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Grassy balds are meadows that occur on or near the

summits of montane peaks and ridges. The sites on which

balds are located generally fall within the climatic

tolerance ranges of associated tree species. This study

evaluates the stability of a forest-meadow transition zone

of such a bald on Marys Peak in the Oregon Coast Range.

The habitats for invasion by trees are described in terms

of ecotone types based on forest tree species and dominant

meadow taxa. Four Abies procera ecotone types, the

Festuca/Carex (FC), the Festuca/Elvmus/Agrostis (FHA), the

Festuca/Smilacina/Viola (FSV), and the Agrostis/Festuca

(AF), were identified using ordination and clustering

analysis. Active invasion by trees into the adjacent

meadow vegetation is occurring along locations occupied by

all four Abies procera ecotone types. Three Pseudotsuga

menziesii ecotone types were also defined. The trees in

the Pseudotsuga menziesii ecotone types either are not



encroaching into the meadows or occur in such limited

extent they pose no immediate threat to the meadows.

The Abies procera ecotone types are distributed along

gradients of light, moisture, and growing season length.

There is a trend toward decreasing light in the order FC >

FSV > AF > FEA, and for moisture availability in the order

FEA > FSV > FC > AF. Meadow vegetation responds to these

gradients both in terms of species composition and the

relative importance of competition among species. The

anticipated importance of competition for the meadow

vegetation of these types is ranked in the order FC > FSV

> FEA > AF. Tree establishment into these meadow habitats

is controlled in part by abiotic factors and in part by

competitive interference from, and physical barriers

created by, meadow vegetation. The intensity of tree

invasion (numbers and sizes of trees) and vigor (growth

rate) of trees suggest rates of forest encroachment into

the meadows in the order FEA > FSV > AF > FC.

Microsites that permit seedling establishment,

weather conditions that enhance microsite availability,

and coincident mast seed years facilitate tree seedling

recruitment. Safe-sites for tree seedling establishment

in the FC are associated with interruptions of the heavy

sod layer and reduced herbaceous competition. Peak

establishment years in the FC are related to heavy spring

snowpack, low June rainfall, and occasionally to high

August rainfall. These weather conditions reduce the



competitive effects on Abies procera seedlings of the

graminoid sward which dominates the FC type. Sites for

tree seedling establishment in the AF are generated in

part by natural disturbance to the grass sward, in the

form of soil creep, shading, and root competition from

dominant forest trees. Peak establishment years appear

related to increase in total summer precipitation. Peak

recruitment for the FEA and FSV types occurs when spring

snowpack is low. Implications of these results are 1)

that tree invasion along FC ecotones requires reduction

in competition from dense grass sedge- dominated

vegetation, 2) that competition is naturally ameliorated

by soil-creep disturbances in the grass-dominated AF, and

increased moisture facilitates establishment/and 3) that

invasion of both the FEA and the FSV requires increased

growing season length and is not competition limited.

Thus, forest expansion is extremely slow because it

requires the coincidence of available safe sites for tree

seedling establishment, years of heavy seed production,

and ecotone type-specfic weather patterns which facilitate

seedling recruitment.
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Invasion by Trees into a Grassy Bald on Marys
Peak, Oregon Coast Range

I. Introduction

Grassy balds of the Pacific Northwest often contain

unique vegetation and possess high recreational value.

Until recently, however, they have received little

ecological attention. Grassy balds are meadows that occur

on or near the summits of montane peaks and ridges. They

are surrounded by forest and are within the elevational,

climatic, and edaphic tolerance ranges of the associated

tree species. These situations are not instances of

treeline environment. Healthy and vigorous trees occur

along the forest-meadow margin and in the meadows.

Several grassy balds exist in the Oregon Coast Range.

Examples include the upper elevations of Marys Peak,

Prairie Peak, and Grass Mountain. These mountains are

located in the Coast Ranges Province, most of which is

densely forested by Pseudotsucla menziesii communities of

the Tsuga heterophvlla Zone vegetation type (Franklin and

Dyrness 1973). The occurrence of large meadows is

uncommon.

The absence of forests on sites which appear suitable

for growth of the adjacent tree species is puzzling. Did

forests ever occupy these sites and if so, what caused

their disappearance? These problems are historical and

merit speculation. However, due to logistics and time
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limitations, considerations of bald origin were not dealt

with in this work. The purpose of this study was to

describe the forest-meadow transition zone of an Oregon

Coast Range bald and evaluate its stability. Specific

objectives to achieve this goal included: 1) identifying

and describing habitats for tree invasion in terms of

ecotone types along the bald margin, 2) documenting

variations in herb cover and composition across the

ecotones for each of these types, 3) documenting patterns

of invasion, including tree age, size, vigor, and

recruitment, for each ecotone type, 4) determining types

of microsites where trees appear to establish, and 5)

evaluating influences of weather and seed crop size on

tree seedling recruitment.

Work has been conducted on the origin and persistence

of balds or meadows in other geographic locations in North

America. For example, studies investigating Appalachian

balds have also been completed by Lindsay and Bratton

(1979a, 1979b, 1980), Brown (1941, 1953), Billings and

Mark (1957) and Mark (1958). Investigations of meadow

invasion have also been completed in the Cascade Range

(Franklin et al. 1971), the Rocky Mountains (Billings

1969, Weaver 1974), the Olympic Mountains (Fonda and Bliss

1969, Kuramoto and Bliss 1970, Canady and Fonda 1974), the

Wind River Range (Dunwiddie 1977), and the Madison Range

(Patten 1963). Except for the Appalachian studies, these

investigations have primarily focussed on subalpine sites
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or other marginal environments for the tree species being

studied. However, Vale (1981) did examine the short-term

persistence of montane meadows in the Oregon Cascades.

Coast Range balds in Oregon are influenced by different

climatic-environmental regimes and are characterized by

species pools not found elsewhere. Therefore while some

similarities exist between montane coastal balds and those

from other areas, it is expected that causal forces

influencing stability and organization may vary

substantially from those influencing forest-meadow

ecosystems elsewhere.
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II. Study Area

Location, Geology. Soils, and Climate

Marys Peak, the highest point (1249 m) in the Oregon

Coast Range, is located 22 km southwest of Corvallis at 44

30' N latitude, 123 30' W longitude (T12S R7W) (Fig. 1).

The grassy bald occupying the summit of the peak was

selected for study because it is one of the largest balds

in the range, so the factors important in permitting or

prohibiting tree invasion

represented. The summit

least, and generally more

subject to decreased

into meadows should be well

exceeds nearby ridges

than, 300 m. Thus,

temperatures,

by

it

at

is

increased

precipitation, and higher wind speeds compared to the

surrounding area. The mountain is highly dissected by

drainages and three major ridges. Slopes are

steep, ranging from 10 to more than 60%. There

peak, known as West Point, which rises to 930 m

moderately

is a lower

and is two

miles southeast of the main summit. A microwave relay is

located near the summit of this secondary peak. West

Point is connected to the main summit area by a saddle.

Both peaks and the saddle are occupied, in part, by meadow

vegetation. The study area (Fig. 2) is confined to the

forest-meadow ecotones associated with these meadows.

Marys Peak was formed by a basaltic sill which

intrudes bedded sandstones of the Middle Eocene Fluornoy

Formation. These sandstones are underlain by Eocene



Figure 1. Portions of Alsea and Marys Peak Quadrangles (U.S. Geological Survey).
U.1
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Siletz River Volcanics (Lawrence et al. 1980, Baldwin

1955). Soils occupying the summit and ecotonal areas at

1067 m and above are Medial or Medial-Skeletal Cryandepts

(Green 1982). Skeletal soils occur under closed canopies

and on south slopes, whereas the less rocky soils are

found in the open and on north slopes. The soils are

either gravelly-silty loams or silty loams, and pH ranges

from 4.8 to 5.6. Open site soils lack 0 horizons, and

profile differentiation for all soils is limited. Green

(1982) found reduced soil temperatures (50 cm depth) on

northern vs. southern aspects in meadow situations but

similar temperature reductions were not apparent under

forest due to the insulating influences of the canopy.

Additionally, soils under forest canopies, regardless of

aspect, were cooler than those in the open in spring,

summer, and fall, but equaled or exceeded open site soil

temperatures in winter. Differences in temperature

extremes betwen aspect are more apparent in the open, with

southern exposures averaging 0.7 C greater than northern

aspects. As expected, soil temperatures decrease with

increasing elevation, and differences between elevations

are particularly acute during the summer months. Green

(1982) noted that the three coolest consecutive months

were February, March, and April, and the three warmest

months were July, August, and September. Soil warming can

be expected to be delayed on northern aspects where late-
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lying snow is a common occurrence along the north facing

forest-meadow ecotone.

The climate of Marys Peak is characterized by heavy

precipitation, averaging 313 cm annually (Bates and

Calhoun 1969). Most of this precipitation occurs in

winter when prevailing winter winds are from the

southwest, while only 5% falls in the three summer months

(Bates and Calhoun 1969). Part of the winter

precipitation that falls on the summit is in the form of

snow. Average April snowpack water content is 34.5 cm for

the years 1939 through 1979 (George 1973, 1973-1981).

Substantial snow accumulation is prevented on the

windward side of the mountain by high winds in conjunction

with steep, convex slopes. During winter, frost heaving

and needle ice occur locally on south and southwest slopes

where soils are very shallow, whereas in summer, high

insolation values produce high evaporation rates and heat

loads. The north and northeast slopes of the peak receive

the greatest snow accumulations via direct deposition and

drifting and are shaded by south and west slopes, so

snowpacks last longest on these aspects. Shaded east

slopes and leeward south slopes may also maintain

relatively late-lying snow drifts. However, because of

the windward location of most western aspects snow

accumulation occurs only on bottom slopes.

Wind speeds are frequently high, occasionally

exceeding 100 mph, and are often intensified by local
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topography. Ridges oriented parallel to the prevailing

winds form draws or drainages between them. These draws

and drainages act as funnels for the wind, increasing its

speed. Parker Creek, the major drainage for the study

area, functions in this way during powerful storms.

Vegetation

Three major kinds of vegetation occupy the upper

elevations of Marys Peak. These include: 1) meadows with

combinations of grass, sedge, and forb species, 2) forests

of either Abies procera or Pseudotsuga menziesii, and 3) a

xerophytic rock garden with populations of several species

whose nearest conspecifics occur 70 miles east in the

Cascade Mountains.

Forest advancement into the meadows is changing the

vegetation along the ecotonal areas of the peak. Abies

procera and, in some instances, Pseudotsucia menziesii are

invading the meadows at the forest-meadow margins. In

addition, occasional, scattered Abies procera have

established in open meadow. Once established, these trees

grow well, shading out adjacent meadow species and thus

expanding microhabitats for invasion (Fig. 3). Trees in

the open meadow are frequently associated with some form

of disturbance (Fig. 4). Often the source of this

disturbance is human recreational activities which result

in trampling and sod disruption. Currently these

perturbations are limited to high-use locations near the
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Figure 3. Young Abies procera trees invading an open meadow
location on the east slope of Marys Peak.
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Figure 4. Abies procera trees invading a disturbed site near Fast
Summit.
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summit parking area. The greatest pulses of invading trees

are encroaching on the meadows from the forest edge.

Consequently, the emphasis of this study is centered on

the forest-meadow ecotones, and quantitative sampling was

restricted to these areas.

The two main summit meadows are separated by a band

of Abies procera which follows Parker Creek, the major

drainage for the bald (Figs. 1 and 2). The lower area is

known as the Trek Meadow (Fig.5, lower right Fig. 6). The

upper summit meadow occupies the long, steep west-facing

slope of the main peak, and in this study has been

designated the West Slope Meadow (Fig. 7). Less expansive

meadow areas exist on the east side of the summit road

(Fig. 6). The saddle meadow occurs between the West Slope

Meadow and West Point (Fig. 8).

Two descriptive investigations (Merkle 1951, Campbell

1975) and a recent quantitative investigation (Snow 1984)

have been conducted on the meadow vegetation of Marys

Peak. The work of Snow (1984) is most definitive; in it

he described four meadow communities (Fig. 9). The grass-

sedge dominated Festuca rubra/Agrostis diectoensis/Carex

californica community is most widespread and exists in

three phases. These are 1) a species-poor dry phase

occurring on drier exposed slopes, 2) the forb phase

which is species-rich, with a high forb component, and

often dominated by Pteridium aquilinum, and 3) the

disturbed phase which is heavily impacted by human
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alk

Figure 5. Trek Meadow. Note paucity of trees in meadow and lack
of seedlings associated with tree islands.
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Figure 6. Abies procera forest separating the Trek Meadow and
East Summit meadows from the Main Summit Meadow. Note occurrence
of young trees associated with disturbed site near road.



Figure 7. West Slope Meadow.
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Figure 3. Saddle and Middle Meadow.
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influence. The Senecio triangularis community occurs

along the forest edge on the leeward north slope where

accumulations of snow are greater than at other

locations. The vegetation here is dominated by Senecio

triangularis, Lupinus albicaulis, tall grasses, and sedges

in the overstory layer. The lower layer is dominated by

low-growing rhizomatous forbs. The Iris tenax community

is restricted to a small area in the Saddle Meadow that

accumulates snow to greater depths than surrounding

terrain. This community is species-rich. Iris tenax

dominates, but other prominent associated species include

Fragaria virginiana, stellata, Viola adunca,

Festuca rubra, and Carex californica. The rock garden

community occurs on a xeric, shallow, rocky-soiled site

with southwest exposure. Dominant species are Penstemon

cardwellii, Phlox diffusa, and Lomatium martindalei. The

distribution of these communities appear related to

moisture and disturbance gradients (Snow 1984). Increases

in moisture allow shifts from grass-sedge dominated to

forb-dominated vegetation, and disturbance favors

reductions in total vegetation cover and the occurrence

of forbs (Snow 1984).

The meadows are surrounded on most aspects by

coniferous forest, with Abies procera the dominant tree

species. Active establishment of seedlings and young trees

is occurring on most of the Abies procera-meadow ecotones.

The major south and southwest slopes of Marys Peak burned
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in 1932 (Merkle 1951) and now support a closed canopy

stand of Pseudotsuga menziesii (Figs. 7 and 8). Little

active encroachment by this species into the meadows

appears to be taking place (Fig. 10).

A band of Acer circinatum extends along the west and

south sides of the peak. The western portion of this

shrub thicket probably re-established from sprouts after

the 1932 fire, and the lack of small stems suggests that

these shrubs are not encroaching on the meadow. A few

individuals of Prunus emarqinata, Holodiscus discolor, and

Corylus cornuta occur at the meadow edge of this

community.

The effects of wind are evident within the forested

portions of Marys Peak. Prevailing winter winds sweep up

south and southwest slopes of the peak, flagging the

Pseudotsuga menziesii dominating these locations.

Individual Abies procera may suffer partial crown removal

(Fig. 11) or are occasionally uprooted and the logs

generally oriented southwest to northeast. Trees located

at the northeastern terminus of Parker Creek sometimes

blow down en masse. This happened in the October 1962 and

November 1981 wind storms. Trees are normally nicked off

beginning at the forest edge near the drainage, with blow

down moving progressively inward toward the center of this

forest band. The Marys Peak road has undoubtedly

facilitated this kind of windthrow because it opened the

forest.
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Figure 10. West edge of Saddle Meadow with closed stand of
Pseudotsuga menziesii (left side of frame, south slope),
approximately 50 years old. The north slope (right side of frame)
is occupied by Abies procera.
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Figure 11. Abies procera forest along Parker Creek and Trek
Meadow. Note forest openings resulting from blow dawn of trees
and partial crown removal of Abies procera along north edge of
peak.
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In addition to the herbaceous and woody vegetation

that dominate the upper elevations of Marys Peak there is

a solitary colony of Arctostaphvlos (Fig.12) located near

the West Point summit at the eastern boundary of the

Saddle Meadow. Invading Pseudotsuga menziesii are shading

the population (Fig. 13) and some clumps are unthrifty.

The population is morphologically most similar to A.

nevadensis but also has characteristics of A. columbianum.

Regardless of the taxonomy of this Arctostaphylos

population, it is of biogeographic interest because

representatives of this genus are reported from only one

other site in at higher elevations in the Oregon Coast

Range. Kenton Chambers collected A. nevadensis at 1065 m

in Tillamook County (personal comunuication Chambers).





24

Figure 13. Shading of Arctostaphylos species by Pseudotsuga
menziesii.
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The evaluation of bald stability on Marys Peak was

approached by addressing two explanatory objectives. The

first of these was to describe the patterns and rates of

tree invasion into meadows. The second was to attempt to

elucidate possible controlling factors prohibiting or

permitting tree establishment.

Description of the patterns and rates of tree

invasion into the meadows required documentation of 1) the

locations and kinds of sites where invading trees

occurred, and 2) the abundance and vigor of invading

trees. Once the invasion sites had been described, the

amount, patterns, and rates of tree encroachment for each

of these areas could be evaluated. Measurement or

estimations necessary to document invasion pattern in

space and time included abundance, growth rate, and tree

ages along the length of the ecotone.

Data analysis techniques were used both to classify

invasion habitats and determine the important evironmental

gradients along which these habitats were distributed, and

to examine the potential influence of these habitats on

permitting tree establishment. To further delineate

factors controlling tree invasion into the meadows,

microsite characteristics were evaluated as potential
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establishment safe-sites, as were the effects of yearly

climatic variation and cone crop size on recruitment

rates.

Sampling Methods

Site Selection and Plot Design

During June and July 1980 a reconnaissance was

conducted of the study area. Repeatable patterns of tree

invasion and kinds of meadow vegetation were noted. A

brief site description was recorded for each of these

subjectively determined patterns and each was temporarily

defined in terms of dominant species composition, as well

as location, vigor and abundance of invading trees.

Sampling sites were selected based on internal

homogeneity, topographic position, invasion pattern, and

the vegetation types. The 14 sampling sites (Fig. 14) are

representative of the most common forest-meadow ecotone

types and tree invasion patterns occurring on Marys Peak.

Each site contained three stand types: 1) the open meadow,

where little if any tree invasion was occurring, 2) the

ecotone, defined as the area of major tree invasion, and

3) the forest.

In the summer of 1981, vegetation structure and

microsite data were collected from each of the sample

sites. Belt transects were oriented perpendicularly to

the forest-meadow ecotone. The transects crossed the

ecotone boundary passing through the three stand types,
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meadow, ecotone, and forest. Data collected within these

stands provided an indication of the vegetation and

environmental changes across the ecotonal area.

The nested plot transect system that formed the

sampling pattern is diagramed in Fig. 15. Each belt

transect was 10 m wide and of variable length. The

sampling belt extended across the ecotone with 10 m of

length in open meadow, 10 m in closed forest, and the

intervening area encompassing the length of the ecotone.

Ecotone stands ranged in length from 5 to 50 m.

Environmental Variables

Environmental variables estimated, measured, or

described for each stand included elevation, aspect,

landform, slope, soil depth, and lichen snow line. The

topographic variables give an indication of the relative

amounts of wind, snow accumulation, local temperature

variation, and relative length of the growing season for

each site. The lichen snow line reflects snow depth.

Soil depth was estimated using a steel rod that was

pounded into the ground until rock was encountered. If

rock was not reached at 1 m the soil was considered deep

at that sample point. Depths were taken in this manner at

three corners of an equilateral triangle, 1 m on a side.

These sampling triangles were located at 2.5 m intervals

along the central transect line for each belt transect

(Fig. 15 ).
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Figure 15. Nested plot transect sampling system. Solid lines
indicate delineatons between forest, ecotone, and meadow stands.
Squares equal 1 mL quadrats. Lines within sqmgres equal 0.1 m2
ricroplots.
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Vegetation Sampling

Each meadow, ecotone, or forest stand was gridded in

5 X 5 m subplots, and tree data were obtained by sampling

each subplot. Height was measured or estimated for trees

ranging from 0.2 m to 8 m tall. Diameters of all trees 2

m tall or greater were measured at breast height. On

smaller trees basal diameters were taken. Tree ages were

estimated by counting terminal bud scale scars and/or

whorls of branches on trees up to 8 m tall. Fifteen

saplings ranging in height from 0.3 to 2 m tall were cut

to test the accuracy of these methods for age estimation.

In all cases, bud scale scars and branch whorls gave

exactly the same ages as growth rings. Increment cores

were extracted from representative trees of different size

classes on most sites. The cores were returned to the

laboratory and counted using a stereomicroscope. Percent

crown cover for canopy trees, saplings and seedlings was

estimated occularly within the 5 X 5 m subplots.

Three line transects were run parallel to the length

of each belt transect. Two lines bordered the edges and

one was positioned along the center of the belt (Fig. 15).

Contiguous 1 m 2 quadrats were placed along these lines and

used to sample trees less than 1 m tall. Tree seedlings

less than 1 m tall but greater than 0.2 m were measured

for height, basal diameter, and age. Age for each
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seedling was estimated via terminal bud scale scars or

branch whorls. Seedlings ranging from one year old to 0.2

m tall were counted in each quadrat. Germinants at the

cotyledon stage were also counted. Cover by species of

all tree seedlings within the quadrat was estimated using

Daubenmire (1959) cover classes. The cover and average

height of shrubs were estimated in these 1 m2 quadrats.

Density was obtained by counting shrub stems.

One tenth m2 microplots (0.2 X 0.5 m) were placed in

the center of each 1 m2 quadrat (Fig. 15). Cover of all

herbaceous species within each microplot was estimated

using Daubenmire (1959) cover classes. Placing microplots

at every meter along each tranect line allowed tracking of

changes in herbaceous species compostion and abundance

across the ecotone. Additionally, cover estimates for

several microsite characteristics were made in both the m
2

quadrats and in the 0.1 m2 microplots. Characteristics

included were exposed mineral soil, herbaceous litter,

forest litter, and moss. Depths of herbaceous and forest

litter were also measured.

Data Analysis

Ordinations and Correlations

Ordination techniques can be useful in generating

hypotheses about vegetation stucture and plant-environment

interactions (Gauch 1982). These methods reduce species

and sample dimensional space so one to several axes
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represent most of the variation encountered in the

vegetation. The species and samples are arranged so

similar entities are farther apart (Gauch 1982). Since

the resultant ordination axes are produced solely from

species data, back correlation with supportive

environmental data is required to explain the gradients

described by the ordinations (Gauch 1982).

Many different ordination algorithms are available,

and ecological interpretation is supported when several

techniques produce similar results. The ordination

algorithms currently considered most effective for

vegetation data include Polar Ordination (P0), Principal

Components Analysis (PCA), Reciprocal Averaging (RA), and

Detrended Correspondance Analysis (DCA). Descriptions of

mathematical algorithms and the advantages and

disadvantages of each can be found in Gauch (1973, 1981),

Hill (1973, 1979), Gauch et al. (1977), and Bray and

Curtis (1957). PO, PCA, and RA are included in an

ordination package called ORDIFLEX (Gauch 1977). The DCA

algorithm can be obtained in a separate program called

DECORRANA (Hill 1979).

All four of these techniques were applied to the

Marys Peak species by stands data matrix which included

species abundances (average cover) for each stand.

Average individual species covers for each stand were

obtained by averaging the Daubenmire cover class mid-point

percentages for each species within all microplots within
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values were then log transformed

of abundant taxa and thus retain

taxa. Ordinations were used to

give indications of the environmental gradients coinciding

with the distribution of ecotone

relationships of the ecotone types to

these gradients. Ordinations also aided

types and the

each other along

in substantiating

the ecotone type classification derived from the CLUSB

(McIntire 1980) clustering program. Additionally,

inferences regarding species-species and species-

environmental relationships could be drawn from species

abundances within stands distributed across the gradients.

The Marys Peak data set was subjected to these

ordination algorithms in several forms including matrices

with and without the inclusion of tree species data, as

well as matrices with and without outlier stands.

Correlations between axes produced in ordination runs, and

correlations of

variables were

PEARSON:CORR (Nye

the axes with several environmental

examined using the SPSS subprogram

et al. 1975). The variables included in

this back correlation were percent slope, aspect, average

soil depth, maximum soil depth, lichen snow line, incident

solar insolation, a moisture index derived from the

preceding variables (Appendix B) and percent cover of

grasses, sedges, herbaceous litter, forest litter, moss

cover, lichen cover, and cover of exposed mineral soil.
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The most readily interpretable results were

generated by DCA on matrices which did not include outlier

stands, but in which information of tree abundance was

either incorporated or excluded. The PO and RA algorithms

produced similarly interpretable axes but their resolution

was not as clear. The PCA ordinations were largely

chaotic, presumably due to inadequacies of this program to

deal with non-normal data (Beals 1973, Gauch 1982). The

DCA axes, due to their greater discriptive power, were

used in all subsequent analyses.

The interpretable axes were plotted against one

another to show the distribution of stands along the

gradients. Values for the more highly correlated

variables and relative covers for dominant species were

then plotted for each stand occurring along the axes. This

allowed a format for 1) visualizing the characteristics of

these influencing gradients, 2) examining the structure of

the forest-meadow margin on Marys Peak, and 3) generating

hypotheses regarding plant-environment interactions.

Clustering Analysis

Several ecotone types exist along the meadow-forest

margin on Marys Peak. Functionally, these different kinds

of ecotones serve as tree invasion habitats. The various

ecotone types are not intended to represent communities,

but transitional habitats between meadow and forest

communities. In addition, they are not sharply delineated
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from one another but intergrade both on the landscape and

in terms of species organization. For purposes of

discussion and for evaluation as tree invasion habitats

the ecotone types are defined based on structure and

composition.

The elucidation of ecotone kinds was facilitated by

using a clustering program called CLUSB (McIntire 1980).

CLUSB was selected because of the ecological applicability

of its non-hierarchical, polythetic, divisive algorithm,

and for easy computer accessibility.

The strategy employed by CLUSB is particularly

appropriate to the requirements of this study. The non-

hierarchical nature of the algorithm minimizes the within

cluster variance, so that samples included within a

cluster may be summarized to encompass redundancy and to

reduce noise (Gauch 1982). Conversely, within cluster

homogeneity allows prediction of sample characteristics

based on properties of the cluster to which it belongs

(Gauch 1982). Unlike hierarchical classification, the

non-hierarchical process does not indicate relationships

between clusters. However, ordination can be used for

this purpose and in most instances is more useful.

The polythetic, divisive aspects of CLUSB add to its

usefulness. Polythetic approaches consider the entire

species composition for each sample when deriving cluster

assignments, while monothetic techniques examine only the

presence or absence of a single species. The monothetic
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approach is inadequate for noisy vegetation data and

frequently misclassifies samples (Gauch 1982). Polythetic

techniques examine major gradients in the data (Gauch

1982) giving greater robustness to the resulting

classification. Divisive methods are generally preferred

over agglomerative techniques (Pimentel 1979, Gauch and

Whittaker 1981), since the latter look at small distances

between similar samples. In vegetation data, such

differences reflect noise rather than significant changes

in composition (Gauch 1982). Polythetic, divisive methods

are therefore appropriate for this study since they

express the major differences in vegetation composition

which are related to environment and history (Gauch 1982).

Overall, CLUSB proved to be a satisfactory program to

aid in classification of the ecotone types on Marys Peak.

A disadvantage of CLUSB is the limit of 50 species in the

data matrix. This was not significantly detrimental here,

however, since species diversity among the ecotones did

not often exceed 50 taxa. All common and most rare taxa

were included in the analysis.

Data used to describe each stand and to input to

CLUSB were the average cover percentages for all non-tree

species in each stand. Cover values were calculated by

averaging the midpint percentages for all Daubenmire cover

class values for each species in each stand. The data

were then subjected to a log transformation to maintain

the importance of less common species. Only the non-
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arboreal species were included in the analysis because of

the tendency of high cover overstory species to obscure

pattern in low cover understory species.

Annual Recruitment Patterns

Patterns of Abies procera seedling recruitment within

each ecotone type were assessed by tabulating total

numbers of trees (2 dm to 8 m tall) by establishment

years. Numbers of trees vs. establishment year were

plotted to examine whether recruitment occurred in a

continuous manner or in flushes. Comparisons were made

between peak establishment years and 1) monthly snow water

content, 2) summer monthly precipitation totals, and 3)

determined and estimated cone crop yields.

Snow data for the years 1939-1981 were obtained from

an SCS survey for an upper elevation Marys Peak station

(George 1973, 1973-1981). Precipitation data were not

available for the Marys Peak summit area, consequently,

monthly precipitation totals for the time period ranging

from 1940-1983 were obtained from the Corvallis Water

Bureau Station (National Oceanic and Atmospheric

Administration 1940-1983) which is located on the east

side of Marys Peak at 178 m elevation. Several

difficulties arise when using off-site data. Absolute

amounts of precipitation will be reduced at this

elevationally lower site located in the Peak's rainshadow,

but this is not critical since only relative amounts of
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precipitation between years are pertinent to the

comparisons. However, it is possible that some storm

events encompassing the study area may pass over the data

station resulting in occasionally misleading

representations of the relationship of precipitation to

seedling establishment. Additionally, while cone crop

data exists, it spans only the years from 1961-1980. Some

of this information comes directly from Marys Peak

(Franklin et al. 1974), but part of it describes cone crop

sizes on a regionwide basis (Franklin 1981). Preceding

1961, estimates of expected mast seed years are based on

the commonly encountered three year interval for heavy

cone production in Abies procera.

Microsite Availability and Recruitment

The microsites available along the forest-meadow

margin in which Abies procera seeds may germinate and

establish as seedlings are largely defined by the presence

or absence of various kinds of substrates and the adjacent

plant taxa. The most commonly observed substrates include

herbaceous litter, generally with a substantial graminoid

component; forest litter, primarily derived from Abies

procera needles; exposed mineral soil; and moss.

Numbers of germinants and seedlings less than 2 dm

tall occurring within 0.1 m2 microplots were correlated

with the cover of the substrate types occuring in the same

microplots. To examine the influence of intraspecific
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competition on establishment, percent cover of Abies

procera (2 to 8 m tall) was correlated against the

occurrence of seedlings and germinants. Mean values for

meadow, ecotone, and forest stands for each substrate type

were calculated to gain some understanding of the relative

abundance of seedling establishment microsites.

The data for each ecotone type were analyzed

separately using the SPSS program NONPAR CORR, a non-

parametric ranked correlation technique with an option for

a two-tailed test of significance (Nye et al. 1975).

NONPAR CORR generates both Kendall and Spearman rank

correlation coefficients. Variables found to be

significanly correlated (0.05 level) with either

germinants or seedlings were assumed to influence or be

related to factors influencing the early establishment

phases of Abies procera. A substrate with significance in

one ecotone type need not exhibit significance in another.

Since the larger scale mesohabitats between ecotone types

may be quite different, it is reasonable to assume that

ameliorating effects of various substrates at the

microsite level may also be different. Thus,

generalizations must be restricted to ecotone types.

Direct Gradient Analysis

Direct gradient analysis is typically used to study

the distribution of species along known and easily

measured environmental gradients (Whittaker 1978). It is
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a simple graphing technique where species abundances are

plotted against some environmental factor or set of

factors (Gauch 1982).

Direct gradient analysis was used in this study to

visually depict 1) structure, 2) probable competitve

interactions, and 3) structural characteristics associated

with the recruitment of tree seedings for each ecotone

type. The gradient underlying this display was distance

along the ecotone from forest to meadow, that is, the area

encompassing invasion habitat. Average percent cover of

prominant herbaceus taxa, cover of Abies procera by height

classes, and Abies procera age and height averages were

plotted against distance. Data from representative stands

for each ecotone type were plotted to avoid obscuring

relationships between individual taxa or height classes of

Abies procera that might result from averaging data across

sites within an ecotone type.
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Two sets of DCA stand ordinations were generated, one

with and one without tree cover data included. Four axes

were produced by each ordination. The usefulness of each

axis in depicting important environmental gradients was

initially determined using eigenvalue scores. Axes for

which the eigenvalue is much less than the top eigenvalue

for all axes of an ordination are likely to be

insignificant (Hill 1979). The fourth axes were smaller

(Table 1) and as a result they were eliminated from the

interpretation process.

The amount of variation represented by one axis can

be assessed through the number of standard deviations

encompassed by the length of the axis. A sample

ordination length of four standard deviations implies

species occurring at one end of the axis are almost absent

at the other (Hill 1979). The standard deviation lengths

of each axis and the approximate percentage of species

different from one end of the axis to the other are given

in Table 2. The same information is provided for meadow,

ecotone, and forest stands. While species differences

across all stands range from 39 to 72%, the differences

within stand types are less pronounced. The range of

variation for meadow stands is 13 to 35%, for ecotone

stands 10 to 36%, and for forest stands 29% to 54%. This
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Table 1. Eigenvalues for DCA ordinations

Ordinations Axis 1 Axis 2 Axis 3 Axis 4

Tree ordination 0.397 0.196 0.106 0.058

Non-tree
ordination

0.389 0.182 0.117 0.060
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Table 2. Standard Deviation Lengths and Percent Species
Difference for DCA Ordination Axes.

Axis Standard Deviation Percent
Range Species

Difference

Tree 1 0-2.61 65
meadow 1.0-0.53 13

ecotone 1.21-1.87 17

forest 1.45-2.61 29

Tree 2 0-1.77 44
meadow 0.09-1.48 35
ecotone 1.0-1.39 10

forest 0-1.77 44

Tree 3 0-1.54 39
meadow 0-1.36 34
ecotone 0.23-1.25 26
forest 0.20-1.54 34

Non-tree 1 0-2.86 72
meadow 0.24-1.08 21
ecotone 0.38-1.81 36
forest 0-2.01 50

Non-tree 2 0-2.14 54
meadow 1.17-2.03 22
ecotone 0.99-1.81 21
forest 0-2.01 54

Non-tree 3 0-1.59 40

meadow 0.65-1.59 24
ecotone 0.25-1.34 27
forest 0.40-1.27 22
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pattern of variation results in stands of the same kind

(e.g. meadow, ecotone, or forest) segregating together

along the gradients, especially on the first axis (Figs.

16-19) .

Relationships of ordination axes to one another were

examined using Pearson correlation coefficients (Nye et

al. 1975). The first axes of tree and non-tree

ordinations are significantly related (r2=0.7686,

P=0.001). The second non-tree axis is negatively

correlated (r2=-0.4955, P=0.005) with the first tree axis,

therefore it is negatively related to the gradient

producing the first axis. Tree axis 2 is correlated

(r
2 =0.8137, P=0.001) with tree axis 3. Non-tree axis 3 is

unrelated to all other axes and represents a unique

environmental gradient.

Correlations of ordination axes with environmental or

biotic variables (Table 3) indicate the existence of three

environmental gradients. Variables not significantly

related to the axes include slope, aspect, sedge cover,

lichen cover, cover of exposed mineral soil, total yearly

insolation and tree cover.

Axis 1, for both tree and non-tree ordinations, is

related to the same variables. Significant correlations

exist between these axes and total relative cover of

grass, herbaceous litter and forest litter. Percent cover

of grass and herbaceous litter decreases from meadow

stands to forest stands along axis 1 (Figs. 20 and 21).
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Figure 16 (upper). DCA ordination including trees (DCA Tree), axes
1 and2. Site numbers are those shown on the map in Fig. 14. N=meadaw,
E=ecotone, and F=forest. Circles encompassing meadow stands=clusters
derived form CLUSB (see following section).

Figure 17 (lower). DCA ordination excluding trees (DCA Non-tree), axes
1 and 2. Symbols and cluster lines are the same as in Fig. 16.
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Figure 18 (upper). Da Tree ordination, axes 1 and 3. Symbols
and cluster lines as in Fig. 16.

Figure 19 (lower). DC. Non-tree ordination, axes 1 and 3. Symbols
and cluster lines as in Fig. 16.
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Table 3. Significant correlations of environmental
variables with DCA ordination axes. Upper value = Pearson
correlation coefficient; Lower value = P, T = axis from
ordination with trees; NT = axis from ordination with
trees excluded.

Ti T2 T3 NT1 NT2 NT3

Average Soil 0.56 0.39
Depth 0.001 0.037

Maximum Soil 0.31 0.35
Depth 0.088 0.058

Moisture -0.31 -0.31
Index 0.098 0.093

Grass -0.82 -0.44 0.54
Cover 0.001 0.015 0.001

Lichen Snow 0.65
Line 0.001

Herbaceous -0.94 -0.67 0.51
Litter 0.001 0.001 0.001

Forest 0.90 0.64 -0.47
Litter 0.001 0.001 0.009

Moss 0.41
Cover 0.024
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The trend for forest litter is the reverse of that seen

with herbaceous litter (Figs. 23). Forb cover relative to

total herb cover increases from meadow to forest stands

(Fig. 22).

The alignment of meadow stands followed by ecotone

then forest stands, and the trend of vegetation and litter

along axis 1, indicate that the gradient is related to the

effects of trees. This hypothesis is supported by

information contained in the second non-tree axis which is

related to tree axis 1. Total yearly insolation values

were obtained from Buffo et al. (1972), using the 40

latitude chart. Since Marys Peak is located at

approximately 44 latitude, these values can be considered

valid for relative comparisons only. Further inaccuracies

exist for ecotone and forest stands because tree cover

reduces the amount of light reaching the ground surface.

The use of these inaccurate insolation values for ecotone

and forest stands may explain the low level (P=0.116) of

correlation between the non-tree axis 2 and insolation.

When only meadow stand insolation values are plotted along

the ordinations (Fig. 25) a trend of decreasing insolation

can be seen. Since non-tree axis two is correlated with

tree axis 1 this trend suggests light is an important part

of the gradient representd by the first axes.

Correlations with the second tree axis suggest the

second important gradient is related to soil depth (Table

3, Fig. 24). Non-tree axis 3 is correlated significantly
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with snow depth and moss cover (Figs. 26 and 27). Snow

depth gives an indication of late spring moisture input,

as well as reduced growing season length, and moss tends

to occur on wet sites. Moss has less fidelity in

indicating a moisture gradient than snow depth because it

may be influenced by other factors than water

availability, for example, light intensity and

competition.

In summary, the first axis of the DCA ordinations

implicates light, the second soil depth, and the third

snow depth as important variables underlying environmental

gradients.

In order to see how vegetation responds to light,

moisture, and late lying snow, stand cover values for

herbaceous life forms (grass, sedge, and forb) (Figs. 20,

22, and 28), dominant herbaceous species (Figs. 28-33),

and Abies procera reproduction (Figs. 34 and 35) have been

plotted at stand locations on the ordinations. Two size

classes are graphed for Abies procera, trees < 1 m tall

and trees > 1 m to 8 m tall. Absolute cover values have

been plotted on tree ordination axes 1 and 2. The sedge

life form group is represented only by Carex californica,

since cover for other sedge species is negligible.

Dominant meadow edge species include Carex californica,

Festuca rubra, Agrostis diegoensis, Elymus cilaucus,

Smilacina stellata, and Viola glabella. Relative cover

values for each of these species are plotted on non-tree
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ordination axes 1 and 3 (Figs. 28-33). Axis 1 and 3 were

used for all species to provide a consistent basis for

comparison. Plotting species on both sets of axes

produced similar patterns except in the case of Carex

californica, which appeared more related to snow depth

than soil depth. Montia sibirica and Smilacina stellata

are the herbaceous dominants in forest stands.

Occasionally other species are prominant including Luzula

parviflora, Oxalis oregana, Elymus cilaucus, or Festuca

subulata. Ecotone dominants include both meadow and

forest dominants. Rarely, a species less abundant in a

meadow stand will express dominance in a ecotone stand.

Pteridium aquilinum is the most important of these

species.

Relative cover values for all herbs and absolute

cover values for Abies procera were used to elucidate the

relationships between gradients and plants. Relative

cover was chosen for herbaceous plants because the DCA

ordination procedures view cover of a particular species

in comparison to the cover of all other species in the

stand. Absolute cover was chosen to describe patterns of

Abies procera invasion into the edge meadow stands to gain

a perception of how successful reproduction is at various

points alon the gradients.

It should be noted that in discussing vegetation

response to light and moisture, it is not implied that

shifts in abundance between life forms or species are
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directly controlled by these two gradients. Decreasing

light results in a reduction of relative cover of grasses

(Fig. 20) and sedge (Fig. 28) in ecotone stands compared

to meadow stands. In forest stands grass and sedge cover

diminish drastically; Carex californica is often absent.

Carex californica tends to decrease in relative abundance

with increasing moisture or possibly, decreasing growing

season length (Fig. 28, axis 3). This relationship is

corroborated by a similar but less pronounced pattern on

axis 2. No clear relationship between relative grass

cover and moisture is apparent. Relative forb abundance

rises as light decreases and snow depth increases (Fig.

22).

All four major graminoid species tend to decrease in

cover from meadow to ecotone to forest. Shade tolerance

apparently increases in the order of Carex californica <

Festuca rubra < Agrostis diegoensis < Elvmus glaucus

(Figs. 28-31). Little pattern related to moisture can be

visualized for F. rubra. However, where C. californica

cover is low, F. rubra cover is high (Figs. 28 and 29).

It appears that in areas unfavorable to the sedge, F.

rubra gains dominance. At the drier end of the moisture

gradient, or where there is less late-lying snow, C.

californica dominates (e.g. sites 1, 2, 3, 4, and 9). At

intermediate locations along this gradient F. rubra and C.

californica tend to share dominance.
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Agrostis diegoensis (Fig. 30) and Elvmus glaucus

(Fig. 31) are less common than Carex and Festuca, but at

certain locations they are more important, and they are

common subdominant species in many sites. Agrostis

diegoensis has greatest cover in moister sites where Carex

californica cover is low or where Festuca rubra cover is

intermediate. It also occupies sites that are shallow

soiled and receive substantial soil disturbance. For

example, site 8 meadow, ecotone, and forest stands are

subject to rockfall and soil creep. At such locations A.

diegoensis seems better able to survive than C.

californica or F. rubra. Elymus glaucus follows similar

distributional patterns as A. diegoensis, except that it

is not as common in sites with unstable soil conditions.

Smilacina stellata (Fig. 32) and Viola glabella (Fig.

33) follow the general pattern of forbs increasing in

relative cover with decreasing light. Both species tend

to be ecotone and forest dominants. In the meadow, both

have greatest abundances in the wetter sites or in stands

where Carex californica and Festuca rubra cover are low

to intermediate. Both S. stellata and V. glabella span

the entire moisture gradient within the ecotone and forest

stands. This discrepency between moisture preferences

from open to shaded conditions may be related to higher

transpiration in the more lighted situation. However, I

think it is likely that the shift is, at least in part,

caused by competition for resources with the graminoids.
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Forest stands have low diversity and low total cover

of herbaceous species. Since most forest herbs are

uncommon in meadow or ecotone stands they do not enter

into questions of tree invasion into the meadows. Montia

sibirica, a very common forest herb, occurs in about half

the ecotone stands with low absolute cover, and in all but

one forest stand. Distribution of M. sibirica appears

unrelated to moisture patterns but may be dependent on

light intensity.

Few Abies procera seedlings or saplings are present

in the meadow stands (Figs. 34 and 35 ). Where they do

occur, sedge and grass cover are reduced and forb cover is

high (Figs. 28, 29, 32, 34, and 35). Pattern between A.

procera cover and soil depth is obscure, but greater soil

depth possibly results in reduced abundance of

reproduction size trees less than 1 m tall. Several

potential explanations for this relationship exist. Soil

depth is probably related to soil rock content near the

surface. Infiltration from minor summer storms is often

more effective on rocky sites, and competition from

herbaceous taxa may be reduced causing less surface soil

drying than on deeper soil sites. Adequate surface soil

moisture is important during the establishment phase for

Abies procera because of its slowly developing, shallow

root system. Deeper soil sites may have a greater volume

of stored water but depleted levels within the first few

cm at the surface. This situation might facilitate
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greater productivity of forbs and graminoids, especially

if soil nutrient levels are high, potentially generating

herbaceous competition for moisture. This phenomenon has

been documented by Patten (1963) in meadows in the Madison

Range.

Snow depth, the other component of moisture

availabilty, does not exhibit any correlation with cover

of Abies procera reproduction size trees. However, it is

related to seedling establishment and survival. It

appears that major influences of increasing snow depth act

at the microsite level. Such effects are different for

each ecotone type and are considered later.

Clustering Analysis

The limits of CLUSB were exceeded when all stands

were used. Thus, the Pseudotsuga menziesii stands (sites

5,7, and 13) and the Acer circinatum stand (site 14) were

removed from the analysis and subsequently classified into

ecotone types. Using the Abies procera sites, CLUSB gave

an interpretable array of clusters (Fig. 36). Ten

iterations of CLUSB were sufficient to make the

classification, but one large cluster remained. This

cluster of stands contains most of the ecotone and forest

stands. The homogenizing influences of the trees obscures

the mesoenvironmental pattern. Consequently, the

understory vegetation in all the forest and ecotone stands

is fairly similar in composition. Because meadow stands
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types (c).
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were more variable, ecotone type classification was based

on the meadow stand clusters. These meadows are either

the site of active tree invasion or represent the kind of

meadow that existed in the ecotone stands prior to

encroachment.

CLUSB iterations 6 and 10 (Fig. 36 a and b) produced

slightly differing arrays of meadow stand clusters, with

iteration 10 producing more clusters than were

ecologically interpretable. Each successive iteration

between the sixth and tenth made only very small changes

in the clustering arrangements. Ecotone type assignments

were made by comparing the meadow stand clusters

delineated by these two iterations with characteristics of

the sites included in each cluster. The integrity of the

resulting groupings was substantiated with ordination

results (Figs. 16-19).

At iteration 6, there is a large cluster encompassing

the meadow stands from sites 1, 2, 3, 4, and 9 (Fig. 36a).

The first four sites occur on southerly oriented slopes,

the last on an eastern exposure. Festuca rubra and Carex

californica dominate these stands. Grass and sedge cover

are nearly equal, both exceeding 50%. Forb cover is low.

In iteration 10, meadow stand one has been removed to its

own cluster. This is probably caused by a phenological

separation resulting from early sampling. Consequently,

these five stands are considered to represent one ecotone

type, the Festuca/garex (FC) type (Fig. 36 c).
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Meadow stands 11 and 12 are clustered together at

both iterations (Fig. 36 a and b). They are dominated by

Festuca rubra, Elymus glaucus, and Agrostis diegoensis,

yet total cover of forbs considerably exceeds total cover

of grasses, with Carex cover also comparatively low.

Site 11 and 12 are representative of the forb dominated

Festuca/Elvmus/Agrostis ecotone type (FEA) (Fig. 36 c).

Both the meadow and ecotone stands for site 8 are

included together in a cluster at iteration 6 (Fig. 36 a).

The meadow stand is segregated from the ecotone stand

during the tenth iteration (Fig. 36 b). The meadow is

dominated by Festuca rubra and Agrostis diegoensis. The

ecotone has small, scattered trees and the forest canopy

is open, providing adequate light for the grasses to

extend through ecotone and forest. Site 8 is distinct

from other sites sampled, yet similar to areas along the

eastern aspects of Marys Peak. Thus, it describes an

ecotonal situation which has been called the

Agrostis/Festuca ecotone type (AF) (Fig. 36 c).

Sites 6 and 10 represent the somewhat loosely defined

Festuca/Smilacina/Viola ecotone type (FSV). Grasses and

forbs exceed sedge species in abundance. Dominant species

are Festuca rubra, Smilacina stellata, and Viola glabella.

Although major similarities exist between the two sites

representing this kind of ecotone, substantial differences

are also present. These differences probably account for

the separation of these stands to distinct clusters
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between iterations 6 and 10 (Fig. 36 a and b). Danthonia

californica has higher cover in meadow stand 10 than in

stand 6. Ecotone 6 has likely been segregated based on its

depauperate understory. The dense, closed canopy of young

trees is probably responsible for this condition. Forest

stand 6 had much greater cover of Montia sibirica than

other forest stands. More important, however, there is a

gap in the forest canopy which allows enough light

penetration for the appearance of a Pteridium aquilinum

colony. Pteridium aquilinum usually appears only in

meadow stands on Marys Peak. This compositional change is

in response to a historical irregularity in habitat, and

is not an appropriate basis for classification.

In addition to these four Abies procera ecotone

types, three other kinds of ecotones have been described

(Fig. 34c) These include the Pseudotsuqa/Pteridium (PP)

(Fig. 10), the PseudotsugaJArctostaphylos (PA) (Fig. 9),

and the Acer/Agrostis/Elymus (AAE) ecotones types. The

first two have Pseudotsuqa menziesii as forest dominant,

with Acer circinatum dominating the woody vegetation of

the latter. Pteridium aquilinum dominates the meadow of

the PP ecotone type. The PA type has a distribution

limited to a single ridge crest where P. menziesii is

invading across a small patch of Arctostaphylos. These

last three ecotone types will not be discussed further in

this study since they appear relatively stable, or are

limited in area, and so are not major sources of tree
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invasion into the meadows. (See Appendix B for species

composition data).

The arrangement of Abies procera ecotone types along

the environmental gradients suggested by the DCA

ordinations give indications of habitat characteristics.

Insolation (Fig. 23) appears to decrease in the order

and Festuca/Elymus/Agrostis. The FC ecotone type is

located along the shallower end of the soil depth axis

(Fig. 16) and occupies the mid-range of the snow depth

gradient (Fig. 19). The FSV, AF, and FEA ecotone occupy

similar positions at the deeper end of the soil depth

axis, but are separated along the snow depth axis. The

FSV type is located in the mid-portion of the gradient

with the FC ecotone. FEA and AF are located at the high

and low ends of the gradient, respectively.

Seven different ecotone types were defined, above,

for the Marys Peak bald using clustering and ordination

techniques. Each of these ecotone types represents

transitional vegetation between forest and meadow

communities which functions as tree invasion habitat. The

ecotone type-classification was made to provide a

conceptual framework for examining tree invasion and

vegetation dynamics across the ecotones. The types are

not to be considered discrete units nor do they encompass

all the variation along the forest-meadow margin. Rather,
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these ecotone types describe the areas where there is the

greatest amount of tree invasion.

Habitat for Tree Invasion

The meadow-forest margin and adjacent meadow edge are

the habitat where most tree invasion is occurring.

Consequently, emphasis is placed on the meadow stands.

Details of species composition for all three stand types,

within the Abies procera ecotone types, are presented in

Appendix C. The Festuca/Carex ecotone type is

characterized by the lowest overall vascular plant cover

(127%) and is dominated by graminoid taxa (Figs. 5, 37,

and 38). Prominent among these are Carex californica (35%

relative cover) and Festuca rubra (48% relative cover).

Most abundant forbs are Rumex acetosella, Viola crlabella,

Smilacina stellate, Lilium columbianum, and Anemone

lyallii.

In contrast to this graminoid dominated type is the

Festuca/Elymus/Agrostis (Figs. 13, 9, and 40) ecotone type

where forbs contribute 61% of the relative cover. Total

vascular species cover averages 154%. The dominant

individual taxa are actually the grasses, Festuca rubra,

Elymus cilaucus, and Agrostis diegoensis, but combined

relative cover of all graminoids is only 39%. Conspicuous

forbs include Smilacina stellate, Senecio trianqularis,

and Lupinus albicaulis.
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Figure 37. Average relative cover forbs, sedge, and grass for Abies procera ecotone types.
White bars=forbs, black bars=sedge, stippled bars=grass.
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Figure 38. Meadow associated with Festuca/Carex (FC) ecotone type.
Note numerous Carex californica flowering spikes and patches of
Festuca rubra.
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Figure 39. West Slope Meadow showing north slope Festuca/Elymus/
Agrostis (FEA) ecotone type. Lighter green patches are forb
dominated areas. Note extensive tree invasion.
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Figure 40. Meadow vegetation associated with the FEA type. Note

prominance of forts.
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Most similar in meadow physiognomy to the FEA is the

Festuca/Smilacina/Viola type (Figs. 41 and 42). In the

latter, however, forbs and grasses tend to share

dominance. Also, total vascular cover (252%) is highest

among the Abies procera ecotone types. Although Festuca

rubra is the individual taxon with greatest cover, the

total relative cover of grasses (40%) is less than that of

forbs (51%). Sedges have only 9% relative cover.

Dominant forbs include Smilacina stellata, Viola cilabella,

Rumex acetosella, Achillea millefolium, and Pteridium

aquilinum.

The Agrostis/festuca ecotone type (Figs. 43 and 44)

has plant cover in the mid range, with 159% total cover of

vascular taxa. This type is dominated by members of the

Poaceae, particularly Acrostis dievensis and Festuca

rubra. Total relative grass cover is 40%. Forbs have 31%

relative cover and are dominated by Rumex acetosella and

Pteridium aquilinum. Sedges follow with 17%

cover and Penstemon cardwellii, a low-growing

often associated with rocky habitats, has 12%

cover.

With the exception of the AF type, the ecotone types

generally occupy slopes ranging from 13-37% (Table 4).

The AF occurs on steeper east slope locations (e.g. 68%

slope at site 8). FC ecotones tend to occur on gentle

southerly or occasionally eastern slopes. The FEA type is

limited to leeward north slopes, where snow drifts

relative

subshrub

relative



Figure 41. Festuca/Smilacina/Viola ecotone type.
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Figure 42. Festuca/Smilacina./Viola ecotone type.
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Figure 43. Agrostis/Festuca (AF) ecotone type.
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accumulate at the meadow-forest margin. The FSV type may

occur on northern or western locations that possess late-

lying snow patches which melt prior to the drifts

associated with the FEA ecotone type. Lichen snow lines

indicate snow depths of 3.9 m for FEA, 2.0 m for FSV, and

1.6 m for both FC and AF.

Soil depths are variable among sites within an

ecotone type (Table 4). However, using average and

maximum soil depth data, comparisons indicate the western

FSV site (average depth 92 cm) has the greatest depth and

the northern site (average depth 32 cm) the shallowest.

Lying between these extremes,soil depth appears ordered

such that FEA > CF, the latter probably nearly equal to

AF. Additionally, it appears that there is a trend at

most sites for a reduction in soil depth progressing from

meadow to ecotone to forest stands. For example, soil

depth averages in the FC ecotone type are 54 cm in meadow,

53 cm in ecotone, and 42 cm in forest stands. Similarly,

in the FEA type soil depth averages are 64 cm in meadow,

53 cm in ecotone, and 45 cm in forest stands. Patterns

for the other two types are more ambiguous (Table 4).

A moisture index (Apendix A) orders the ecotones in

the following manner: FEA > FSV .> FC > AF. This is

corroborated by the ordering of sites along the soil depth

(Fig. 16) and snow depth (Fig. 19) axes.

Substrate characteristics generally do not exhibit

identifiable patterns among sites within an ecotone type
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Table 4. Site Characteristics for Sampled Stands within the Abies
procera Ecotone Types on Marys Peak. Values for slope, aspect,
moisture index, and insolation are stand observations. Values for all
other variables are stand averages. 7 = missing data, - = non-
applicable data.

PEA AF
Characteristics Mll M12 Ell El2 Fll F12 M8 E8 F8

% Slope 26 30 26 30 26 30 68 68 68

Aspect 345 343 345 343 345 343 120 120 120

Average Soil
Depth (cm) 68 60 52 54 36 53 64 51 31

Maximum Soil
Depth (cm) 90 100+ 82 100+ 68 87 76 81 64

Moisture Index 29 26 26 26 23 25 15 13 9

Insollatign(Cal
cm ' yr ' X 10 3

) 125 112.5 160 -

Lichen Snow
Line (m) 3.9 3.8 1.6

% Cover Moss 14.1 0.2 2.7 5.0 0 4.1 0 0 0.5

% Cover
Mineral Soil 0.6 0.6 1.3 0.2 2.5 2.1 11.2 5.6 70.0

% Cover Herb
Litter 85.0 97.0 36.6 23.1 2.1 0 76.7 75.5 11.2

% Cover Forest
Litter 14.1 0.2 89.3 83.1 84.3 94.7 0.4 49.0 75.5

FSV
M6 M10 E6 E10 F6 F10

% Slope 24 30 19 34 32 53

Aspect 320 40 320 40 320 40

Average Soil
Depth (cm) 87 32 93 29 97 34

Maximum Soil
Depth (cm) 100+ 36 100+ 39 100+ 42

Moisture Index 19 19 28 18 27 16
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Table 4 (contirroP(3).

InsglaticniCal,

M6 M10

FSV

E6 El0 F6 F10

cm ' yr ' X 10') 147.5 135.0 - -

Lichen Snow Line - - - - 2.1 2.0

% Cover Moss 0 24.3 11.2 0 9.8 0

% Cover
Mineral Soil 0.6 0 0.6 1.3 3.0 1.3

% Cover Herb
Litter 95.9 97.5 24.6 10.3 25.6 0.1

% Cover Forest
Litter 0 0.1 77.0 85.2 75.0 89.5
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Table 4 (Continued) .

Ml M2 M3
FC
El E2 E3 Fl F2 F3

% Slope 13 19 21 13 26 21 13 26 21

Aspect 163 267 270 163 259 270 163 270 270

Average Soil
Depth (cm) 51 68 54 46 55 48 41 54 40

Maximum Soil
Depth (cm) 95 90 66 96 76 62 55 80 45

Moisture Index 20 23 19 19 18 19 20 20 17

Insqlatin(Cal,
cm ' yr ' X 10') 225 194 192.5 -

Lichen Snow Line - 1.6 1.3 1.5

% Cover Moss 7.2 0 0 0.6 11.1 12.7 7.6 3.3 4.1

% Cover
Mineral Soil 0.2 0.1 0 0 2.2 2.3 0 0.1 0

% Cover Herb
Litter 83.5 97.5 100 4.8 40.3 33.8 60.6 0 0.1

% Cover Forest
Litter 12.7 0.1 0.2 93.1 61.7 65.5 24.5 100 100
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Table 4 (Continued) .

M4 M9
FC
E4 E9 F4 F9

% Slope 30 20 30 20 32 20

Aspect 244 120 244 120 37 120

Average Soil
Depth (cm) 43 ? 34 ? 33

Maximum Soil
Depth (cm) 80 ? 62 ? 66

Moisture Index 17 18 16 10 19 17

Insglatibn(Cal
cm yr X 103 ) 209 210 -

Lichen Snow Line - 1.6 1.9

% Cover Moss 6.0 0 18.3 0 0.2 0

% Cover
Mineral Soil 0.1 1.6 0.5 1.0 0

% Cover Herb
Litter 95.5 96.7 16.0 31.5 0

% Cover Forest
Litter 0.6 6.3 90.6 86.5 89.5 88.3
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but there are notable differences between ecotone types

(Table 4). Percent cover of exposed mineral soil tends to

be greater in the AF type, ranging from 5.6% in the meadow

stand to 70% in the forest stand. This is compared to a

range from trace amounts to 2.2% in all other ecotone

types.

The average percentages of herbaceous litter cover

underlying the vegetation of the meadow stands were 97%

for the FSV type, 95% for the FC, 91% for the FEA, and 77%

for the AF type (Table 4). The first two both have large

graminoid components that undoubtedly produce silicaceous

leaves which decay slowly, allowing the build-up of a sod

layer. The Carex species, in particular, contribute to

this build-up. The FEA type has a larger proportion of

forbs which tend to senesce and decay more rapidly than

graminoid foliage. Thus, not only is the litter cover

reduced slightly but the nature of the litter is

different. The FSV also has a large forb component, but

the equally abundant grass litter dominates the thatch.

Even though the AF type is dominated by grasses and has an

intermediate level of vascular plant cover, herbaceous

litter is less abundant than in the other 3 types. The

reduced litter cover is accounted for, in part, by the

exposure of mineral soil, primarily due to soil creep and

rockfall on the steep slopes associated with this type.

These phenomena cause disruption of the sod layer.

Additionally, these sites typically have scattered rock
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piles as well as stony soil. As a result, part of the

substrate is comprised of habitat unsuitable for most

herbaceous species.

Pattern of Tree Invasion

The pattern of tree encroachment across the forest-

meadow ecotone can be characterized by examining the

distribution of percent cover and density of height

classes of Abies procera. Cover estimates were obtained

for three height classes: mature trees (lower canopy to

dominant individuals), large reproduction trees (> 1 m

tall to subcanopy, 8 m tall), and small reproduction

trees ( < 1 m tall). For density calculations the same

classes were used, except the trees less than 1 m tall

were divided into small reproduction (0.2-1.0 m tall),

seedlings (trees less than 2 dm tall), and germinants

(first year cotyledon seedlings).

The distribution of Abies procera cover for the

Festuca/Carex and the Festuca/Smilacina/Viola ecotone

types is similar, while densities diverge somewhat (Figs.

45 and 46). Abies procera is scarce or absent in the

meadow stands but increases in ecotone stands for all size

classes, with average covers ranging from 33-48%. Mature

tree coverage is at the lower end of this scale. Dominant

trees are generally located at the forest edge of the

ecotone stand, extending into the ecotone portion of the

transect from the forest stand. Ecotone stand trees in
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both large and small reproduction size classes possess

nearly equal cover values. In the case of the FC ecotone,

the range is 47 to 48%, while in the FSV the range is 35

to 36%. The meadow stand densities of 1 tree/100 m2 for

small reproduction and 2/trees 100 m2 for large

reproduction recorded from in the FC type give the

appearance of at least limited invasion into the meadows.

However, most of these individuals exhibit slow growth

rates, broken leader, or deformation from snow loading or

grouse herbivory, and are unlikely to grow rapidly unless

released from current conditions. Meadow stands of the

FSV type do not currently exhibit many reproduction size

trees, though trees under 2 m tall occur at densities of

2 trees/ 100 m2.

Ecotone stand tree covers are similar for FC and FSV,

but the densities are quite different. Both types have 3

mature trees/100 m2 Ecotone stand mature trees tend to

be smaller and younger than mature trees in forest stands.

The larger reproduction size class had only 15 trees/100

m2 in the FSV type, compared to 30 in the FC. This is

primarily the result of vigorous, larger trees (2.5-8 m

tall) often forming closed stands in the former type, as

opposed to the occurrence of many crowded, smaller trees

(i.e, 1 to 3 m tall) in the FC type. The small

reproduction size class trees in these types are

frequently suppressed or young individuals that will

probably be dwarfed by shading or competition. Only 5
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trees/100 m2 in the 2 dm to 1 m tall class occur in the

FSV, whereas the FC type has 68 trees/100 m2. The

seedling class had only 6 indiviudals/100 m2 in the FSV

and 130/100 m2 in the FC.

Abies procera cover for forest stands of both ecotone

types is virtually the same, with 85% cover for canopy

trees, 10% for large reprodcution and 7% for trees less

than 1 m tall. Densiti'es for mature trees are equal at

5/100 m2 , and similar for large reproduction with 4

trees/100 m2 in FSV and 5/100 m2 in the FC forest stands.

The difference in structure is once again evident among

the smaller trees, with substantially more individuals

occurring in the FC stands (Fig. 46).

Distribution of Abies procera in

Festuca/Elymus/Agrostis ecotone type differs from that

found in the ecotone types discussed above, in having a

more open forest canopy with 65 vs. 85% cover, 3 vs. 5

mature trees/100 m2 in forest stands, and the occurrence

of large reproduction size trees (6.3% cover, 2 trees/100

m2 ) in the meadow stands. The FEA type typically has

trees ranging in height from 1 m to 4 m scattered in

adjacent meadows. Mature tree cover (27%) appears

slightly reduced from both the FC and FSV. FEA ecotone

stand densities for all size classes are generally similar

to levels encountered in the FSV. Frequently, the FEA,

like the FC, had greater numbers of seedlings within the

forest stands than does the FSV (i.e. 21 vs. 12/100 m2).
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Seedling numbers are high in FEA forest stands, and

germinants occur at a density of 37/100 m2.

The Actrostis/Festuca ecotone type has the most open

forest canopy at 53% cover and 4 trees/100 m2. Many of

the mature trees along this ecotone type have only partial

crowns. They also exhibit trunk scars from rockfall

damage. Unlike the other three types, large reproduction

size trees do not occur in the forest stands and trees of

all classes had reduced cover (8 -17%) in ecotone stands.

Densities in the large reproduction size class are reduced

compared to the other types. While densities in the 2 dm

to 1 m class for AF ecotone stands ( 5/100 m2) are

similar to the FSV and FEA, levels for forest are much

higher (40/100 m2). Trees of both classes tend toward the

smaller end of the size scales, averaging 0.29 m and 1.6

m, respectively. The meadow stands have 4 trees/100 m2 in

the large reproduction class. However, they are generally

only 1 to 2 m tall, compared to the large trees occupying

similar locations in the FEA type. Yet, they are quite

vigorous, especially when compared to similar individuals

in the FC type.

Effectiveness of Tree Invasion

The effectiveness of tree invasion along the meadow-

forest interface of each ecotone type is a reflection of

dynamic and structural elements of the Abies procera

populations, as well as the occurrence of appropriate
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establishment microsites and temporally favorable

recruitment conditions. Population characteristics

important for this evaluation include tree vigor, age and

height structure, and recruitment patterns by ecotone

type.

Tree Vigor

Growth rate of Abies procera increases with tree

size. This complicity between size, particularly height

(Fig.47), and growth rate made it necessary to separate

the tree data into height classes for evaluation of tree

vigor among ecotone types. The height classes

delineations were made by plotting height for individual

trees against growth rate (height(cm)/age(years)), and

identifying height classes where growth rates were

relatively uniform (Figs. 48-52). Average growth rates

were calculated for height classes of 0.10-0.30, 0.31-

0.50, 0.51-0.99, 1.00-2.50, 2.51-4.00, and 4.51-8.00 m

within all ecotone types. Comparisons of growth rates

within the various classes were made among ecotone types

using a t-test (Little and Hill 1978) (Table 5). Not all

comparisons were possible, as some ecotone types had none

or too few trees for statistical validity in a particular

size class.

Only one comparison was possible for the 0.10-0.30 m

height classs. Growth was slower in the Festuca/Carex (2.0

cm/yr) than in the Aqrostis/Festuca (3.2 cm/yr) ecotone
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Figure 47. Complicity between height and growth rate in Abies
procera. 1979 growth increment = leader growth in that year.
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Table 5. Seedling and Sapling Growth Rate Comparisons
(paired t-test) between
height growth/year. * =
made are indicated with
significance in parentheses.

Tree Ecotone
Size Class Type

Abies procera Ecotone Types. X = cm
value. Comparisons

or the level of

Comparisons
Made

single observed
NS = non-significant

0.10 m PC 75 2.0 0.011 FC-AF(0.001)
to FSV 1 2.0* -
0.30 m PEA 0 -

AP 13 3.2 0.008

0.31 m FC 52 3.3 0.038 FC-FSV(NS)
to FSV 3 3.0 0.010

0.50 m FEA 1 2.0* -
AP 0 - -

0.51 m FC 44 4.2 0.016 FC-FSV(NS)
to FSV 3 3.7 0.006 FC-FEA(NS)

0.99 m FEA 3 4.0 0.020 FSV-FEA(NS)
AP 0 - -

1.00 m PC 240 9.0 0.130 FC-FEA(NS)
to FSV 22 9.0 0.219 FC-AP(NS)

2.50 m PEA 26 8.8 0.251 FSV-FEA(0.10)
AP 10 13.9 0.045 FSV-AF(0.010)

FEA-AF(0.001)

2.51 m FC 34 13.0 0.072 FC-FSV(0.100)
to FSV 14 16.1 0.043 FC-FEA(0.100)

4.50 m FEA 28 15.4 0.030 FSV-FEA(NS)
AF 1 24.0*

4.51 m PC 9 17.8 0.044 FC-FSV(0.001)
to FSV 18 25.1 0.044 FC-FEA(NS)

8.00 m FEA 15 22.0 0.048 FSV-FEA(0.10)
AF 0 - -
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type. No significant differences between ecotone types

were identified among the 0.31-0.50 m tall trees.

However, only the FC type had a substantial number of

seedlings in this class.

Comparisons for the 0.51-0.99 m height class showed

no significant differences, but the AF ecotone type did

not have any trees of this size. Growth rates for the

other three ecotone types ranged from 3.7-4.0 cm per year.

AF type did show significantly more rapid growth (at the

0.001-0.01 levels) at 13.9 cm/year in the 1.00-2.50 m

height class than trees in the FSV or FEA. The only

significant difference between the FC (9 cm/yr), the FSV

(9 cm/yr), and the FEA (8.8 cm/yr) ecotone types was

between FSV and FEA at the 0.100 level.

Growth rates for the 2.51-4.00 m and 4.51-8.00 m

height class show trees of the FSV and FEA are growing

more rapidly than trees in the FC ecotone type. Also, the

trees of the FSV have more rapid growth than trees in the

FC.

These comparisons indicated more rapid initial growth

rates for trees in the AF than all other ecotone types,

where initial growth rates are similar. Trees greater

than 2.5 m tall appear to grow more rapidly in the FSV and

FEA ecotone types than in the FC type. The general trend

in growth rate among the four ecotone types is AF > FSV >

FEA >FC.
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Age and Size Structure

The Festuca/Smilacina/Viola ecotone type has lowest

average density of trees less than 8 m tall (8.4 trees/100

m2 ), preceded by the Festuca/Elymus/Agrostis type at 10.8

trees/100 m2 (Table 6). Most of the trees in these two

types fall into the larger height classes, which together

span the 1.00 to 8.00 m tall range. The Agrostis/Festuca

type had an average density of 18.3 trees/ 100 m
2 and the

Festuca/Carex averages 43.6 trees /l00 m2. Both have a

shift toward greater numbers in the shorter height classes

(Table 6). Overall height averages for each ecotone type

indicate 1) similar stature for FSV and FEA, where

invasive trees average 3.3 m and 3.6 m respectively; and

2) comparatively lower stature for AF and FC where average

heights, are 0.91 and 1.4 m, respectively (Table 7).

Ecotone type averages for age indicate that trees are

younger in AF ecotones (9.8 yrs) compared to the other

three types, which range from 20.2-22.5 years -(Table 7).

Better resolution of both height and age structure

can be obtained by examining differences between ecotone

types within specific height classes. For all height

classes larger than 0.5 m FEA has higher densities,

greater height, and greater ages than FSV. In the 0.21-

0.30 m and 0.31-0.50 m classes, FEA has no trees whereas

FSV posseses a few such individuals (1/100 m2). Ages

among height classes greater than 0.5 m tall are similar

within each ecotone type. The range for FEA is 21.1-23.4
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Table 6. Abies procera density/100 m2 by height class for

ecotone type. Area sampled in parentheses, n = number of

stands sampled.

Size class FEA(n=§) FC(n=12), AF(n=3) FSV(n=6)

(800 m ) (1600 re) (400 m ) (1000 re)

All 10.8 43.6 18.3 8.4

0.20-0.30 0 9.1 11.6 0.4

0.31-0.50 0 8.8 0.8 0.7

0.51-0.99 1.7 7.5 0.8 1.1

1.00-2.50 3.1 15.4 2.5 2.3

2.51-4.50 3.4 2.1 2.5 1.5

4.51-8.00 2.6 0.6 0 2.4
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Table 7. Average Age (yr) and Height (m) of Abies procera

by Height Class for Ecotone Type. * = single observation.

Size Class X HT

FEA

n X AGE n X HT

FC

n X AGE n

All 3.6 77 22.5 73 1.4 442 21.9 442

0.20-0.30 0 0 0.21 55 11.1 55

0.31-0.50 0 0 0.38 53 13.4 53

0.51-0.99 0.68 4 22.6 4 0.74 45 23.3 45

1.00-2.50 1.8 25 21.1 25 1.6 247 24.3 247

2.51-4.50 3.3 27 23.4 27 3.3 33 30.0 33

4.51-8.00 6.7 21 23.3 21 5.9 10 31.9 9

AF FSV

All 0.91 27 9.8 27 3.3 68 20.2 62

0.20-0.30 0.29 14 8.7 15 0.25* 1 15.0* 1

0.31-0.50 0.33* 1 10.0* 1 0.42 2 19.0 2

0.51-0.99 1.0* 1 17.0* 1 0.79 3 22.0 3

1.00-2.50 1.6 10 10.4 10 1.9 23 20.8 23

2.51-4.50 3.1* 1 13.0* 1 2.6 15 18.5 15

4.51-8.00 0 0 5.9 24 21.2 18
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years and for FSV, 18.5-22.0 years. Trees in the taller

height classes are growing more vigorously than those in

the shorter classes.

The FC type is unique in terms of its high overall

density. Stands of this type tend to be crowded with

small trees, particularly those trees ranging in height

from 1.00-2.50 m(density = 15.4 trees/100 m2). Even

though FC is almost entirely dominated by smaller

individuals, the 2.51-4.50 m height class possesses a

density of 2.1 trees/100 m2. This value is intermediate

to those found in FEA and FSV. The age distribution at FC

ecotones suggests continuous recruitment. Trees 2.51-

8.00m tall average in age from 30.0-31.9 years old, trees

0.51-2.50 m tall average 23.4-24.3 years old, and trees

less than 0.50 m tall average 11.4-13.4 years old.

The AF type has densities of 2.5 trees/100 m2 for

both the 1.00-2.50 m and 2.51-4.50 m height classes, but

no trees in the 4.50-8.00 m class. Greatest abundance of

trees (11.5/100 m2) occurs as seedlings in the 0.21-0.30 m

height range. AF trees in all size classes are more

vigorous and younger than those on other ecotone types.

Annual Recruitment

Recruitment patterns vary among ecotone types and, to

a lesser extent, among sites within a type. Peak

establishment years are related to variations in a

multiple factor set which includes at least the following
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parameters: 1) water content of spring snowpack, 2) amount

and distribution of summer precipitation, 3) seed

availability, 4) both inter- and intraspecific

competition, and 5) ecotone type mesohabitat

characteristics. The effects of the first four

characteristics are differenct in each ecotone type and

this is probably due to typal differences created by the

fifth. Hypotheses for specific recruitment patterns have

been generated for each ecotone type by comparing peak

years of establishment with three of the above variables

(Figs. 53 and 54). Figure 53 presents data for water

content of April snowpack on the summit of Marys Peak

(George 1973, 1973-1981), total monthly precipitation for

June, July and August (National Oceanic and Atmospheric

Administration 1940-1983) from a low elevation Marys Peak

site, and yearly levels of cone crop production (Franklin

et al. 1974, Franklin 1981). Figure 54 depicts the

distribution of established trees over time for all sites

sampled within each ecotone type.

At least for the time period in question, the

Festuca/Carex type exhibits the most continuous

recruitment in the greatest numbers (Fig. 54). However,

with the exception of site 9, seedling establishment

within individual sites (2, 3, and 4) is continuous up to

a peak, followed by a steady decline in recruitment of new

individuals (Fig. 54). Certainly, new invasion might

begin at the leading edge of the ecotone stand. In some
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Figure. 53. Precipitation, snow water content, and cone production
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instances where the ecotonal area has extended length,

heavy Abies procera seed may not often reach the meadow

edge, Although, probably more serious than seed source is

the abutting graminoid vegetation.

Concordance of peak establishment years with seed

availability and weather patterns give indications of

favorable conditions for seedling survival. For the FC

type, years when greatest numbers of trees established

include 1969, 1967, 1964, 1961, 1962, 1949-1951, 1946, and

1941. There was heavy April snow pack, below average

summer rain in 1969, and a very heavy cone crop the

preceeding year. Both 1966 and 1967 had relatively high

snowpack, below average rainfall, particularly for the

month of June. Additionally, 1965 was a heavy cone

producing year. Snowpack was above average and rainfall

average in 1964. In 1962 rainfall was low to average and

1961 was heavy cone year. June rainfall was low in 1961.

FC site number 4 had active recruitment between 1949 and

1951. Snowpack was extremely heavy in 1950 and the seed

crop probably good. Thus, seed input was high in 1951

while summer precipitation was low. Snowpack was above

average in 1946 and 1949, and June rainfall was low in

1949.

Implications are that favorable seedling

establishment conditions for the FC ecotone type are

generated by late lying snow, alone or in combination with

low June rainfall and/or high August rainfall. Situations
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where snowpack is low but June precipitation low and

August precipitation high may also produce conditions

favorable for establishment. Under favorable

establishment conditions, small peaks in recruitment

occurred even when cone crops were light (Figs. 53 and

54). Conversely, in years of good cone production but

unfavorable conditions, few seedlings establish.

Recruitment pattern in the FestucaJElymus /Aarostis

and the Festuca/Smilacina/Viola types are similar to one

another but unlike the FC type. Recruitment appears to

occur at a low but continuous rate, interrupted by flushes

of establishment (Fig. 54). Major tree invasion years

include 1961, 1959, 1956, and 1951. No snow data exist

for 1956. However, the other years had lower than average

(1961, 1959) to very low (1951) April snow water contents.

No consistent pattern was noted in summer precipitation

levels among these invasion years, though it may be higher

than average for some months.

The Agrostis/Festuca ecotone type recruitment

patterns, like the FEA and the FSV, are related to

amelioration of environmental effects. Invasion is fairly

recent, but peak years occur in 1971 and 1968. The common

link between these years is above average summer

precipitation, particularly in August.
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Microsite Availability and Recruitment

The generalizations derived from nonparametic ranked

correlations of seedlings and germinants with substrate

types and reproduction size cover of Abies procera are

weak (Table 8), partly because of unaccounted for

variables such as seed input. Kendall coefficients were

significant in all cases for exactly the same variables as

Spearman coefficents. However, the level of significance

was generally slightly higher in the latter case.

Correlations between the independent variables,

seedlings and germinants, and the dependent substrate

variables occupying meadow stands indicated no significant

relationships in any of the ecotone types. Herbaceous

litter dominates all meadow stands, leaving the remaining

variables with minimal cover values (Figs. 55 and 56).

The absence of a negative correlation between seedlings or

germinants and herbaceous litter should not imply a

neutral effect of this substrate on Abies procera

recruitment. In many cases, the number of seedlings and

germinants is so small that correlation coefficients could

not be computed. Also, seedlings or germinants sampled in

the meadow stands may occur in microplots where the cover

of herbaceous litter is interrupted by moss, mineral soil,

or diffuse forest litter. Due to logistical problems, the

data were not collected as numbers of seeedlings or
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germinants occurring on a given percentage of a particular

substrate within each microplot, but as total numbers and

total percent covers per microplot. Thus, individual

seedlings or germinants may be situated on substrates

which ameliorate the effects of heavy graminoid litter.

The four Abies procera ecotone types exhibit

distinctly different sets of significant correlations

relating covers of substrate and Abies procera

reproduction to numbers of germinants and seedlings (Table

8) for their ecotone and forest stands. In the

Festuca/Carex ecotone, seedlings are correlated with

mineral soil and forest litter. Exposed mineral soil

might be expected to provide good microsites for seedling

establishment in the semi-shaded ecotone stands where heat

loads and evaporation would be reduced compared to meadow

stands. There is a correlation between FC type ecotone

stand seedlings and mineral soil. However, in these sites

exposed soil is the result of rodent activity, thus,

seedlings or germinants might easily be uprooted or

destroyed by recurrent rodent visits. Additionally, the

areas invovled are small (i.e. 0.05-0.10 m2 ) and once

abandoned, they would rapidly be recolonized by

rhizomatous plant species. Some seedlings might survive

this renewed competition, but the evidence of mineral soil

would be diminished or absent. Possibly, rodent activity

is spatially consistent from year to year, so the

disturbances are located near to each other. Another
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Table 8. Significant Spearman Ranked Correlations of
Germinants and Seedlings with Microsite Variables for each
Ecotone and Stand Type. * < .05 >.01, ** < .01 >.001, ***
<.001. S = seedlings, G = germinants.

Microsite
Variable

Mineral Soil
meadow
ecotone
forest

% Cover Moss
meadow
ecotone
forest

% Cover
Herb Litter
meadow
ecotone
forest

% Cover
Forest Litter
meadow
ecotone
forest

Forest Litter
Depth (cm)

meadow
ecotone
forest

Herb Litter
Depth (cm)
meadow
ecotone
forest

% Cover
Abies procera

meadow
ecotone
forest

Number of
Germinants
meadow
ecotone
forest

FC AF FEA FSV

G S G S G S G

*
_ *

** ***
*** _ **

** *** **
*** ***

no data
* * -*

_ ** _*

no data

* *
* * *

_ *

*

* *
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explanation for the relationship might be reduction of

competition and subsequent facilitation of small seedling

survival adjacent to gopher mounds rather than direct

seedling establishment on the mounds. The negative

correlation of mineral soil with germinants within forest

stands is probably an artifact of the low percentage cover

(0.02%) of mineral soil in these locations (Fig. 55).

High correlations exist among both seedlings and

germinants with forest litter in the forest and ecotone

stands of the FC type. The validity of these

relationships may be limited, since they reflect the

disproportionate abundance of conifer litter over other

substrates in these stands (Figs. 55 and 56). Yet, it is

reasonable to assume forest litter would produce a more

easily penetrable substrate for young roots than the

heavily graminoid herbaceous litter common to the FC type.

This premise is supported by the lack of correlation for

seedlings with herbaceous litter cover, and by the

negative correlations of germinants in ecotone stands with

herbaceous litter.

The graminoid litter in these ecotone stands is

interdigitated or diluted with conifer litter or moss.

Moss appears to offer microsites favorable for germination

and establishment (Table 8). This may be the result of 1)

seedling root penetration through the moss mat, or 2) the

diminished stature or absence of herbaceous competitors

often associated with moss cover. Correlations of
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seedlings with cover of reproduction size Abies procera

may suggest amelioration of microsites through 1)

reductions in competitor cover via shading and root

competition of the trees with the herbaceous taxa, and 2)

deterioration and thus increased penetrability of the sod

layer.

The significant co-occurrence of seedlings and

germinants indicates that where conditions are suitable

for germination and root penetration, the environment is

also adequate for inital seedling establishment. The

ultimate survival or vigor of these seedlings is not

depicted in this information. However, there is a

negative relationship of germinants to reproduction size

trees. This may result from high densities of established

seedlings or saplings currently occupying this space, thus

density dependant mortality appears to be in operation.

The Agrostis/Festuca ecotone type has a comparatively

high cover of exposed mineral soil (Fig. 55). Most of the

bare ground results from soil creep that is associated

with steep, shallow-soiled slopes. Germinants and

seedlings were not correlated with mineral soil but were

associated with forest and herbaceous litter. This is not

unreasonable, since many seedlings are probably unable to

survive shifting by surface soil, or summer droughty

conditions of exposed mineral soil coupled with high

evapotranspiration loads on warm days.
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Unstable soil conditions along with root competition

from mature trees probably influence litter

characteristics by disrupting the sod layer within ecotone

stands and allowing freer root penetration by tree

seedlings. The litter in ecotone stands tends to be

fairly heterogenous, with large amounts of both herbaceous

and coniferous components (Fig. 56). Litter in forest

stands is dominated by Abies procera needles, but there

are patches of herbaceous debris associated with scattered

forbs and grasses. The much greater proportion of mineral

soil in the forest compared to ecotone and meadow stands

of the AF type indicates that soil stability is enhanced

by herbaceous vegetation. It may also be assumed that

while sod layer might be deteriorating it would also

diminish soil creep as compared to forest litter. Areas

where forest litter depth was greatest, or cover

continuous, were expected to have escaped recent surface

soil movement. The existence of forest microsites lacking

exposed soil are possibly related to heavy build-up of

conifer litter, random mass movement patterns, or

seedlings and small established trees that have stabilized

the soil in their vicinity.

Significant correlations of germinants and seedlings

were with forest and herbaceous litter covers and depths.

This may suggest that favorable establishment

microhabitats offset the negative effects of soil creep,

moisture, and temperature conditions related to exposed
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mineral soil. It would appear that while soil creep

enhances seedling establishment by reducing obstacles to

root penetration, it also has direct and indirect

deterrent properties. The direct influence comes from

probable uprooting of germinants. Indirect effects likely

include reduced soil moisture and greater temperatures of

mineral soil compared to litter covered microsites. Here,

unlike in the FC type where root penetration is a problem,

increasing litter depth provides increasing protection

from disturbance and drought.

Neither the Festuca/Elymus/Agrostis or the

Festuca/Smilacina/Viola ecotone types exhibit many

significant correlations of germinants or seedlings with

substrate types. This is related in part to the abundance

of larger reproduction size trees which tend to limit

light and probably other resources, thus disallowing the

establishment, or causing suppression, of seedlings. The

microsites in which these cohorts established are now

obscured by the effects of shading and litter deposition.

This situation is particularly evident in the FSV where

the only significant correlation was between germinants

and forest litter depth. Such a relationship reflects

proximity to the seed source.

The FEA is characterized by negative correlations,

with the exception of the positive relationship between

seedlings and germinants. While these results provide no

definition of favorable microsites, they do indicate
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habitat conditions potentially detrimental to seedling

establishment. For example, both germinants and seedlings

are negatively correlated with cover of Abies procera

reproduction, suggesting competitive exclusion of new

individuals within ecotone and forest stands. The

negative relationship with forest litter depth may reflect

dry summer moisture conditions, since deep litter would

percolate limited precipitation inputs rapidly to the

soil, possibly beyond the reach of small seedlings roots.

Perhaps most conspicuous is the lack of correlations

of seedlings or germinants with forest litter in the FEA

stands. The probable cause for this is the topographic

location of the FEA on northly facing slopes. Pevailing

winds are from the SW, consequently, seeds tend to be

blown away from the forest edge and into closed forest,

often beyond the distance of sampled forest stands.

Additionally, meadow and ecotone stands are uphill from

seed producing trees so that even on still days seeds

would fall greater distances from the dispersing tree in

the downslope direction.

Direct Gradient Analysis

The distribution of height classes of Abies procera

and associated herbaceous species across the ecotones are

markedly different between ecotone types (Figs. 57-64).

Direct gradient depiction of these distributions

illustrates structural characteristics associated with



recruitment of tree seedlings and

interactions. In the forest

Festuca/Smilacina/Viola site 6 (Fig.

mature trees ( 120 cm DBH), and
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probable competitve

stand of the

57) there are large

then, moving toward

meadow, an ecotonal gap followed by bands of smaller,

dominant trees (25-40 cm DBH). The distribution of large

reproduction size trees (1 m to subcanopy) in the FSV

site, with the exception of the 30-35 m segment along the

transect, tends to be associated with gaps in the canopy

The peak of reproduction cover coinciding with dominant

tree cover along the 30-35 m segment probably represents

one or two peak establishment events. It is likely that

both the dominants and large reproduction size trees (5.2-

6.8 m tall at this location Fig. 58) are similar in age.

Trees in the 30 m subplot average 18.5 years old.

Reproduction size trees, averaging 3.4-4.2 m in height and

occurring at the 15-25 m distance where dominant tree

cover is high, are smaller than either these peak

establishment trees or the gap trees (averaging 4.8-6.5 m

tall) which occur at the 40-60 m interval along the

transect. Average ages are similar, ranging from 20-22

years. However, maximum ages tend to be greater for the

understory trees. This would suggest these trees are

suppressed and better growth conditions are available in

the gap.

The distribution and compostion of herbaceous

vegetation varies with distance along the transect.
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Within the meadow stand Festuca rubra has the greatest

percent cover (55-60%), followed by Viola glabella (50%)

and Smilacina stellata (37-46%). Other prominant species

include Carex californica (12-25%) and Pteridium actuilinum

(11-16%). Neither the fern or sedge respond optimally

where late-lying snow is present. Drifted snow is common

to FSV sites, particularly near the dominant ecotonal

trees.

While trees are not currently establishing in the

meadow stand of this site it is clear that at some time an

invasion pulse or pulses occurred, followed by back

filling of the ecotonal gap with younger trees. Tree

cover subsequently altered the herbaceous vegetation, via

shading and probably

occupying the 20-40 m

substantial decrease

root competition.

segment of the ecotone

In the

there

or dropping out of most

area

is a

meadow

species. There are no prominant strictly ecotonal taxa as

herbaceous species occupying ecotone stands are meadow

taxa. Forest stands exhibit low herbaceous cover, in this

case, Montia sibirica being the dominant. There is a

small peak in herbaceous cover at 30 m where dominant

Abies procera drops.

Herbaceous vegetation within the ecotonal gap (40-60

m) is not as diminished in cover as in the 20 to 40

segment. However, there are large shifts in dominance

patterns compared to the meadow stand. For example,

Elymus glaucus and Pteridium aquilinum increase over their
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respective meadow abundances. While Viola glabella

increases over the 20-40 m area, it does not reach meadow

values.

The Festuca/Carex type commonly possesses the wave

pattern distribution of dominant trees observed in the FSV

type. However, in the FC type the gaps are narrower.

Figure 59 depicts this kind of distribution pattern for FC

site 2. Representative mature trees in the forest stand

have DBH of 60 cm whereas, ecotonal dominants may be 20

cm. Large reproduction size trees (1 m to subcanopy) for

the FC tend to be at the lower end of the height scale.

Here, they range from 1.1 to 3.7 m (Fig. 60). The smaller

trees less than 1 m are numerous and are comprised of many

germinants and seedlings (Fig. 59).

Carex californica is the meadow dominant at site 2

(Fig. 59). It exhibits 63% cover at the outer edge of the

meadow stand decreasing to 30% toward the ecotone stand

where influences of shading and root competition from

trees may occur. Festuca rubra is co-dominant but

secondary to C. californica at the outer edges of the

meadow stand. However, this grass increases in cover at

the 10 m segment, where the sedge abundance is reduced by

half. This may be related, in part, to greater tolerance

by F. rubra to detrimental effects of trees. However, in

years when snow loads are high, this area could be

expected to retain snow longer and possess drifts of

greater depth than more open portions of the meadow
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stands, thereby generating a reduction in Carex cover and

vigor. Both Carex and Festuca decrease across the ecotone

stand to the 35 m segment, where an opening in the

dominant tree canopy occurs. At this location, C.

californica increases to 16% while F. rubra had already

dropped out of the ecotone. Smilacina stellata is common

in both ecotone and forest stands, but reaches its peak

here.

Highest cover for both reproduction size classes of

trees occur where there is increased light and/or

decreased cover of Carex californica. The larger

reproduction size trees exhibit peaks in cover at 15 to 20

m and at 30 m on the distance gradient (Figs. 59 and 60).

The 15 to 20 m segment is at the ecotone edge, where

Carex cover is decreasing. Trees at the 30 m location are

growing where Carex cover is lowest and where light is

available from the canopy gap. The meadow edge trees

range in age from 12 to 25 years (average = 17 years),

with average height of 1.8 m. Trees occupying the 30 m

location range in age from 16 to 33 years (average = 21

years), with an average height of 2.8 m. Large

reproduction size trees occupying the 25 m segment occur

at less than 10% cover. Similarly low cover for this size

class is found at the 35 to 40 m segment, where light is

available but C. californica cover increases and Smilacina

stellata peaks in abundance. However, for Abies procera

less than 1 m tall, cover is higher (29%). The age and
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height averages for these small trees are similar to

trees found in the 15 to 20 m segement, but reduced

compared to the understory reproduction sized trees. This

implies earlier establishment in the understory areas

which have lower abundance of Carex californica.

The Festuca/Elymus/Agrostis ecotone type is

characterized by a wall of invading trees at the forest

edge and scattered individual trees in meadow stands.

This situation prevails at site 11 (Fig. 61). The meadow

trees are vigorous, averaging 5.2 m tall with an average

age of 24 years (Fig. 62). The large reproduction size

trees in the ecotone stand (10 to 20 m segement) range in

age from 15 to 28 years and in height from 1.4 to 6.0 m.

Trees of this size occupying the edge of the forest stand

(20 to 25 m) are slightly older and taller, ranging from

22 to 25 years in age and 2.1 to 6.5 m in height. Forest

edge reproduction individuals do not appear to suffer

excessively from shading. The ecotonal dominants and

reproduction trees do not yet form a completely closed

stand. Cover of trees less than 1 m tall is low, never

exceeding 3% in the ecotone and completely absent from the

forest stand. Trees in the forest stand are range from

43-68 cm DBH.

Senecio trianoularis (32% cover) dominates the meadow

stand, followed by Smilacina stellata (22%). Next in

abundance are the graminoid species Festuca rubra, Carex

californica, and Agrostis diegoensis. Effects of
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interference and shading from trees on meadow vegetation

increase along the meadow to forest distance gradient.

There is an initial increase in E. stellata and Lupinus

albicaulis in the 5 to 10 m meadow segment. This may be

associated with a corresponding decrease in S.

triangularis. Lupinus albicaulis continues to decrease

through the ecotone, while S. stellata, apparently more

shade tolerant, increases to its highest levels and is the

herbaceous forest dominant.

The Agrostis/Festuca type is generally characterized

by recent invasion. Site 8 exhibits large numbers of

small trees ranging from germinants and seedlings less

than 2 dm tall up to 1 m (Fig. 63). These small trees

extend from the ecotone through the forest stands. A band

of larger reproduction trees is located at the meadow edge

of the ecotone. These trees range in height from 1.1 to

3.1 m, and in age from 8 to 13 years (Fig. 64). Forest

trees are large, with DBH up to 138 cm.

The meadow vegetation is dominated by the grasses

Agrostis diegoensis and Festuca rubra (Fig. 63). Carex

californica is also prominent. Rumex acetosella, a

ruderal species common in areas of soil disturbance, is

present in covers ranging from 25 to 35%. Penstemon

cardwellii, a low growing subshrub of rocky sites, has

17% cover. Carex californica decreases from 29 to 11%

cover from the meadow edge to the ecotone edge within the

meadow stand. Festuca rubra remains relatively constant
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(20 to 29%) over the same distance, while that of Agrostis

diegoensis increases from 16 to 52%, producing a heavy

sward of grass.

The ecotonal area of the AF type exhibits the least

change of any type in terms of meadow taxa abundance.

There is a gentle decline in cover of most prominent

species across the ecotonal segment (30-40 m),

particularly in Festuca rubra (Fig. 63), with Festuca

subulata increasing as F. ,rubra decreases.

The large reproduction size trees are located at the

meadow-ecotone edge, where Carex californica cover had

declined substantially. Smaller trees are common in the

ecotone stand where abundance of this sedge is low.
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V. Discussion

Most tree establishment on Marys Peak occurs at or

near the forest edge, so invasion is relatively slow.

Abies procera is the most common invader. Pseudotsucla

menziesii does occur on southwest and western slopes, but

rarely establishes in adjacent open meadow or along the

forest/meadow margin, possibly due in part to more

pronounced summer desiccation, exposure to high winter

winds, or ice pelting. Also, many of the trees are young

(approximately 50 years old) and are perhaps not producing

viable seed. While P. menziesii can begin producing seed

at 10 years of age with appreciable amounts potentially

produced at 30 years, maximum seed production does not

occur until 200-300 years (Fowels 1965). A third

possibility is that because of smaller seed size, P.

menziesii seedlings may be less able to penetrate meadow

sod than seedlings of A. procera. Additionally, at some

locations along the P. menziesii ecotones, there are

colonies of Applodontia rufra (mountain beaver). These

small mammals may disrupt seedling roots with their

tunneling activity.

The distribution of the Abies procera ecotone types

across the forest/meadow margins occupying the summit

areas of Marys Peak are influenced by gradients of light,

moisture, and growing season length. There is a trend

among the ecotone types toward decreasing light and
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presumably decreasing heat in the order Festuca/Carex,

Festuca/Smilacina/Viola, Agrostis/Festuca, and

Festuca/Elymus/Agrostis. This ordering is predominately

related to aspect, with FC sites commonly occurring on

southern aspects, FSV on western bottom slope and northern

ridge slopes, AF on eastern slopes, and FEA on leeward

northern exposures. The arrangement of sites within each

ecotone type along the soil and snow depth gradients,

along with ordering by an artificial moisture index

(Appendix A) depict moisture availability such that FEA >

FSV > FC > AF.

Variation in physical site characteristics between

types influence meadow species composition and structure.

Disturbance and competitive interactions may also have a

role in the determination of meadow structure.

Competition is expected to have little effect in stressful

habitats, but as site productivity increases the intensity

of competition increases (Grime 1979, Del Moral 1983). In

productive areas where microsite heterogeneity is

maintained by frequent disturbance, the effects of

competition may be reduced and the persistence of ruderal

species permitted, even in situations where strong

interference prevails (Del Moral 1983). The meadow

vegetation associated with the Abies procera ecotone types

is highly productive, with total absolute cover values

ranging from 127 to 252%. Except for occasional rock



136

falls and frequent soil creep in the AF, there is little

disturbance in the meadow stands of these ecotone types.

Plants of strong competitive ability dominate these

lush habitats; they are characterized by rapid growth

rates, rhizomatous habit, and a persistent litter layer

(Del Moral 1983). Other competitively advantageous

mechanisms result in rapid production of high densities of

shoots and roots, and/or rapid height growth resulting in

vertical ascendancy (Grime 1979). The dominant taxa

occupying ecotonal meadow sites on Marys Peak tend to be

rhizomatous graminoids and tall or rhizomatous herbs. A

persistent litter layer is always present, but

particularly pronounced in graminoid dominated locations.

Del Moral (1983) found that moisture and snow melt

generated a productivity gradient affecting the importance

of competition in a meadow vegetation mosaic in the

Olympic Mountains. Reciprocal transplant and removal

experiments showed 1) the intensity of competition was

directly related to productivity, and 2) habitat

heterogeneity and local disturbance interact to control

biotic interference. Del Moral (1983) attempted to rank

the importance of competition within vegetation types.

The moisture and snowmelt gradient encountered in the

Olympics was much wider than that spanned by the Abies

procera ecotone types. However, several of the Olympic

meadow vegetation groups are similar in physiognomy to

those on Marys Peak and are comprised of some of the same
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genera. The Olympic vegetation groups, ranked in order of

decreasing competition, are: Festuca mesic grasslands

(which resemble the lush swards of Festuca rubra and Carex

californica which dominate the FC) > Lupinus dominated

herb fields (similar to FSV and FEA) > xeric Festuca

sites (similar to AF). These comparisons are obviously

indirect, but they suggest relative importance of

competitive interference among the Abies procera ecotone

types of Marys Peak in the order FC > FSV > FEA > AF.

Competition may result in high dominance and low

diversity in stable habitats, whereas stress and

disturbance can limit diversity directly in unproductive

habitats (Del Moral 1983). Both situations can be seen

among the meadow vegetation associated with the Marys Peak

ecotone types. The FC (127% total cover) possesses high

dominance, with Festuca rubra (38% cover) and Carex

californica (41% cover) the only two species with cover

greater than 10%. Most of the other 19 taxa in this type

have cover less than 5%. Part of the dominance exhibited

by F. rubra and C. californica is related to growth form

(sensu Harper 1977). Production of tillers allows rapid

spread of clones and facilitates build-up of litter.

These taxa are efficient at lateral spread, which gives

them a competitive advantage in capturing both space and

resources. They also produce a physical barrier via

persistent litter that limits seedling establishment of

other species, as well as the expansion of rhizome systems
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of less aggressive or less vigorous genets of the same

species.

At the opposite end of the presumed competitive scale

is the AF ecotone type (159% total vascular plant cover).

Here species richness is low, with 12 vascular plant

species in the meadow stand. Dominance is dispersed among

several species, including Agrostis diectoensis (35%

cover), Festuca rubra (28% cover), Rumex acetosella (30%

cover), and Carex californica (18% cover). Environmental

conditions in the ecotone type are at the low end of the

moisture gradient with shallow, rocky soil, steep slopes,

and average snowpack. Additionally, the skeletal soil and

steep slope facilitate solifluction and rockfall.

Consequently, greater moisture stress and more frequent

small scale disturbance occur at these locations than in

other ecotone types. Moisture stress may prohibit the

occurrence of mesic to wet site forbs and limit the

competitive ability of F. rubra and C. californica,

shifting the advantage to A. diegoensis. Continual

disturbance by soil creep to the graminoid sward permits

the presence of high levels of the ruderal Rumex

acetosella. It is likely that in the AF type stress and

disturbances greatly reduce the effects of competitive

interference.

Both FSV and FEA ecotone types are expected to have

an intermediate level of competition. This may appear

contradictory in terms of productivity, since FSV (252%
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cover) and FEA (154% cover) have higher vascular plant

cover in meadow stands than FC (127% cover). The

prediction of greater importance of competition with

increasing productivity by Del Moral (1983) and Grime

(1980) may need to be modified by considering the growth

forms of competing species. Moisture, temperature, and

growing season conditions cause a shift in structure from

dominance of rhizomatous graminoids to relatively greater

abundance of tall and rhizomatous forbs. While the latter

life forms are better able to exploit vertical space and

often deeper moisture reserves, they do not exhibit as

much proficiency at lateral spread. High densities are

not so quickly achieved by the herbs, nor do they produce

a canopy as closed as do graminoids. Moreover, the

litter produced by the non-graminoids is less persistent

and more easily penetrated by seedlings.

A plant's neighbors are vital components of its

environment (Harper 1977), so these herbaceous assemblages

are coupled with the abiotic environmental characteristics

to form unique tree invasion habitats for each ecotone

type. Forest expansion, then, is limited not only by

physical factors, but also by competitive interference

from herbaceous assemblages that negatively affect tree

seedling establishment and growth. Both the pattern and

effectiveness of Abies procera invasion into the meadows

are related to these interactions.
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The greatest number of invading trees occur along the

sedge-grass dominated FC ecotones, followed distantly by

the grass dominated but frequently disturbed AF, then the

forb dominated FEA and the forb-grass dominated FSV.

However, the greatest growth rates occur in a nearly

reversed order: AF > FSV > FEA >FC. This order is

concordant with the expected pattern of increasing

competition. Similar invasion patterns were noted by

Franklin et al. (1971) for Cascade subalpine meadows and

by Kuramoto and Bliss (1970) for Olympic Mountain meadows.

Franklin et al. found high invasion intensity but low

growth rate in a short forb-Carex community that possessed

a dense turf of Carex. In a lush community of tall

flowering forbs, he described invasion intensity as low

but the tree sapling growth rate as quite high. Kuramoto

and Bliss (1970) found scattered saplings in forb

communities, but in Festuca dominated mesic grass

communities they noted invasion always occurred from the

forest edge as a narrow band of saplings.

On Marys Peak, the FC type has the greatest densities

of reproduction size trees, but they tend to be restricted

to narrow bands of establishment at the forest edge where

there is a reduction in graminoid cover. The effects of

this larger number of invasive trees on meadow

encroachment are probably reduced to some extent by their

older ages, relative to height, compared to trees in the

other three ecotone types. Recruitment in FC sites
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appears continuous up to a peak density, followed by a

steady decline in numbers of new individuals. The decline

is probably the result of intraspecific competition

related to high densities of seedlings and saplings.

Eventually, a temporary equilibrium of many suppressed

small trees may result. Certain individual trees may

outcompete their neighbors, subsequently shading them and

exploiting greater shares of resources. However, the

general crowding probably maintains this segment of the

population in a stressed condition of slow growth and in

complete niche exploitation.

Carex californica may be

permitting

Diminished

Reductions in cover of

particularly important in

initial pulses of tree seedling establishment.

cover and vigor of c. californica may result,

in part, from weather conditions unfavorable to this taxon

and, in part, from compositional and abundance changes in

herbaceous vegetation generated by the presence and growth

of larger trees.

Both the FSV and FEA exhibit wider ecotonal areas,

than does the FC, with walls of vigorous young trees and

the tendency for advance establishment of trees in meadow

stands. In the FSV type several older trees are present

at the leading edge of the ecotone stands and younger

trees occupy the intervening area between the older

ecotone trees and the mature forest margin. This would

suggest that better conditions for establishment and

growth are available in the gap than in open meadow, a
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phenomenon which may be related to changes in species

abundances in the gap compared to open meadow. Increases

in Elymus alaucus are probably associated with release

from competition with other graminoid taxa, and greater

shade tolerance than Festuca rubra and Carex californica.

Reduction in the cover of the latter two species is

possibly the result of shading and competition from

invading or dominant edge trees. Increases in Pteridium

aauilinum may be related to protection from the snow

drifts provided by ecotonal dominant trees. Certainly, it

is the trees which have modified the original meadow

vegetation. The larger ecotone trees as well as forest

dominants may have instigated decreases in overall

herbaceous cover, particularly among the graminoid taxa,

thereby facilitating tree seedling establishment in the

gap. Cover of immature trees drops off near the forest

edge of the gap. Possibly this is due to root competition

from the dominant trees.

Large reproduction size trees are present in the FEA

meadow stands and, presumably, the area between meadow and

ecotone trees will eventually be colonized. The FEA

meadow vegetation's high forb cover and heterogeneous

herbaceous litter do not prohibit seedling establishment.

The open growth forms of the dominant meadow taxa, Senecio

triangularis and Lupinus albicaulis, not only allow light

to penetrate the herbaceous layer but also interrupt the

graminoid cover, both by opening herbaceous canopy
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structure and by preventing formation of extensive

graminoid rhizome systems and accompanying sod build-up.

Additionally, changes will occur in the meadow area

between the scattered outlier trees and trees in the

ecotone. Possibly the rate of invasion will be enhanced

in this vicinity, as it appears to have been in the

ecotonal gaps common to the FSV. Within that portion of

the FSV and FEA ecotones more densely populated with

trees, high cover of vigorous reproduction size

individuals apparently restricts the establishment of new

trees. The low small reproduction cover exhibited in

these closed canopy situations is largely made up of

germinants that are not likely to survive.

Invasion is more recent in the AF type. Seedlings

are common throughout the ecotone and forest stand, and

larger reproduction trees are typically located at the

meadow edge of the ecotone. Meadow vegetation adjacent to

the ecotone exhibits a decline in cover of Carex

californica and an increase in Agrostis diegoensis,

possibly related to competitve effects of both dominant

and small reproduction size trees. However, snow may also

be influential, as this easterly location retains snow

patches longer than all but north slope areas. Diminished

Carex levels and additional moisture caused by late-lying

snow may allow increases in grasses. The drier summer

conditions of the shallow soil, and steep slope may favor

A. diecoensis over Festuca rubra, as the latter prefers
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more mesic situations. The distribution patterns of herbs

and Abies procera reproduction may imply that, as in the

FC type, reductions in cover of .. californica are

important for seedling establishment.

Consideration of the juvenile growth phase of Abies

procera provides insight into the difficulties this

species encounters in each of the ecotone types. Abies

procera seeds germinate well; however, seed viability is

low and growth rate slow (Franklin 1981). The root system

expands slowly, and a 3-year seedling may have a poorly

developed taproot and sparsely branched lateral roots

(Wilcox 1954). Slowly developing shoot and root systems

limit seedling establishment in highly competitive

situations, such as those encountered in dense meadow

vegetation. Initial growth patterns dictate microsite

requirements that permit rapid root penetration to the

soil, adequate and continuous moisture availability, and

adequate available light. Appropriate microsites vary

among ecotone types, since each maintains a different

abiotic environmental regime coupled with unique

competitve interactions. The scale of diversity acting on

seedling survival is not at the species level, but at the

life form level. Different relative percentages of forb,

sedge, and grass cover create different obstacles to tree

seedling establishment, both in terms of actual

competition for resources and in terms of physical

barriers or mechanical damage.
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Microsites that permit tree seedling establishment,

weather conditions that enhance microsite availability,

and coincident mast seed years all facilitate tree

invasion. While large quantities of viable seed

coinciding with microsite availability and climatic

conditions are important to the generation of large

invasion pulses, even small quantities of seed will allow

peaks in establishment during years when other conditions

are favorable.

Tree seedlings occupying the FC type have established

where there are interruptions of the heavy sod layer and

herbaceous competition. At the invasion edge, the

dominant trees reduce light, compete for moisture and

nutrients with meadow vegetation, and probably physically

disrupt the dense graminoid rhizome system and litter

layer. Microsites where seedlings occur are characterized

by the presence of forest litter, moss, exposed mineral

soil, or cover of Abies procera seedlings. Peak

establishment years are most common when there is heavy

spring snowpack, or when there in low June and

occasionally but not necessarily high August rainfall.

Greatest numbers of tree seedlings establish in years when

all three of these climatic conditions prevail. Late snow

delays the phenology or reduces vigor of the graminoids,

particularly Carex californica, which appears especially

sensitive to low temperatures or a truncated growing

season. Low June rainfall limits the vigor of the Festuca
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and Carex sward, thus reducing moisture utilization. The

resultant opening of the meadow canopy may also permit

surface soil infiltration of precipitation from light

summer storms and fog drip, which may be critical for the

shallow rooted Abies procera seedlings but of little use

to the more deeply rooted herbs. Higher than average

August rainfall may stimulate tree seeding growth but be

too late for the graminoid taxa which have already begun

to senesce following the hot dry period common in July.

Concomittant with reductions in graminoid cover would be

reductions in direct competiton, interception of moisture

and light, and obstruction of root penetration to the

soil. Finally, the diminished graminoid biomass probably

also reduces mechanical damage to seedlings under snow

loading of intact, still green Carex leaves.

Soil creep processes in the AF type, along with

shading, root competition, and sod disruption caused by

dominant trees bordering ecotone stands reduce

interference to seedling establishment by this grass-

dominated vegetation. Here disturbance, as a normal part

of the abiotic environmental regime, limits the role of

herbaceous competiton in the processes of tree seedling

recruitment. This release from herbaceous effects on

seedling establishment at greater distances from the

dominant trees expands the area open for tree

establishment compared to the FC type. However, not all

effects of soil creep are advantageous. Positive
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correlations of germinants and seedlings with herbaceous

and forest litters occur in the AF type. The indication

here is that favorable microhabitats for establishment

ameliorate the negative effects of soil creep, such as

uprooting of seedlings, and moisture and temperature

extremes of exposed mineral soil.

Years of peak establishment for the AF type appear

related to increases in moisture via above average total

summer precipitation and possibly late snow melt. These

trends, however, are based on a small number of

establishment years. The shallow soils and steep slopes

have poor water storage capacity and probably cause rapid

run-off of precipitation. Moisture deficits and heat

loads may be a problem in dry years, though localized fog

banks often occur on this leeward side of the peak. The

increase in cloud cover associated with above average

precipitation causes reduction of heat and

evapotranspiration loads on germinants and small

seedlings. The lack of clarity in weather pattern

requirements for AF may suggest that one or a series of

heavy snow pack years may have been a factor in reducing

Carex cover and allowing greater mass movement, in turn

slowing the regrowth of the Carex and graminoid sward.

The existence of specific microsites for seedling

establishment for both the FSV and FEA types is difficult

to assess. Many of the invading trees are in the upper

height range of reproduction size class trees. The nature
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of the microsites in which cohorts of these larger

individuals established is now obscured. It is clear,

however, that trees are able to establish within the open

meadow vegetation, particularly in the FEA type. The

herbaceous litter layer in these communities, while

persistent, is penetrable to roots of noble fir

germinants. Obfuscation of light is reduced in the

typically taller but more open forb-dominated vegetation

compared to the graminoid FC type. Additionally, the

crushing action of snow loading on top of herbaceous

vegetation, resulting in mechanical damage to seedlings,

is less pronounced on FSV or FEA sites than in FC

locations. This is because forbs possess leaves which

senesce before snow falls.

While my results did not indicate safe sites for

seedling establishment for either FSV or FEA, they did

depict potentially detrimental microsites within the FEA

type. The negative correlation of Abies procera seedlings

and germinants with immature A. procera individuals

suggests competitve exclusion of new individuals from

crowded ecotonal areas. Other negative relationships

exist between seedlings and forest litter and forest moss.

This probably reflects summer moisture deficits in forest

substrate.

Peak establishment years occur when spring snowpack

is low. Establishment is probably further enhanced by

above average summer precipitation. This situation has
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several possible implications for these ecotone types

which occupy north facing or western bottom slopes where

snow drifts occur. In late snowmelt years, 1) Abies

procera seeds may germinate prematurely on the snow and

die (Franklin and Krueger 1968), 2) soil temperatures due

to insulation from the sun and meltwater input may remain

too cool for germination or growth of seedlings, and 3)

late spring input of water may allow rapid growth of tall

forbs and grasses, causing draw down of available surface

water and subsequent tree seedling desiccation. Thus, the

ameliorating effect of low snowpack years may be related

either to extension of the growing season or reduction in

vigor of herbaceous vegetation.

The tree invasion patterns that occur on Marys Peak

share some commonality with meadow invasion events in

subalpine or montane areas of the Pacific Northwest, but

differences do exist. A drought period in the region from

1920-1940 permitted massive tree invasion in wet subalpine

meadows as a result of extended snow free periods during

the growing season (Brink 1959, Fonda and Bliss 1969,

Franklin et al. 1971, Agee and Smith 1984). The return to

normal moisture regimes brought the temporal environment

for seedling establishment to an end, and forest expansion

in these meadows did not continue (Agee and Smith 1984).

Numerous trees have established post-1940 at all locations

on the Marys Peak bald. While survival of new

individuals in FSV and FEA ecotone types is restricted to
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years with lower than average snowpack, such years still

occur in a period with normal moisture regimes. This

situation suggests that these two ecotone types are

functionally similar to the subalpine snow glades but are

less severely limited by climatic conditions because of

their montane nature.

Montane meadows in the Oregon Cascades exhibit

increased tree establishment during periods of cooler,

wetter weather (Vale 1981). Further, tree invasion was

more effective when a dry period was followed by wet

conditions, because meadow vegetation was reduced in cover

and vigor during the dry period (Vale 1981). It appears

that while reduction of competition in the Cascade meadows

facilitated tree establishment, it is not a requirement,

as is the case for the FC ecotone type on Marys Peak.

The apparent requirements for tree establishment in

the various ecotone types on Marys Peak encompass the

range of variability exhibited by both subalpine and

montane examples in the Pacific Northwest. Invasion into

subalpine meadows is limited by abiotic environmental

conditions. Successful invasion in the montane meadows

appears related to an interaction between requirements for

summer moisture and decreases in competition from

herbaceous vegetation. Invasion into the Marys Peak FEA

and FSV ecotone types is primarily limited by harsh

environmental conditions. Tree establishment in the AF

ecotone type occurs through natural amelioration of
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competition by soil creep disturbances, and during years

when increased moisture inputs are available. The FC

ecotone type requires reduction in competiton levels from

dense herbaceous vegetation before tree seedling survival

is possible.

The results of this study indicate that while the

rate and success of Abies procera encroachment into the

meadows varies by ecotone type, the continuation of the

invasion process will allow most of the Marys Peak bald to

become forested. This is not to say there will be a rapid

extinction of meadow vegetation. On the contrary, forest

expansion is extremely slow because of the requirement for

coincidence of available tree seedling establishment safe

sites, heavy seed years, and ecotone type specific weather

patterns suitable for Abies procera recruitment. It is

unclear whether the long term persistence of this bald is

threatened, but establishment of trees in the open is not

precluded by present vegetation and environmental

conditions. Should the meadows be converted partly or

completely to trees, catastrophic fire or large-scale

windthrow might eventually or periodically remove the

forest vegetation from the summit areas. The thin bark of

Abies procera makes all age classes highly susceptible to

fire kill (Franklin 1981). Furthermore, a windthrow event

would increase fire potential, probably generating a very

hot burn. Fire would in any case remove at least portions

of forest, and might also remove seed sources. Recent
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fires have occurred on the peak, in 1932 on the southwest

slope, and in 1908 on the north slope (Merkle 1951).

There is no evidence that either fire reached the summit

meadows (Snow 1984), so it is likely that these events did

not influence current ecotonal invasion patterns. Because

of the long term persistence of meadow species beneath the

open canopies of advancing forest, a fire that removes

overstory trees along the forest edge would result in

rapid expansion of meadow vegetation. It is impossible to

predict the inevitability of such a scenario but in view

of the slow rate of tree advancement into the meadows,

even infrequent fires on the summit of Marys Peak could

maintain the bald.
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Appendix A. Moisture Index Components and Numerical
Values Assigned to Each.

Aspect: N =1 0, N to NE = 9, N to NW = 8, E to NE = 7, W

to NW = 6, E to SE = 5, W to SW = 4, SE to S = 3, SW to S

= 2, S = 1.

Slope: 10 to 15% = 10, 15
to 30% = 7, 30 to 35% = 6,

to 20% =
35 to 40%

9, 20 to 25% =
= 5, 40 to 45%

8,
=

25
4,

45 to 50% = 4, 55 to 60% = 2, 65 to 70% = 1.

Lichen Snow Line: 3.5 to
to 3.0 m = 3, 2.0 to 2.5

4.0 m = 5,
m = 2, 1.5

3.0 to 3.5 m =
to 2.0 m = 1.

4, 2.5

Average Soil Depth: 100 cm = 12, 80 to 100 cm = 11, 70 to

80 cm = 10, 65 to 70 cm = 9, 60 to 65 cm = 8, 55 to 60 cm

= 7, 50 to 55 cm = 6, 45 to 50 cm = 5, 40 to 45 cm = 4,

35 to 40 cm = 3, 30 to 35 cm = 2, 25 to 30 cm = 1.
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Appendix B. Average Cover for Species in Pseudotsuga menziesii
Ecotone Types. PP=Pseudotsuga/Pteridium,
PA=Psedotsuga/Arctostaphylos, AAE=Acer/Agrostis/Elymus. M=meadow
stands, E=ecotone stands, F=forest stands.

Species M
PP
E F

PA
E

AAE
M F

Carex californica 2.9 0 0 5.2 0 0

Carex rossii 1.7 0 0 0 0.5 0

Carex fracta 0 0 0 1.1 0.1 0

Carex species 0.7 0 0 0 0 0

Luzula campestris 0.1 0.3 0.1 0 0 0

Festuca rubra 43.5 3.7 7.1 3.3 21.4 0.5

Festuca subulata 0 0 0.1 0 0 0

Bromus carinatus 9.6 3.9 0 0.3 1.0 0

Agrostis diegoensis 10.3 2.2 2.5 23.5 33.6 0.2

Elymus glaucus 5.4 2.1 0 7.2 32.7 0.1

Danthonia californica 0 0 0 0.1 0 0

Melica spectabilis 0.1 0 0 0.1 0 0

Smilacina stellata 3.2 12.8 1.6 40.3 1.0 3.0

Iris tenax 10.1 0.5 0 0.5 0 0

Calochortus tolmei 1.8 0.1 0.8 0 0 0

Phacelia nemoralis 0.8 0.8 0 0 0 0

Anemone lyallii 0.3 0 0 0.5 0 0

Anemone oregana 0.6 0.5 0.3 0.9 0 0

Viola glabella 0 2.9 0 0 0 0

Synthyris reniformis 0.3 1.9 0.1 1.2 0 0

Arenaria macrophylla 2.5 3.2 0.6 0.4 0 0

Dicentra formosa 0 0 0 1.8 0 17.0

Pteridium aquilinum 27.9 3.9 2.7 16.5 0 0
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M
PP
E F

PA
E

AAE
M F

Rumex acetosella 15.8 3.2 2.3 0.7 32.0 1.1

Cerastium arvense 0.3 0 0 0 3.1 0

Senecio integerrimus 2.0 2.9 0.3 0 0 0

Achillea millefolium 20.1 2.9 2.0 4.1 4.1 0.6

Berberis nervosa 4.3 4.9 3.0 0 0 0

Rubus ursinus 26.5 6.0 0.4 19.5 0 0

Fragaria vesca 18.4 0.1 0 1.3 0 0

Lupinus albicaulis 0.5 0 0 0 30.8 2.2

Delphinium menziesii 1.0 0.8 0 0 0 0

Stachys mexicana 0 0 0 0 0 3.4

Scrophularia californica 0 0 0 0 16.5 2.3

Penstemon cardwellii 2.1 0 0 0 0 0

Arctostaphylos species 0 0 0 36.6 0 0

Rubus laciniatus 0 1.8 2.4 0 0 0

Rosa gymnocarpa 1.1 0 0.5 0.7 0 0

Symphoricarpus albus 1.1 1.0 2.8 0 0 0

Campanula scouleri 1.2 0.7 0 0.3 0 0

Polystichum munitum 0 0.1 0.3 0 0 0.5

Carex mertensii 0 0 0 0.6 0 0

Fragaria virginiana 1.0 0 0 0.1 0 0

Dactylis glomerata 0 0 0 0.8 0 0

Trilium ovatum 0 0 0 0.4 0 0

Rubus parviflorus 0.9 0.7 0 0 0 0

Cirsium species 0.3 0.1 0 0 0 0

Phacelia heterophylla 0 0 0 0 0 13.2
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M
PP
E F

PA
E M

AAE
F

Montia perfoliata 0 0 0 0 0 0.1

Hydrophyllum tenuipes 0 0 0 0 0 0.5

Tellima grandiflora 0 0 0 0 0 2.4

Galium aparine 0.5 0.1 0 0 0 0.1

Vancouveria hexandra 0 0.1 0 0 0 0

Lotus crassifolius 0.1 0 0 0 0 0

Silene douglasii 0.1 0.1 0 0 0 0

Collinsia parviflora 0 0.1 0 0 0 0

Anaphalis margaritacea 0 0 0 1.1 0 0

Lathyrus nevadensis 0 0 0 1.9 0 0

Vaccinium membranaceum 0 0 0 0 0 0.6

Acer circinatum 0.4 0.1 0 0 0 85.2

Corylus cornuta 11.9 1.6 0:7 0 0 0

Holodiscus discolor 0 3.4 0 0 0 3.8

Prunus emarginata 0 0 0 0 0 7.6

Abies procera 0 3.7 0 0 0 8.8

Pseudotsuga menziesii
mature 0 90.0 92.5 0 0 0

Pseudotsuga menziesii
2 m tall to subcanopy 0 0 0 28.1 0 0

Pseudotsuga menziesii
< 2 m tall 22.9 4.4 35.2 0 0 0
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Appendix C. Average Percent Cover Herbaceous Species in Abies procera

Ecotone Types. FEA=Festuca/Elymus/Agrostis,
FSV=Festuca/Smilacina/Viola, FC=Festuca/Carex, AF=Agrostis/Festuca.
M- meadow stands, E=ecotone stands, F=forest stands.

Smecies M
FEA
E F M

FSV
E F

Carex californica 8.2 5.9 1.0 21.7 4.4 0.8

Carex rossii 0.1 1.5 1.0 0.2 0.3 0

Carex fracta 2.7 0.4 0 0.3 0 0

Carex species 0.2 0 0.1 0.4 1.0 0

Luzula campestris 0.8 0.1 0.3 0.5 0.2 0

Luzula parviflora 0 0.6 2.2 0 0.1 0

Festuca rubra 30.2 13.2 0.5 51.0 4.1 0.6

Festuca subulata 0 0.5 0.3 0 0.4 3.6

Bromus carinatus 2.5 0.1 0 9.2 0.7 0.2

Agrostis diegoensis 13.7 3.9 0.4 1.9 0.2 0

Elymus glaucus 21.5 0.1 0.1 8.2 5.0 3.1

Melica subulata 1.2 0.1 0 7.5 3.0 0.3

Lilium columbianum 1.4 0 0 0.4 0 0

Smilacina steilata 16.8 16.5 2.6 39.2 10.1 12.7

Clintonia uniflora 0 0.1 1.5 0 0 0.6

Anemone lyallii 0.3 0 0.3 0.5 0.3 0.8

Anemone oregana 2.8 1.9 1.7 2.6 2.0 1.0

Viola glabeila 14.5 2.7 0.5 36.0 6.9 6.0

Arenaria macrophylla 1.9 0.4 1.1 4.6 1.7 2.0

Senecio triangularis 11.7 0 0 0 0 0

Rumex acetosella 9.1 2.3 0.8 14.2 2.6 0.5

Cerastium arvense 1.6 0 0 7.1 0.8 0.5

Achillea millefolium 3.1 0.5 0 14.2 1.1 0.1
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M
FEA
E F M

FSV
E F

Lupinus albicaulis 12.2 4.4 0 0 0 0

Carex mertensii 0 0.1 0 0 0 0

Montia sibirica 0 0.5 0.8 0 0.8 16.4

Danthonia californica 0 0 0 12.8 0.5 0

Poa laxiflora 0 0 0 8.2 9.6 0.2

Calochortus tolmiei 0 0 0 0 0.1 0

Phacelia nemoralis 0 0 0 0.3 0.5 0

Synthyris reniformis 0 0 0 0 0.2 0.3

Dicentra formosa 0 0 0 0 0 0.3

Pteridium aquilinum 0 0 0 8.1 7.1 10.9

Rubus ursinus 0 0 0 2.0 1.3 0

Stachys mexicana 0 0 0 0 2.8 3.8

Disporum smithii 0 0 0 0 0 0.9

Osmorhiza purpurea 0 0 0 0 0 0.1

Phleum alpinum 0 0 0 0.5 0.1 0

Stellaria crispa 0 0 0 0 0.2 1.8

Fragaria virginiana 0 0 0 0.2 0 0

Cirsium species 0 0 0 0.1 2.2 0

Vancouveria hexandra 0 0 0 0 0 0.5

Acer circinatum 0 0 0 0 0.3 2.0

Total Herb Cover 154.3 55.8 15.1 251.6 70.5 69.7
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Apendix C. Continued for FC and AF ecotone types.

FC AF

Species M E F M E F

Carex californica 41.2 7.9 5.2 17.5 0.9 0

Carex rossii 2.4 1.5 0.4 1.8 0.1 0

Carex fracta 0 0 0 7.3 7.1 1.8

Carex species 0.9 0.2 0 0 0 0

Luzula campestris 0.3 0.2 0.1 0.1 0.2 0

Luzula parviflora 0 1.3 1.6 0 9.1 9.5

Festuca rubra 38.8 8.3 0.9 28.5 8.1 0.1

Festuca subulata 0 0.9 0 0 3.9 4.4

Bromus carinatus 5.2 0.5 0.4 0 0 0

Agrostis diegoensis 6.8 1,7 0.2 35.3 36.2 2.9

Elymus glaucus 7.6 0.3 0.2 0.1 6.3 6.0

Melica spectabilis 1.8 0.7 0.1 0 0.2 0

Lilium columbianum 2.1 0.1 0 0 0 0

Smilacina stellata 1.7 3.0 4.0 0 0.5 0

Clintonia uniflora 0.1 0.3 1.4 0 2.6 0

Anemone lyallii 1.9 1.1 0.5 0 0 0

Anemone oregana 0.6 0.1 0.1 0 0 2.1

Viola glabella 2.8 4.9 1.5 1.1 14.6 4.0

Arenaria macrophylla 1.5 0.7 1.9 0.6 4.4 0.8

Senecio triangularis 0.1 1.0 1.1 0 0 1.0

Rumex acetosella 9.5 2.0 1.6 30.4 13.6 1.7

Carex mertensii 0 0 0 0 1.9 0

Montia sibirica 0 3.3 11.1 0 12.3 8.2

Danthonia californica 0.8 0.3 0 0 0 0
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M
FC
E F M

AF
E F

Synthyris reniformis 0 0.4 0.8 0 0 0

Dicentra formosa 0 0.1 0.1 0 0.3 0.2

Pteridium aquilinum 1.6 0.1 0 18.5 2.9 0

Stachys mexicana 0 0 0 0 0.1 1.0

Disporum smithii 0 0 0 0 0.6 1.0

Osmorhiza purpurea 0 0.1 0.4 0 1.9 4.9

Stellaria crispa 0 0.2 0 0 0.9 0

Oxalis oregana 0 0 5.4 0 0 0

Penstemon cardwellii 0 0 0.1 16.6 5.4 0.1

Campanula scouleri 0 0.1 0 0 0 0

Polystichum munitum 0 0.1 0 1.5 0.1 0

Erythronium oregonum 0.1 0 0 0 0 0

Achlys triphylla 0 0.2 0.1 0 0.1 0

Scrophularia californica 0 0 0 0 1.7 1.0

Rosa gymnocarpa 0 0 0 0 0.1 0

Heiracium albiflorum 0 0 0 0 1.8 0.5

Total Herb. Cover 127.1 47.7 40.0 159.3 137.2 51.4


