

glaciation seen on Eaton Peak, 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 major

granitic intrusions, of the Klamath Re ion in California.

Study areas:	 (1) north Siskiyou Mountains, (2) Bear Peak

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

Mountain area, (5) western Marble Mountains, (6) English

Peak area, (/) Russian Peak area, (8) central Trinity Alps,

(9) Boulder Creek area, (10) Eagle Peak area, (11) Granite
Peak area, (12) Weaver Bally, (13) Shasta Bally, (14) Ammon

Ridge.



FIG. S.	 'Direct ordination cf individual conifers. 	 Samples

plotted by elevcition and moisture (Table 2) outline 	 the

environmental space (SA). Isorithms for species dominance

(5B-5',:)	 form nomograms of population levels based on canopy

cover.	 L- low dominance, <10%; M- moderate dominance,

10-25;	 H- high dominance, 25-50; V- very high dominance,

>SEi.



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

composition of 6S sam p le---4. Lines group samples of similar

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 reduced influence.

ponderosa pine-dominated mixed forests, white fir,

Douglas-fir, and incense-cedar secondarily important.

mixed forests; the five species with equal dominance,

or with white fir and/or Douglas-fir dominante. B- forests

with mixed composition enriched by typically higher elevation

-species (Shasta fir, lodgepole pine, western white pine,

mountain hemlock, Engelmann spruce, weeping spruce). The

presence of any of these in the canopy is needed for

inclusion. IV• Engelmann spruce-dominated forests.

Enriched mixed forests with no species dominance.

Enriched mixed forests with a high dominance of

fir and/or Douglas-fir.



FIG. 7.	 Distri l3ution of forest potential based on tree

ttw	
reproduction in relation to moisture (Table 2) and elevation

gradients. Criteria for classification into III and V as in

Fig. 6. • No samples were classified into I, II, IV, VI using

those criteria.

?iN



FIG. S."Indirect ordination of 221 stands in the 1.ussian

Peal: area using methods described in text. Boxes around

type symbols indicate extent of vegetation unit(s). When

type symbols are not separated, they cannot be segregated

in the x,y-ordination. Segregation occurs along the

gradient (a) of increasing canopy coverage. WF/Bene, Abies 

cencolor/Berberis nervosa; WF/Ccpr, Abies concolor/Ceancthus 

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

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

magnifica/Quercus vaccinifolia; Quva-Arpa, Quercus vaccinifolia-

Arctostaphylos patula; NH/Phem, Tsuga mertensiana/Phyllodoce 

cmpetriformis; nH/Pyi, Tsuga mertensiana_/Fvrola picta;

RF/Pypi, Abies magnific/Pyrola picta; WP/Homi, Pinus 

monticoa/Holo:liscus micro p hyllus; WB/Homi, Pinus albicaulis/

Holodiscus micronhyllus.



FIG. 9.	 'Direct ordination of Russian Peak vegetation

types.	 Elevation and soil moisture (Table 2) outline the

environmental space as in Fig. 5.



FIG. 10.. Known locations of subalpine fir in the Russian

Peak area. Extent of localized populations in seeps behind

Little Duck Lake and on Grizzly Peak exaggerated.



rj . 11, Known locations of Engelmann spruce in the

Ii Peak area.	 Isolated trees _;row ;It lower elevations

along Sugar and Duck Lake Creeks.
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