
AN ABSTRACT OF THE THESIS OF

Barbara J. Moritsch for the degree of Master of Science in

General Science (Environmental Biology) presented on April 27, 1992.

Title: Subalpine Revegetation on Backcountry Campsites near Tuolumne Meadows,

Yosemite National Park. California: Third Year Results

Redacted for Privacy
Abstract approved: 1 - -

Patricia S. Muir

The National Park Service initiated a backcountry campsite restoration project

in 1987 to restore native vegetation on severely degraded campsites in three subalpine

lake basins in Yosemite National Park. Restoration treatments included soil

scarification, transplanting, manual seeding and site protection. Eight of the treated

campsites were monitored in 1990 to evaluate changes in percent vegetation cover,

species richness and volunteer establishment that had occurred over the three year

period beginning prior to treatment application in the summer of 1987, and ending in

the summer of 1990.

Percent vegetation cover increased slightly across all sampled quadrats (x =

0.71; N = 214) with mean percent cover changes ranging from -0.37 to 4.36 on

individual campsites. Three sites had a loss of cover. Percent cover changes differed

most among campsites within lake basins. Changes in percent cover did not differ

among lake basins or impact strata (barren core, moderately trampled, and



peripheral). Transplanting did not appear to be an important influence on changes in

percent cover, as cover changes did not differ between planted and unplanted areas.

Survival of transplants planted in 1987 was poor (19.2%), but survival of transplants

planted in 1988 was higher (70.5%).

Species richness increased slightly across all sampled quadrats (x = 0.54

species per quadrat), with species richness changes on campsites ranging from -0.13

to 1.75 species per quadrat. One site had a mean decrease in species richness.

Species richness changes differed among campsites, with the largest increases

occurring on those campsites that also had the greatest increases in percent cover.

Changes in species richness also differed among impact strata, with the largest

increases occurring on barren core areas. There were small differences among lake

basins, and species richness changes did not differ between planted and unplanted

areas.

Volunteer establishment occurred on all treated sites. The number of

volunteers per site ranged from one to 45, and 29 species were represented.

Individual quadrats had from one to four volunteers. Approximately 50% of the

volunteers were producing seed, and overall vigor among volunteers was good.

Numbers of volunteers per quadrat differed most strongly among campsites. Slight

differences were detected among lake basins and impact strata, with numbers

decreasing from barren core to peripheral quadrats. Differences in numbers of

volunteers per quadrat between planted and unplanted areas were not detected.



Soil scarification may enhance increases in cover, species richness and

numbers of volunteers. However, the influence of scarification was tested on two

sites only, and further study is recommended.

The recovery process appeared to be strongly affected by factors operating at

the campsite level. For example, sites with the greatest increases in percent cover

also had the greatest increases in species richness and the most volunteers. These

sites had coarse soils, relatively abundant sunlight and moisture, and were effectively

protected from trampling after site treatment. Results indicate revegetation

prescriptions should be made on a site-by-site basis.

The performances of eleven species used in transplanting or occurring as

volunteers were evaluated. Five species, Agrostis humilis, Calamagrostis breweri,

Muhlenbergia filifonnis, Trisetum spicatum, and Calyptridium umbellatum show

potential as colonizers in unassisted revegetation and may be useful in manual seeding

treatments; three species, Calamagrostis breweri, Carex rossii, and Juncus panyi

show potential for transplanting and nursery propagation; and two species, Carex

spectabilis and Carex straminiformis, require further study to determine their

effectiveness in subalpine revegetation treatments.
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SUBALPINE REVEGETATION ON BACKCOUNTRY CAMPSITES
NEAR TUOLUMNE MEADOWS, YOSEMITE NATIONAL PARK, CALIFORNIA:

THIRD YEAR RESULTS

CHAPTER 1. INTRODUCTION

The cumulative effects of human activities on ecosystems have resulted in

large areas of land with degraded soils and vegetation. Our knowledge of the natural

recovery process in degraded ecosystems is not extensive (Cairns 1987), but it is

likely that recovery in most systems will be slow and influenced by factors such as

cause of disturbance, climate, topography, length of growing season, and moisture

regime (Ketch ledge et al. 1985, Bradshaw 1987, Hammitt and Cole 1987).

With the objective of accelerating the recovery process on degraded lands, the

practice of applied environmental restoration and the science of restoration ecology

have emerged (Berger 1990). Restoration projects have rapidly increased in number

and diversity, encompassing a wide range of ecosystems damaged by a variety of

activities.

Recreational use of wildlands is one type of human activity that has resulted in

environmental degradation. Many national parks and wilderness areas in the United

States have experienced intensive, prolonged use by hikers, backpackers and animal

packers. The most severe impacts associated with these activities often are found in

campsites in easily-accessed areas with outstanding scenery or recreational

opportunities (Beardsley et al. 1974).
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The Tuolumne Meadows region of Yosemite National Park in California's

Sierra Nevada mountains provides a clear example of this situation. In spite of

trailhead quotas limiting overnight use, trails and campsites located in popular

backcountry areas surrounding Tuolumne Meadows have been, and continue to be,

severely degraded. The degree of resource degradation has been deemed

unacceptable in many areas in Yosemite's subalpine zone. Natural recovery of these

areas may take decades (Parsons and De Benedetti 1979, Stohlgren 1986).

In response, the National Park Service has initiated a campsite and trail

restoration program designed to protect water quality, soils, and aesthetics; and to

assist with the re-establishment of native vegetation. In 1987, vegetation restoration

began on 18 closed campsites near three lakes south of Tuolumne Meadows: Elizabeth

Lake, Budd Lake, and Lower Cathedral Lake. The primary objectives of this

restoration project were to:

1) restore native vegetation cover;

2) develop cost-effective methods for improving environmental conditions in

campsites to promote natural revegetation;

3) identify characteristics of sites capable of rapid natural revegetation vs.

characteristics of sites that may require assistance; and

4) identify native plant species suitable for use in subalpine revegetation in the

central Sierra Nevada.
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In 1990, three years after restoration treatments were applied to campsites, I

returned to the three lakes to document and analyze the changes in vegetation that had

occurred on eight of the treated sites. The chapters in this thesis discuss:

changes in vegetation cover and species richness;

the role of volunteer establishment;

- the responses of eleven native species in the revegetation project; and

- implications of the study for wilderness management.

Restoration of degraded ecosystems is in its early stages and no standard

methods have been established (Cairns 1988). Therefore, it is important to monitor

the results of projects to identify techniques that are most effective in meeting

management objectives, and to develop a body of literature documenting the successes

and failures of projects in a wide variety of environments. Although every potential

restoration site will require a specific prescription for treatment, accurate

documentation of rehabilitation techniques and the success of the efforts can increase

the likelihood of success on future projects (Hammitt and Cole 1987).

Monitoring vegetation recovery, both assisted and natural, on campsites

provides information that will aid in making predictions about the potential for areas

to recover from overuse, allowing wilderness managers to designate campsites in

areas that are relatively resilient to camping impacts.
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In addition to contributing to knowledge of applied restoration techniques,

careful monitoring of restoration projects provides opportunities to expand our current

understanding of ecosystems. It has been noted that "In the reconstruction of

ecosystems, ecologists have been conspicuous by their absence" (Bradshaw 1987).

Aspects of the structure, function and dynamics of natural systems are frequently

revealed most dramatically when attempts to rehabilitate them are occurring. The

opportunities for basic research provided by disturbed ecosystems are great (Cairns

1987).

Although a considerable amount of campsite rehabilitation has been done, little

of it has been documented (Hammitt and Cole 1987). The natural recovery of

vegetation following intensive camping pressure has been documented in the alpine

zone of the Rocky Mountains (Willard and Marr 1971), in montane regions of the

Selway-Bitterroot Wilderness (Cole and Ranz 1983), and in the subalpine zone in the

Cascade Mountains (Cole 1977), but little or no documentation exists on natural or

assisted campsite restoration in the subalpine zone of the Sierra Nevada (Parsons,

personal communication), making the data used in this study, and the study itself,

unique.
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CHAPTER 2. CHANGE IN VEGETATION COVER AND SPECIES RICHNESS

INTRODUCTION

In 1987, a subalpine revegetation project was initiated in Yosemite National

Park with the primary objective of restoring native vegetation cover on degraded

backcountry campsites that had been closed to overnight camping. Revegetation

treatments included scarifying soil, transplanting native species, and collecting and

sowing seed on selected sites. In 1990, three years after revegetation was attempted,

vegetation on eight treated sites was sampled to detect changes in percent cover and

species richness in both planted and unplanted areas within campsites. The

effectiveness of revegetation treatments, the contributions of volunteer establishment,

and characteristics of treated sites that may have influenced vegetation changes are

discussed.
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STUDY AREA

Elizabeth and Budd Lakes are located in Tuolumne County, California, and

Lower Cathedral Lake is in Mariposa County, California. The lake basins are south

of Tuolumne Meadows, in the east central region of Yosemite National Park, CA (37°

51' N latitude; 119° 23' W longitude; U.S.G.S. Tuolumne Meadows quadrangle,

1956, Fig. 1). The region is characterized by extensive subalpine meadows

interspersed with granite domes and surrounded by glacially-carved peaks and ridges.

The Sierra Nevada lodgepole pine zone receives 750 1500 mm of

precipitation per year, primarily in winter as snow from eastward-moving polar front

cyclones (Chabot and Billings 1972, Parker 1982). Snow cover usually persists from

mid-October through late May. The weather station closest to the study area is Ellery

Lake, at an elevation of 2890 m (37° 56' N, 119° 14' W), which is northeast of

Tuolumne Meadows, on the east slope of the Sierra Nevada. From 1960 to 1986,

mean annual precipitation recorded at Ellery Lake was 661 mm (Appendix I).

Between 1987 and 1990, during this study, mean annual precipitation was 473 mm

(NOAA 1960-1990). Precipitation from cyclonic storms probably is lower at Ellery

Lake than in the study area, but mean values from these periods illustrate clearly the

drought conditions prevailing during the study.

The study area experiences a three month summer season with approximately

100 frost-free days (van Wagtendonk 1986). During the summer, high temperatures
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average 18 - 22° C and low temperatures average 3 4° C. The combination of high

elevation and low summer precipitation results in a significant summer drought in the

Sierra Nevada subalpine zone (Burke 1982, Vankat 1982). Measurements taken along

a transect from 1220 - 2440 m in Yosemite National Park showed that less than 3%

of the total precipitation falls from June through August (Parker 1982). Most

cyclonic storms are deviated from the Sierra in the summer due to a subtropical high

pressure cell off the Oregon coast (Major 1988). Occasional summer thundershowers

are triggered by moist air flowing north from the Gulf of California (Klickoff 1965).

As a result, soil moisture tends to be low during the summer throughout the Sierra

Nevada (Chabot and Billings 1972, Vankat 1982, Burke 1982). At a subalpine site in

Kings Canyon National Park, based on temperature and precipitation records,

potential evapotranspiration could exceed precipitation by 72, 91, 87 and 53

mm/month in June, July, August and September, respectively (Burke 1982).

Soils in lodgepole and whitebark pine forests in the central Sierra Nevada

(elevation 2800 3600 m) generally are coarse, with little or no horizon development

and can be deficient in phosphorus, zinc, magnesium and calcium (Klickoff 1965).

Total vegetative cover decreases with increasing elevation in Sierran montane

forests, from 100+ percent in the red fir zone to less than 25 percent in the subalpine

zone (Rundel et al. 1988). Meadow vegetation in the study area is dominated by

Calamagrostis breweri (shorthair grass) and several species of Carex with Poa

nervosa, Deschampsia caespitosa, Antennaria corymbosa, and various species of
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Juncus as common associates (nomenclature follows Munz and Keck 1973). The

surrounding forests primarily consist of Pinus contorta ssp. murrayana (lodgepole

pine), with Tsuga mertensiana (mountain hemlock) and Pinus albicaulis (whitebark

pine) occurring at higher elevations.

Elizabeth Lake

At an elevation of 2892 m, Elizabeth Lake is 3.2 km south of Tuolumne

Meadows campground and is accessed by a maintained hiking trail (Fig. 2).

Scattered, dense patches of lodgepole pine and large, open meadows surround the

lake, which is fed by snowmelt from surrounding ridges. Unicorn Creek flows north

out of the lake. Soils on treated sites are sandy loams with a high organic matter

content derived from quaternary glacial and alluvial deposits from the Johnson Granite

Porphyry formation (Bateman et al. 1983).

Elizabeth Lake is assumed to have received intensive use by backpackers and

animal packers prior to 1974, when it was closed to overnight use. This assumption

is based on the lake's proximity to California Highway 120 and the developed area of

Tuolumne Meadows, combined with the easy access to the lake provided by a well-

maintained trail. Currently, Elizabeth Lake is a very popular destination for day

hikers and illegal camping may occur occasionally.

Elizabeth Lake Site 18 is on a peninsula along the eastern edge of Elizabeth

Lake, approximately 10 m from the lake shore (Fig. 3). The site is partially shaded
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by a sparse lodgepole and whitebark pine overstory, and receives filtered sunlight

throughout the day. Lodgepole pine saplings grow in adjacent areas. This campsite

slopes slightly southwest.

Elizabeth Lake Site 20 is north of Site 18, immediately adjacent to a well-

developed trail, and approximately 30 m from the edge of the lake (Fig. 3). The site

has scattered lodgepole pines to the north, south and east; is relatively open to the

west; and has a lodgepole and western white pine overstory in the southwest corner

which results in partial shading. Site 20 slopes slightly north.

Budd Lake

Budd Lake is 4.8 km south of California Highway 120, and is accessed by

several distinct, unmaintained trails beginning east of the Cathedral Lakes trailhead

(Fig. 2). Located in a glacial cirque at an elevation of 3040 m, the lake is fed by

snowmelt and drains into Budd Creek to the north. Scattered dense stands of

whitebark pine and mountain hemlock grow around the lake, and there are small

meadows at the lake's outlet. Soils on treated sites are derived from the Cathedral

Peak Granodiorite formation and quaternary glacial deposits (Bateman et al. 1983),

and range from very thin decomposed granite to fairly well-developed sandy loams.

Budd Lake is assumed to have had moderate levels of backpacking use prior to

its closure to overnight use in 1974. It is doubtful that the area ever received much

use by animal packers, as access is difficult and regulations exclude stock from
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unmaintained trails. Currently, Budd Lake receives light to moderate use by day

hikers and may be subject to frequent illegal camping.

Budd Lake Site 3 is north of Budd Lake, approximately 7 m east of Budd

Creek (Fig. 4). There are scattered stands of whitebark pine to the north, west,

southwest and southeast, with open exposure to the south. A very sparse overstory of

whitebark pine casts limited shade on the site. Site 3 slopes slightly west and has

shallow, decomposed granitic soils with little organic matter.

Budd Lake Site 35 is west of Budd Lake on a sheltered bench approximately

25 m upslope from the lake (Fig. 4). The site is in a forested area with whitebark

pine and mountain hemlock to the east, south and west. Site 35 has no overstory,

although one whitebark pine at plot center casts a small amount of shade. There is a

slight north to northeast slope.

Budd Lake Site 37 is west of Budd Lake, southwest of Site 35, approximately

30 m above the lake's edge (Fig. 4). There are dense stands of mountain hemlock

east of the site with fewer trees to the south. The view is open to the north and west.

Site 37 has a few small mountain hemlocks on it, but has no canopy. The site slopes

gently northwest.

Budd Lake Site 41 is west of Budd Lake, south of Site 37 on a slight southeast

slope (Fig. 4). There are dense stands of whitebark pine to the north and east, with

fewer trees to the south and west. The site is further shaded by small lodgepole and

whitebark pines that grow along the site margin.
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Soils on Sites 35, 37 and 41 at Budd Lake are deeper than those on Site 3, and

have more organic matter.

Lower Cathedral Lake

Located along a popular maintained trail, Lower Cathedral Lake is 4.8 km

south of California Highway 120 (Fig. 2). At an elevation of 2831 m, the lake is

bordered by a mosaic of granite shelves and scattered dense patches of lodgepole

pine, with extensive meadows to the east. Cathedral Creek feeds the lake from the

east. On the west side of the lake, the creek continues northwest to converge with

Tenaya Creek. Soils on treated sites are derived from the Cathedral Peak

Granodiorite formation (Bateman et al. 1983), and range from very thin decomposed

granite to shallow sandy loams.

With over 160 campsites, Lower Cathedral Lake receives very heavy overnight

use, as well as heavy day use. Sites selected for restoration were closed to camping

immediately after treatment in August, 1987 because of their proximity to the lake.

Lower Cathedral Lake Site 39 is on the northwest shore of Lower Cathedral

Lake, near the outlet of Tenaya Creek, approximately 7 m from the lake shore (Fig.

5). This site is heavily shaded by lodgepole pines, which grow adjacent to, and

within, the site. Site 39 is the only study site with dense understory vegetation, and

the site is more mesic than other study sites, as evidenced by Carex spectabilis on,
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and adjacent to, the site (Munz and Keck 1973, Burke 1982). Soils are fine-textured

sandy loams with a high organic matter content.

Site 39 has experienced significant erosion due to topographic position and the

removal of vegetation by recreational use. There is a large granite slab formation to

the northwest that channels runoff through the site, which slopes gently to the

southeast. In 1990, heavy spring rains resulted in the deposition of large quantities of

decomposed granite on the site.

Lower Cathedral Lake Site 82 is north of Lower Cathedral Lake on a small

peninsula, approximately 6 m from the lake shore (Fig. 5). There is a dense stand of

lodgepole pine to the east, and the site is open to the north, west, and south. A few

small lodgepole pines grow in the southeast corner of the site, but they cast little

shade. Site 82 supports subalpine meadow vegetation dominated by shorthair grass,

as opposed to other study sites, which support lodgepole pine or whitebark pine

forests. Soils are shallow, poorly-developed decomposed granite. Site 82 is level and

receives significant runoff from granite slabs to the west.
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METHODS

Field Methods

Site Selection

Selection of campsites for revegetation was based on recommendations from

Yosemite's Wilderness Impacts Monitoring Study, which inventoried and documented

conditions of all backcountry campsites and trails in the park (NPS 1987). Sites

receiving priority for revegetation had large denuded areas and exhibited both

ecological and aesthetic degradation.

Plot Establishment and Initial Vegetation Sampling

Within each campsite, a permanent 10 m x 10 m plot was established

subjectively to include the most degraded central area of the site and some adjacent

vegetation. A stratified random sampling system used previously in Sierra Nevada

backcountry campsite assessment (Stohlgren 1982) was modified for vegetation

sampling. Campsites were stratified into impact zones to allow separate analyses of

barren core, moderately trampled and peripheral areas, and comparison among the

three zones. Stratification was necessary because mean values of percent cover and

species richness in an entire campsite do not provide a realistic picture of the effects

of concentrated use on vegetation (Stohlgren 1982).
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Division into impact strata was based on visual evidence of damage to

vegetation and soils. Impact strata included:

1) Barren core areas with very little or no aboveground vegetation, and litter

and duff removed or completely pulverized (usually encircling fire pits);

2) Moderately trampled areas with a noticeable reduction in the quantity of

aboveground vegetation, litter and duff when compared to surrounding

peripheral areas, but appearing less damaged than barren core areas; and

3) Peripheral areas with little or no visible reduction or disturbance of

vegetation, litter or duff. Peripheral quadrats appeared to have received little

trampling and therefore were assumed to provide an approximate

representation of the undisturbed vegetation community.

Sixty-eight barren core quadrats (x vegetation cover 0.34%), 67 moderately

trampled quadrats (x vegetation cover 2.87%), and 79 peripheral quadrats (x

vegetation cover 18.85%) were sampled (Table 1).

Permanent plots were located subjectively to include areas representing all

three impact strata. Steel reinforcing rods were placed at two corners of each plot for

relocation. Temporary stakes were placed along the periphery of the plot at 1 m
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Summary statistics for original vegetation cover (%) by impact stratum:
number of quadrats sampled (N), mean (standard error in parentheses),
and range.

IMPACT STRATUM N MEAN (SE) RANGE'

BARREN CORE 68 0.34 (0.08) 0 - 3.0

MODERATELY
TRAMPLED 67 2.87 (0.60) 0 27.7

PERIPHERAL 79 18.85 (2.95) 0 90.0

1 Moderately trampled and peripheral quadrats with 0.0% original cover had dense
tree branches extending over the ground surface, but had no understory vegetation.

intervals. From these stakes, strings were stretched across the site to establish a grid

of 100 1 m x 1 m quadrats.

The entire plot was mapped to document features such as large rocks, trees,

and fire rings (Appendix II). Using the grid to aid in accuracy, the locations of

impact strata were mapped using subjective, visual criteria. Three to ten quadrats

from each impact stratum were selected for vegetation analysis prior to site treatment.

The number of quadrats sampled from each stratum varied because not all sites

contained ten quadrats of each stratum. When there were fewer than 10 quadrats of a

stratum, all quadrats in that stratum were sampled. When there were more than 10

quadrats of a stratum, 10 quadrats from that stratum were selected randomly for
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sampling (Table 2). Quadrats containing more than one impact stratum were not

sampled.

Species cover was estimated to the nearest percent. The accuracy of estimates

was improved by using a 1 m x 1 m PVC quadrat frame divided into a grid

containing 100 0.01 m x 0.01 m units. Species present with less than 0.05% cover

were recorded as occurring in "trace" amounts.

Restoration Techniques

Site Preparation Before soil treatment and transplanting occurred, rock

fire rings within campsites were dismantled and charred rocks were removed from the

area; accumulations of firepit ash were buried or spread over the site; and large rocks

were partially buried throughout the site with sharp edges up to discourage use. Soils

in some sites then were scarified, which involved loosening the soil with shovels and

breaking up hard clods manually, without turning the soil over. Soil manipulation on

each site varied from digging planting holes only to scarifying the entire site.

Development of Planting Prescriptions Transplanting for revegetation was

prescribed on a site-by-site basis. Data from the initial vegetation sampling were used

to determine species composition within a site's peripheral quadrats, and the mix of

transplants planted matched this composition in species and relative abundances. The

peripheral vegetation that was "representative of the undisturbed vegetation
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TABLE 2. Number of quadrats sampled by site and impact stratum.

LOCATION
BARREN

CORE

IMPACT STRATUM

MODERATELY
TRAMPLED

PERIPHERAL

ALL AREAS 68 67 79

ELIZABETH LAKE 8 20 20

SITE 18 3 10 10

SITE 20 5 10 10

BUDD LAKE 40 29 41

SITE 3 10 9 11

SITE 35 10 0 10

SITE 37 10 10 10

SITE 41 10 10 10

LOWER
CATHEDRAL LAKE 20 18 18

SITE 39 10 8 10

SITE 82 10 10 8

community" which was used to develop planting prescriptions may differ from

unimpacted areas with similar environmental attributes. The existing floristic

composition surrounding the lakes is determined, in part, by the types and intensity of

use the areas have received. Peripheral vegetation in treated sites may have been

altered from "natural conditions" as a result of decades of heavy use.
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Vegetation density after planting was lower than that of peripheral areas, as

transplanting was not intended to create homogeneity in total vegetation cover over all

impact strata, but to assist with natural recovery of vegetation on campsites.

Plant Collection Transplants were collected as sod mats up to 30 cm x 30

cm in size. Sod mats were collected if the plants were vigorous and locally abundant

in the collection area. All sod mats were composed of single species except for five

mats planted in Elizabeth Lake Site 18 that were composed of Calamagrostis breweri

and Vaccinium nivictum. Sod mats used at Elizabeth Lake were collected

approximately 1.6 km north of the lake, and west of the main trail; and approximately

0.2 km north of the Elizabeth Lake Trail junction, northeast of Elizabeth Lake. Sod

mats used at Budd Lake and Lower Cathedral Lake were collected within 0.4 km of

the treated campsites in these basins.

At Elizabeth Lake, sod mats planted in 1987 were divided prior to planting. A

total of 100 sod mats were collected and divided to produce 484 transplants (190 were

planted in sites 18 and 20; the remainder were planted in two unmonitored sites). At

Budd and Lower Cathedral Lakes, sod mats were planted intact, without division, at

all sites except Site 35, where 6 sod mats of Carex straminifonnis were divided to

produce 14 transplants (Table 3).

To minimize the impact of collection, sod mats were collected from locations

at least 3.5 m apart. Sod mats were removed by digging down to a depth of 15 25
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cm around the plants with a shovel, carefully prying roots away from the surrounding

soil, and lifting the mat out. Mats were watered immediately, put in plastic bags and

stored in the shade. Donor holes resulting from sod mat removal were back-filled

with adjacent soil and covered with litter and duff. Plants were carried in burlap

sacks, by humans or mules, to revegetation sites and planted on the day of collection.

Planting at Elizabeth Lake occurred within three hours of collection, and planting at

Budd and Lower Cathedral lakes occurred within one hour of collection.

Planting Procedures Initially, all surface litter and duff was raked to the

perimeter of the area to be planted, which usually included barren core and

moderately trampled areas. Transplants were placed subjectively to mimic the spatial

arrangement of surrounding vegetation. Planting holes were dug to a depth of 12.5

22 cm. One handful of saturated peat moss was added to planting holes at Elizabeth

and Lower Cathedral Lakes. One sod mat (or subdivision, if sod mats were divided)

was placed into each hole, native soil (plus peat moss if used) was packed firmly

around the base of the plant, and each transplant was watered thoroughly. At three

sites, transplants received a second watering the day after transplanting (Table 3).

After planting, litter and duff were returned to the site and additional material

from adjacent areas was scattered over the site to create a 5 7 cm deep layer of

mulch. Site 82 at Lower Cathedral Lake was mulched with dead meadow grasses; all
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Summary of site treatments: date(s) of treatment; site preparation (SP)
code (1 = entire barren core scarified, other strata not scarified, 2 =
site not scarified, 3 = entire site scarified); seeding code (SC) 0 = not
seeded, 1 = seeded with Lupinus covillei, 2 = seeded with
Calamagrostis breweri; peat moss soil amendment added (PM); date(s)
transplants were watered; and whether or not transplanted plugs were
divided (PD).

LOCATION DATE SP SC PM WATER PD

ELIZABETH LAKE

SITE 18 7/13/87 1 0 YES 7/13/87 YES
7/14/87

7/05/88 NO

SITE 20 7/14/87 1 0 YES 7/14/87 YES
6/24/88 NO

BUDD LAKE

SITE 3 7/21/87 1 1 NO 7/21/87 NO
7/23/87

SITE 35 7/21/87 1 0 NO 7/21/87 YES'
7/23/87

SITE 37 8/04/87 1 0 NO 8/04/87 NO

SITE 41 8/04/87 2 0 NO 8/04/87 NO

LOWER
CATHEDRAL LAKE

SITE 39 8/20/87 2 0 YES 8/20/87 NO

SITE 82 8/19/87 3 2 YES 8/19/87 NO

In Site 35, 6 Carex straminiformis sod mats were divided into 14 smaller
transplants. The remainder of the transplants in Site 35 were undivided sod mats.
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other sites were mulched with pine needle litter. Downed logs and woody debris

were collected and scattered over the site to discourage use.

Transplanting on all sites occurred between July 13 and August 20, 1987

(Table 3). At Elizabeth Lake, 190 transplants were planted in 1987 (Table 4); at

Budd Lake, 128 transplants were planted (Table 5); and at Lower Cathedral Lake,

103 transplants were planted (Table 6).

On June 24, 1988, Site 20 at Elizabeth Lake was replanted with 19 locally-

collected transplants and 294 nursery propagules. On July 5, 1988, Site 18 at

Elizabeth Lake was replanted with 15 locally-collected transplants and 294 nursery

propagules (Table 4). Nursery propagules were small and were planted in clumps of

TABLE 4. Number of Elizabeth Lake transplants by year, site, and species
(nursery propagules in parentheses).

SPECIES 1987

SITE 18

1988 1987

SITE 20

1988

Antennaria cotymbosa 0 0 1 0

Calamagrostis brewer! 7' 0 16 0

Carex rossii 23 9 (147) 39 4 (147)

Juncus parryi 31 6 (147) 57 8 (147)

Vaccinium nivictum 162 0 0 0

C. rossii/J. parry! mixed 0 0 0 7

Total 77 15 (294) 113 12 (294)

1 three of these had some Vaccinium nivictum.
2 two of these had some Calamagrostis brewer!.
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TABLE 5. Number of Budd Lake transplants by site and species.

SPECIES

SITE

3 35 37 41

Carex rossii 7 6 1 7

Carex straminifonnis 3 14 1 2

Eriogonum sp. 1 0 0 0

Juncus parryi 7 11 31 9

Lupinus covillei 2 0 0 0

Luzula divaricata 0 0 2 0

Poa hanseni 0 0 6 0

Poa nervosa 3 4 0 0

Trisetum spicatum 3 1 1 6

Total 26 36 42 24

TABLE 6. Number of Lower Cathedral Lake transplants by site and species.

SPECIES

SITE

39 82

Calamagrostis breweri 9 25

Carex rossii 0 3

Carex spectabilis 17 0

Juncus drummondii 2 0

Juncus panyi 4 38

Olyzopsis kingii 2 0

Vaccinium nivictum 0 3

Total 34 69
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four or five. Fifty-five and fifty clumps were planted at Sites 18 and 20,

respectively. Propagules came from plants collected in 1987, which were taken to the

Soil Conservation Service in Lockeford, California for division and extension.

Planting techniques used in 1988 at Elizabeth Lake were the same as those

used in 1987, except Terra-Sorb soil moisturizer was added to planting holes and

transplants were not divided prior to planting. Not all transplants were planted in

sampled quadrats (Table 7).

Seeding On Site 3 at Budd Lake and Site 82 at Lower Cathedral Lake

unmeasured quantities of mature seed were collected, scattered over barren core

areas, manually covered with soil, and watered. Seeds were collected by clipping and

were sown the day of site treatment. Lupinus covillei was sown on Site 3 and

Calamagrostis breweri was sown on Site 82.

Site Protection Signs were posted encouraging visitors to assist campsite

rehabilitation by not walking, or camping, on treated sites. In 1987, one sign was

posted at the trailhead to Elizabeth Lake; one sign was posted at Budd Lake northwest

of the Budd Creek outlet where most hikers enter the basin from Tuolumne Meadows;

and signs were posted at both treated sites at Lower Cathedral Lake. In 1989, the

revegetation crew noted that the 1987 plantings in Budd Lake Site 3 had received

repeated trampling and they posted signs at the site's perimeter. Trails accessing all
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treated campsites were disguised with logs, organic debris and rocks to discourage

use.

Post-treatment Vegetation Sampling

Immediately after site treatment and planting, previously sampled quadrats,

both planted and unplanted, were resampled for percent cover by species to document

changes due to planting. Transplant locations were mapped (Appendix III).

During the summer of 1990 (Table 8), I relocated plots and resampled the

originally sampled quadrats for percent cover by species; documented the survival,

reproductive status, and vigor of transplants; and identified plants that had established

voluntarily on the sites.

Data Analysis Methods

Normality of percent cover and species richness data distributions was checked

using frequency distributions, which indicated that parametric statistical analyses were

appropriate. Summary statistics for changes in percent cover and species richness in

both planted and unplanted quadrats were generated for the entire study area, and for

lake basins, sites and impact strata. Changes were calculated on a plot-by-plot basis

by subtracting pre-treatment 1987 cover percentages from 1990 cover percentages.

The contributions of various factors to changes in percent cover and species

richness were tested using nested analysis of variance with SPSS/PC+ (SPSS 1990).
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Distribution of transplanting (includes 1987 and 1988 treatments at
Elizabeth Lake) among sampled and unsampled quadrats: "WITH"
includes quadrats receiving transplants; "WITHOUT" includes quadrats
not receiving transplants.

LOCATION

UNSAMPLED

WITH WITHOUT

SAMPLED

WITH WITHOUT

ELIZABETH LAKE 77 75 31 17

SITE 18 40 37 15 8

SHE 20 37 38 16 9

BUDD LAKE 91 199 41 69

SITE 3 23 47 9 21

SIFE 35 23 57 7 13

SITE 37 24 46 14 16

SITE 41 21 49 11 19

LOWER CATHEDRAL
LAKE 62 82 20 36

SITE 39 28 44 9 19

SITE 82 34 38 11 17

TOTAL 230 356 92 122
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TABLE 8. Date of re-sampling by site.

LOCATION RESAMPLING DATE

ELIZABETH LAKE

SITE 18 07/22/90

SITE 20 07/21/90

BUDD LAKE

SITE 3 07/05/90

SITE 35 08/05/90

SITE 37 08/06/90

SITE 41 07/01/90

LOWER CATHEDRAL LAKE

SITE 39 07/29/90

SITE 82 07/29/90

The dependent variables were changes in percent cover or species richness, and the

independent variables were lake basin, campsite within lake basin, impact strata and

planting status (whether or not quadrat received transplants). Interactions between

lake basin and impact strata, lake basin and planting status, and impact strata and

planting status were included in the model.

The influence of soil scarification on percent cover change and species

richness change was examined using analyses of variance that compared a scarified
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site (82) and an unscarified site (39) at Lower Cathedral Lake. Relationships

between change in percent cover and initial vegetation cover, and between change in

species richness and initial vegetation cover were tested using Pearson's correlation

coefficients (2-tailed tests).
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RESULTS AND DISCUSSION

Change in Vegetation Cover

Data on changes in percent vegetation cover from pre-treatment 1987 to 1990

were fairly normally distributed, and centered on zero, across all sampled quadrats,

and within basins and sites.

Changes in percent cover differed somewhat among lake basins (p = 0.18),

and differed among sites within basins (p < 0.01), but did not differ among impact

strata (p = 0.41), or between planted and unplanted quadrats (p = 0.57, Table 9).

However, percent cover data were highly variable (Table 10). This variability,

combined with small sample sizes and generally small cover changes may have made

it difficult to detect differencess attributable to these factors, if differences existed.

Due to the apparent influence of sites within lake basins, the focus of this analysis of

percent change in cover was on site-level variation that may have contributed to

differences in vegetation recovery.

General Trends

Mean change in percent cover across all sampled quadrats was small, 0.71,

and changes in percent cover on individual quadrats ranged from -12.9 to 23.0 (Table

10). Mean changes in percent cover on treated sites ranged from -0.37 to 4.36, with

three sites having a net decrease in percent cover (Table 10).
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The changes in percent cover documented in this study should be interpreted

with caution, because the small changes may have been influenced by sampling error.

However, the precision of percent cover estimates in the study was high. Pre-

treatment and post-treatment percent cover estimates were identical on 114 of the 122

quadrats (93.4%) that were sampled but not planted.

TABLE 9. Analysis of variance for change in percent cover: sum of squares (SS),
degrees of freedom (df), mean square (MS), F value (F), and
significance of F (p).

SOURCE SS df MS F P

WITHIN CELLS 2009.06 177 11.35

CONSTANT 46.86 1 46.86 4.13 0.04

BASIN' 333.89 2 166.94 2.46 0.18

SITE WITHIN BASIN
(ERROR 1) 339.76 5 67.95 5.99 0.00

IMPACT STRATUM 20.48 2 10.24 0.90 0.41

PLANTING 3.75 1 3.75 0.33 0.57

PLANTING BY 12.23 2 6.12 0.54 0.58
STRATUM

PLANTING BY BASIN 13.06 2 6.53 0.58 0.56

STRATUM BY BASIN 12.98 4 3.25 0.29 0.89

1 Basin was tested against Error 1 mean square; all other factors were tested against
within cells mean square.
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Summary statistics for change in percent cover from pre-treatment 1987
to 1990: sample size (N), mean (standard error in parentheses), and
quadrat-level range.

LOCATION N MEAN (SE) RANGE

ALL AREAS 214 0.71 (0.24) -12.9 - 23.0

ELIZABETH LAKE 48 0.69 (0.39) 6.9 15.0

SITE 18 23 1.31 (0.80) 6.9 15.0

SITE 20 25 0.12 (0.13) 1.9 2.0

BUDD LAKE 110 0.05 (0.17) 8.0 6.0

SITE 3 30 0.47 (0.23) 2.9 4.6

SITE 35 20 -0.37 (0.50) 7.5 3.0

SITE 37 30 -0.22 (0.27) 4.0 3.0

SITE 41 30 0.18 (0.36) 8.0 6.0

LOWER CATHEDRAL
LAKE 56 2.03 (0.78) -12.9 23.0

SITE 39 28 -0.31 (0.71) -11.4 5.5

SITE 82 28 4.36 (1.26) -12.9 23.0

Influence of Lake Basin

Changes in percent cover differed somewhat among lake basins (p = 0.18,

Table 9). Mean change in percent cover was 0.69 at Elizabeth Lake, 0.05 at Budd

Lake, and 2.03 at Lower Cathedral Lake (Table 10).

Although small, the observed differences in percent cover change among lake
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basins may be based, in part, on different visitor use patterns related to management

strategies implemented at the basin level.

The largest mean increase in percent cover, 2.03, occurred at Lower Cathedral

Lake, where camping is still permitted. The lake receives heavy use by backpackers,

day hikers and fishermen, but sites selected for closure and rehabilitation were clearly

marked with signs, and alternative campsites were available. The popularity of

Lower Cathedral Lake makes frequent ranger patrols necessary, which may deter

campers from using closed sites. It is likely that treated sites at Lower Cathedral

Lake were not subject to as much post-treatment trampling as sites at Budd or

Elizabeth Lakes.

Elizabeth Lake basin, where mean change in percent cover was 0.69, is a very

popular destination for day hikers. The Elizabeth Lake trailhead is located in a large

campground, and the trail to the lake is easy to follow, which encourages visitors

seeking a short hike. Signs at the trailhead indicating that the basin is closed to

overnight use reduce the likelihood of illegal camping, but the high volume of day use

maintains a high degree of environmental degradation. Treated sites at Elizabeth

Lake were not marked with signs. The lack of signs, coupled with heavy day use,

may have contributed to poor vegetation recovery on treated sites. To rehabilitate this

lake basin, campsite restoration must be conducted in concert with a comprehensive

visitor management plan. Limitations on day use at Elizabeth Lake should be

considered.
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Budd Lake basin experienced the lowest mean increase in percent cover, 0.05.

The trail from Highway 120 to Budd Lake is not maintained by the National Park

Service. In spite of this, the hike is easy, the trail is easy to follow, trails around the

periphery of the lake are well-defined, and the views are outstanding. These features

guarantee continued use of this area.

Budd Lake basin is closed to overnight use, but personal observations show

that illegal camping is common. Because Budd Lake receives fewer visitors than

Elizabeth or Lower Cathedral Lakes, it is a lower priority for backcountry ranger

patrols. Visitors may believe they can camp illegally without being caught. Cross-

country backpackers approaching the lake from the west or south may be unaware that

camping is prohibited and unintentionally camp in treated sites. Site 3 was not signed

as a revegetation site until 1989, and Sites 35, 37 and 41 were never signed. If

vegetation recovery is to occur at Budd Lake, the restriction against camping must be

enforced and repeated trampling of sites by day hikers must be prevented.

Environmental characteristics varied among the three lake basins, but

campsites within lake basins were also variable, making it difficult to address basin-

level differences that may have influenced changes in percent cover.

Influence of Campsite

Changes in percent cover differed among treated campsites within lake basins

(p < 0.01, Table 9), ranging from -0.37 at Budd Lake Site 35 to 4.36 at Lower
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Cathedral Lake Site 82 (Table 10). These site-level differences indicate a need to

address resource degradation and rehabilitation of subalpine backcountry camping

areas on a site-by-site basis.

Differences in changes in vegetation cover among campsites may relate to

topographic variation and the influence of topographic position on environmental

factors that affect plant growth. The influence of topographic position in the Sierra

Nevada subalpine zone is reflected by the myriad of microenvironments occurring

there (Klickoff 1965, Burke 1982). Each microenvironment is characterized by a

unique set of microclimatic variables and substrate peculiarities, including solar

exposure, soil temperature, depth of thaw, wind effects, snow drifting (Billings and

Mooney 1968), drainage patterns, and susceptibility to erosion, all of which affect

moisture availability.

Soil moisture tends to be low during the summer in the Sierra Nevada (Chabot

and Billings 1972, Vankat 1982, Burke 1982), and it is primarily lack of soil

moisture, not poor soil quality or the absence of specific growth substances, that

prevents establishment of vegetation (Ellison 1949). Thus, different moisture regimes

associated with topographic positions of individual sites may profoundly affect

vegetation recovery.

Changes in percent cover on degraded sites also may be affected by soil

type, depth, structure, and fauna, soil compaction levels, and current and past visitor
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use patterns (Holmes 1979, Ranz 1979, Reeves et al. 1979, Stohlgren 1986, Kuss et

al. 1986, Hammitt and Cole 1987, Ross 1990, Perry and Amaranthus 1990).

The site factor affecting recolonization on campsites that has received the most

attention is soil compaction, which is caused by trampling and exacerbated by rain

hitting bare ground (Frissell 1978). Compaction increases soil bulk density, which

can reduce infiltration rates, increase erosion, reduce soil air space, and cause

variations in soil nutrient cycling, moisture regimes, and cation exchange capacities

(Chappell et al. 1971, Cole 1977, Legg et al. 1980, Hammitt and Cole 1987). Soil

compaction discourages the spread of fibrous roots and rhizomes, may discourage

rodents from digging through the hardened soil, and may limit movement of other

subterranean fauna (Holmes 1979).

Vegetation recovery also will be affected by the extent of vegetation loss on

sites, because cover loss influences soil temperatures and soil temperature fluctuations

(Ellison 1949, Legg et al. 1980, Willard and Man 1971, Hammitt and Cole 1987).

Lack of cover allows rapid heat loss at night and heating during the day, and rapid

movement of air over bare ground (Ellison 1949). These processes hasten

evaporation and reduce soil moisture, and may decrease the number of

microenvironments favorable to germination and establishment (Ellison 1949).

Elizabeth Lake Site 18 Mean pre-treatment vegetation cover on Site 18 was

5.76% (Table 11) and ranged from 0 40% per quadrat. Mean initial cover was
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0.03%, 0.74%, and 12.5% for barren core, moderately trampled, and peripheral

quadrats, respectively (Table 12).

Mean change in percent cover from pre-treatment 1987 to 1990 across all

impact strata was 1.31 (Table 10), the second largest increase among study sites.

Absolute changes were small, but they represented a 7800% increase on barren core

quadrats and a 242% increase on moderately trampled quadrats (Table 12).

TABLE 11. Mean initial vegetation conditions and mean changes in vegetation
occurring between 1987 and 1990 by site: P.P.C. = pre-treatment
percent cover (%), C.P.C. = change in percent cover (%), P.S.R. =
pre-treatment species richness, and C.S.R. = change in species
richness.

LOCATION P.P.C. C.P.0 P.S.R. C.S.R.

ELIZABETH LAKE

SITE 18 5.76 1.31 1.44 0.61

SITE 20 6.75 0.12 0.48 0.56

BUDD LAKE

SITE 3 1.12 0.47 0.90 0.63

SITE 35 5.88 -0.37 2.45 0.10

SITE 37 4.13 -0.22 2.00 -0.13

SITE 41 0.84 0.18 0.13 0.07

LOWER CATHEDRAL LAKE

SITE 39 16.50 -0.31 1.75 0.68

SITE 82 22.90 4.36 2.61 1.75



41

TABLE 12. Mean vegetation cover (%) by impact stratum (standard errors in
parentheses) for Site 18 at beginning (1987) and end of study (1990).

IMPACT STRATUM 1987 1990

BARREN CORE (N = 3) 0.03 (0.03) 2.37 (1.07)

MODERATELY
TRAMPLED (N = 10) 0.74 (0.33) 2.53 (0.47)

PERIPHERAL (N = 10) 12.49 (4.23) 13.02 (5.25)

None of the 26 transplants planted on sampled quadrats in 1987 survived

(Table 13). One week after transplanting, all transplants showed reduced vigor.

Mortality among 1987 plantings may be due to division of sod mats prior to

transplanting. Division damaged root systems and probably aggravated transplant

shock. In contrast, the survival rate for the 20 transplants planted in 1988 (including

both transplants and clumps of nursery propagules) was 100% (Table 13). Survival

rates for transplants planted on sampled quadrats only are presented in this chapter for

association with observed changes in percent cover on sampled quadrats. A summary

of results of the entire transplanting effort, which involved sampled and unsampled

quadrats, is presented in Appendix III. One plant established voluntarily on Site 18

between 1987 and 1990.

Overall, vegetation recovery at this site is progressing relatively well, possibly

because it is located in a mesic environment, indicated by the presence of Vaccinium



42

nivictum and Phyllodoce breweri (Munz and Keck 1973). Although Site 18

experienced a small increase in absolute cover, the area surrounding the site is

sparsely vegetated, and the site is beginning to blend visually with the surroundings.

However, Site 18 is an attractive site located close to the edge of Elizabeth Lake.

This feature, and the lack of revegetation signs in Elizabeth Lake basin, make the site

subject to continued use by day hikers and picnickers. Maintenance of transplanted

vegetation and natural reestablishment of Vaccinium nivictum and other species

growing in peripheral areas may require additional protection from trampling.

TABLE 13. Number of transplants planted in sampled quadrats in 1987 and percent
surviving in 1990 (%); figures for 1988 transplants in parentheses.

LOCATION # TRANSPLANTS %

ALL AREAS 136 13

ELIZABETH LAKE 60 (41)' 0 (76)

SITE 18 26 (20) 0 (100)

SITE 20 34 (21) 0 (48)

BUDD LAKE 54 6

SITE 3 11 18

SITE 35 9 11

SITE 37 21 0

SITE 41 13 0

LOWER CATHEDRAL LAKE 22 64

SITE 39 7 57

SITE 82 15 67

1 Includes direct transplants or clumps of nursery propagules (see Methods).
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Elizabeth Lake Site 20 At Site 20, mean pre-treatment vegetation cover

was 6.75% (Table 11) and ranged from 0 73% per quadrat. Mean initial cover was

0.32%, 0.17%, and 16.55% on barren core, moderately trampled, and peripheral

quadrats, respectively (Table 14).

Mean change in percent cover from pre-treatment 1987 to 1990 was 0.12

(Table 10), the lowest increase in cover among treated sites. Although mean change

was small, cover on barren core and moderately trampled quadrats increased by 144%

and 141%, respectively. Peripheral quadrats had a small loss of cover (Table 14).

TABLE 14. Mean vegetation cover (%) by impact stratum (standard errors in
parentheses) for Site 20 at beginning (1987) and end of study (1990).

IMPACT STRATUM 1987 1990

BARREN CORE (N = 5) 0.32 (0.32) 0.78 (0.42)

MODERATELY
TRAMPLED (N = 10) 0.17 (0.12) 0.41 (0.14)

PERIPHERAL (N = 10) 16.55 (9.28) 16.37 (9.29)

The 34 transplants planted on sampled quadrats in 1987 did not survive (Table

13). As with Site 18, mortality may relate to sod mat division prior to transplanting.

The survival rate for the 21 transplants planted in 1988 (including both transplants and

clumps of nursery propagules) was 48% (Table 13) and five plants established

voluntarily between 1987 and 1990.
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The relatively low increase in percent cover on Site 20, as compared to Site

18, may be due, in part, to Site 20's proximity to a heavily-used trail. The relatively

mesic conditions in Site 18 also may have contributed to larger increases in percent

cover on that site.

Without additional protection, treated sites at Elizabeth Lake are likely to

receive continued trampling. Even if overnight use does not occur, day use visitors

frequently select abandoned campsites for picnicking (Lester and Calder 1979),

resulting in continued trampling of vegetation and compaction of soils.

Budd Lake Site 3 Site 3 had a mean pre-treatment vegetation cover of 1.12%

(Table 11) and cover values ranged from 0 12.5% per quadrat. Mean initial cover

was 0.0%, 0.61%, and 2.56% on barren core, moderately trampled, and peripheral

quadrats, respectively (Table 15).

TABLE 15. Mean vegetation cover (%) by impact stratum (standard errors in
parentheses) for Site 3 at beginning (1987) and end of study (1990).

IMPACT STRATUM 1987 1990

BARREN CORE (N = 10) 0.00 (0.00) 0.05 (0.02)

MODERATELY
TRAMPLED (N = 9) 0.61 (0.26) 1.28 (0.53)

PERIPHERAL (N = 11) 2.56 (1.16) 3.26 (1.45)
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Mean change in percent cover from pre-treatment 1987 to 1990 was 0.47

(Table 10), which was intermediate compared to other study sites, but the largest

increase at Budd Lake. Although mean change was small, cover on moderately

trampled and peripheral quadrats increased by 110%, and 27%, respectively, and

cover on barren core areas increased slightly (Table 15).

The survival rate for the 11 transplants on sampled quadrats was 18% (Table

13). Twenty-one plants established voluntarily in sampled quadrats, and three

Lupinus covillei seedlings established in unsampled quadrats.

Percent cover increases were greater here than on other Budd Lake sites. Site

3 is within 7 m of a perennial creek and the presence of Lupinus covillei indicates it is

in a moister environment (Munz and Keck 1973) than Sites 35, 37 or 41. This may

enhance transplant survival, volunteer establishment, and spread of existing

vegetation, leading to increases in percent cover.

Site 3 is between Budd Lake and a very scenic viewpoint to the north, and is

close to the lake basin's main point of access. The site was probably trampled by day

and illegal overnight use until 1989, when signs were erected. The surrounding area

is sparsely vegetated and if additional trampling can be prevented, small increases in

cover should continue and the site soon should resemble adjacent areas.

Budd Lake Site 35 Mean pre-treatment cover on Site 35 was 5.88% (Table

11) and ranged from 0 21% per quadrat. Mean cover for barren core quadrats was
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0.79%; and peripheral quadrats had a mean cover of 10.97% (Table 16). This site

had no moderately trampled areas.

Mean change in percent cover from pre-treatment 1987 to 1990 was -0.37

(Table 10), which is the greatest loss of cover among all study sites. Cover decreased

on all impact strata over the three year study period. The survival rate for the nine

transplants in sampled quadrats was 11% (Table 13), and 12 plants established

voluntarily on the site.

Site 35 is an attractive campsite, with excellent views and protection from

wind, but rehabilitation efforts may have been successful in discouraging further use.

Its former campsite status was well disguised by logs and rocks during site treatment

and it looked as if the site had received little or no use between 1987 and 1990. If

illegal camping can be prevented, the establishment of volunteers indicates that

vegetation recovery may progress with no further treatment.

TABLE 16. Mean vegetation cover (%) by impact stratum (standard errors in
parentheses) for Site 35 at beginning (1987) and end of study (1990).

IMPACT STRATUM 1987 1990

BARREN CORE (N = 10)

MODERATELY
TRAMPLED (N = 0)

PERIPHERAL (N = 10)

0.79

10.97

(0.31)

(2.07)

0.61

10.42

(0.24)

(1.63)
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Budd Lake Site 37 At Site 37, mean pre-treatment vegetation cover was

4.13% (Table 11) and ranged from 0 30% per quadrat. Mean initial cover was

0.34%; 3.16%, and 8.90% for barren core, moderately trampled, and peripheral

quadrats, respectively (Table 17).

Mean change in percent cover between 1987 and 1990 was -0.22 (Table 10),

one of three study sites with a decrease in percent cover. Cover decreased on all

impact strata (Table 17). None of the 21 transplants on sampled quadrats survived

(Table 13), but eight plants established voluntarily.

TABLE 17. Mean vegetation cover (%) by impact stratum (standard errors in
parentheses) for Site 37 at beginning (1987) and end of study (1990).

IMPACT STRATUM 1987 1990

BARREN CORE (N = 10) 0.34 (0.18) 0.27 (0.15)

MODERATELY
TRAMPLED (N = 10) 3.16 (0.97) 2.79 (0.73)

PERIPHERAL (N = 10) 8.90 (2.64) 8.68 (2.66)

Site 37 is not adjacent to day use trails but is an attractive, sheltered campsite

and appeared to have been subject to illegal camping between 1987 and 1990. As

with Site 35, volunteer establishment is occurring, and if the site can be protected

from trampling, vegetation recovery may occur.
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Budd Lake Site 41 Mean pre-treatment vegetation cover on Site 41 was

0.84% (Table 11) with a range of 0 - 10% per quadrat. Mean cover was 0.0%,

0.01%, and 2.50% for barren core, moderately trampled, and peripheral quadrats,

respectively (Table 18).

Mean change in percent cover was 0.18 (Table 10), which was intermediate

for Budd Lake, and the second smallest increase among treated sites. Small increases

occurred on moderately trampled and peripheral quadrats, but the barren core

remained completely devoid of vegetation (Table 18).

TABLE 18. Mean vegetation cover (%) by impact stratum (standard errors in
parentheses) for Site 41 at beginning (1987) and end of study (1990).

IMPACT STRATUM 1987 1990

BARREN CORE (N = 10) 0.00 (0.00) 0.00 (0.00)

MODERATELY
TRAMPLED (N = 10) 0.01 (0.01) 0.30 (0.21)

PERIPHERAL (N = 10) 2.50 (1.29) 2.75 (1.20)

All 13 transplants on sampled quadrats in this site died (Table 13). Six plants

established voluntarily on moderately trampled and peripheral quadrats. There are

many possible reasons for the small increase in cover on Site 41. A 7 15 cm layer

of litter and duff, which is deeper than on other study sites, may have discouraged
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establishment by not allowing seeds to reach a suitable substrate for rooting. The

relatively dense accumulation of litter may be due to a greater input of materials from

the canopy. However, the accumulation also may indicate an altered soil

microorganism community. Populations of organisms affecting decomposition and

mineralization may be reduced because of altered soil

properties associated with camping (Hammitt and Cole 1987). Mineralization of

organic matter may be limited by a shortage of oxygen resulting from soil compaction

(Liddle 1975). Studies to determine whether or not soil microorganism populations in

this site differ from surrounding areas may provide insight into the slow rate of

vegetation recovery. Site 41 is surrounded by trees, and receives more shade than

other study sites, and seedlings may be unable to establish and grow in the shade.

Although not adjacent to day use trails, Site 41 is very sheltered, is a prime

candidate for illegal camping, and appeared to have been used between 1987 and

1990. Trampling may have killed transplants and volunteers.

All four sites at Budd Lake exhibited very low changes in vegetation cover.

Sites 35, 37 and 41 are close to one another on a slope above the west shore of Budd

Lake, and have similar medium to fine grained sandy loam soils. In contrast, Site 3,

which had the largest increase, is north of the lake near Budd Creek, and has coarser,

potentially less compactible soils. Site 3 receives more direct sunlight than the other

sites.
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There are few places at Budd Lake that are suitable for camping, and it is

assumed that, historically, all study sites received high levels of trampling. The

degraded condition of soils on heavily-used sites may have a profound negative effect

on soil rhizosphere organisms, such as mycorrhizal fungi (Reeves et al. 1979, Perry

and Amaranthus 1990), which improve plant growth through their effects on nutrient

cycling, water and nutrient uptake (particularly phosphorus), soil aeration, and soil

water-holding capacities (Perry and Amaranthus 1990). Alterations in mycorrhizal

population structures, spatial distribution, abundance and behavior affect soil water

dynamics and vegetation structure and development (Reeves et al. 1979, Hammitt and

Cole 1989). Loss of rhizosphere organisms may have a profound impact on droughty

or otherwise stressful sites, such as sites in this study, where seedling survival

depends on rapid exploitation of the soil (Perry and Amaranthus 1990). Mycorrhizal

plants that establish on campsites may die in the seedling stage if symbionts are not

present. Thus, altered soil microorganism populations may have influenced rates of

vegetation recovery at Budd Lake, as well as other lake basins in this study.

Specific information on the mycorrhizal relationships of species native to areas

surrounding the sites in this study is scant. The annual species and the perennial

graminoids found on study sites are likely to be non-mycorrhizal, but may form

associations with vesicular-arbuscular mycorrhizal (VAM) fungi (Perry 1992, personal

communication). In general, reestablishment of understory vegetation will not

stabilize the mycorrhizal fungi communities that are required for conifer
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reestablishment (Perry 1992, personal communication). Most California pine species

are ectomycorrhizal (St. John 1987), but some conifers are known to form

associations with VAM fungi (Perry 1992, personal communication). Further studies

on the mycorrhizal relationships of subalpine Sierra Nevada species and investigations

on the condition of mycorrhizal fungi populations on disturbed sites may help explain

slow recovery rates and enhance the success of future revegetation attempts.

Finally, Site 3 is the only Budd Lake site with a sign to keep visitors from

walking through the site. Soil type and condition, exposure to light, available

moisture, and degree of site protection all may account for variation in vegetation

recovery at Budd Lake.

Lower Cathedral Lake Site 39 Mean pre-treatment cover on Site 39 was

16.5% (Table 11) and ranged from 0 90% per quadrat. Mean cover was 0.51%,

10.41%, and 37.35% on barren core, moderately trampled, and peripheral quadrats,

respectively (Table 19).

Mean change in percent cover from pre-treatment 1987 to 1990 was -0.31

(Table 10), the second greatest loss of cover among treated sites. Barren core and

moderately trampled areas increased in cover by 241% and 12%, respectively, but

there was a loss of cover on peripheral quadrats (Table 19).

The survival rate for the seven transplants on sampled quadrats was 57%

(Table 13), and 14 plants established voluntarily. The mean loss in cover that
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TABLE 19. Mean vegetation cover (%) by impact stratum (standard errors in
parentheses) for Site 39 at beginning (1987) and end of study (1990).

IMPACT STRATUM 1987 1990

BARREN CORE (N = 10) 0.51 (0.28) 1.74 (0.43)

MODERATELY
TRAMPLED (N = 8) 10.41 (2.80) 11.63 (2.61)

PERIPHERAL (N = 10) 37.35 (9.75) 34.28 (8.68)

occurred in spite of relatively high transplant survival was related to sheet erosion.

Site 39 lies between a series of granite slabs and the lake. Removal of vegetation

caused by camping has accelerated runoff through the site. Heavy rainfall in early

summer, 1990, resulted in deposition of decomposed granite on the site, burying some

of the existing vegetation, transplants and volunteer seedlings.

This site is relatively mesic, as evidenced by the presence of Carex spectabilis

(Munz and Keck 1973), and when revegetation efforts began it was anticipated that

Site 39 would recover more rapidly than drier sites. This may have been an accurate

prediction if erosion and deposition had not occurred.

Site 39 is not likely to receive illegal camping as it is well-signed and is not an

appealing campsite. If erosional events do not recur, revegetation should progress

without further assistance.
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Lower Cathedral Lake Site 82 At Site 82, mean pre-treatment vegetation

cover was 22.9% (Table 11) and ranged from 0 - 89% per quadrat. Mean initial

cover was 0.48%, 6.31% and 71.68% on barren core, moderately trampled and

peripheral quadrats, respectively (Table 20).

TABLE 20. Mean vegetation cover (%) by impact stratum (standard errors in
parentheses) for Site 82 at beginning (1987) and end of study (1990).

IMPACT STRATUM 1987 1990

BARREN CORE (N = 8) 0.48 (0.16) 4.24 (0.91)

MODERATELY
TRAMPLED (N = 10) 6.31 (1.52) 9.46 (2.27)

PERIPHERAL (N = 10) 71.68 (4.05) 78.31 (1.45)

Mean change in percent cover from pre-treatment 1987 to 1990 was 4.36

(Table 10), the largest increase in cover among study sites. Cover on barren core

areas increased by 783%, moderately trampled areas experienced a 50% increase, and

peripheral areas increased by 9% (Table 20).

The survival rate for the 15 transplants on sampled quadrats was 67% (Table

13), the highest survival rate among study sites, and 45 plants established voluntarily.

The shallow, coarse, decomposed granite soils on this site may have influenced the

increase in percent cover and frequency of volunteer establishment. The other treated
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sites, with the exception of Budd Lake Site 3, have finer textured soils with more

organic matter. Soil compaction from trampling may be less detrimental on coarse,

sandy soils, such as decomposed granite, as compaction of these soils reduces the

volume of macropore space, which cannot hold moisture, while increasing the volume

of micropore space, which can hold moisture (Hammitt and Cole 1987). Thus,

compaction here actually may increase water availability for plant germination,

establishment and growth. Recent signs of activity around rodent burrows on this

site, signs that were not seen on other treated sites, supports the idea that soil

compaction here may be less severe than on other treated sites.

Site 82 receives full sunlight, in contrast to other treated sites which

experience a range of shading. This site also is immediately adjacent to a series of

granite slabs, and runoff flows off the slabs into the site. As this site is fairly level,

the water remains on the site and increases soil moisture.

Located on a peninsula that is accessed by one trail, it is easy to indicate

clearly that Site 82 is closed and revegetation is in progress. Lower Cathedral Lake

basin is still open to overnight camping, but alternative sites are available, which

decreases the chances of overnight use on sites undergoing restoration.

Less compacted soils, abundant sunlight, runoff from surrounding granite

slabs, a relatively diverse vegetation community adjacent to the site and the ease of

site protection all increase the chances of successful vegetation recovery and may have

contributed to the relative success of vegetation recovery on this site.
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Both sites at Lower Cathedral Lake have the potential for successful recovery

without further manipulation. Site 39 may require erosion control measures, such as

diversion of runoff away from the site's barren core area until vegetation can become

established to slow the water flowing through the site.

Influence of Impact Strata

Changes in percent cover differed very little among impact strata (p = 0.41,

Table 9), partly because within-stratum variability was high. Mean change in percent

cover was 0.84, 0.99, and 0.36 on barren core, moderately trampled, and peripheral

quadrats, respectively (Table 21).

TABLE 21. Summary statistics for change in percent cover from pre-treatment 1987
to 1990 by impact stratum: sample size (N), mean (standard error in
parentheses), and range.

IMPACT STRATUM N MEAN RANGE

BARREN CORE 68 0.84 (0.23) 2.5 8.7

MODERATELY
TRAMPLED 67 0.99 (0.26) 2.6 8.0

PERIPHERAL 79 0.36 (0.59) -12.9 23.0
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The slightly larger increases in barren core and moderately trampled areas may

be due, in part, to the larger proportion of transplanting that occurred in these two

impact strata compared to peripheral areas. Barren core quadrats received 63% of the

transplants, moderately trampled received 30%, and peripheral received 7%.

In analysis of percent cover changes, it is important to quantify changes

relative to initial vegetation cover, as well as absolute changes. For example, on

barren core quadrats, mean relative cover increased 247%, which is substantial when

compared to initial barren core cover (Table 22). Relative changes were smaller in

moderately trampled areas (x = 34%) and peripheral quadrats (x = 2%). These

differences among strata result from the large influence small absolute changes have

on cover when initial cover is low.

TABLE 22. Mean percent cover (standard errors in parentheses) by impact stratum
for pre-treatment 1987 and 1990.

IMPACT STRATUM 1987 1990

BARREN CORE 0.34 (0.08) 1.18 (0.23)

MODERATELY TRAMPLED 2.88 (0.60) 3.87 (0.68)

PERIPHERAL 18.85 (2.95) 19.21 (3.03)
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Influence of Transplanting

Changes in percent cover did not differ between planted and unplanted

quadrats (p = 0.57, Table 9). Mean change in percent cover on planted quadrats was

0.83, and mean change on unplanted quadrats was 0.62 (Table 23).

TABLE 23. Mean change in percent cover (standard error in parentheses) from pre-
treatment 1987 to 1990: planted vs. unplanted quadrats.

SAMPLED AREA

PLANTED UNPLANTED

N MEAN (SE) N MEAN (SE)

ALL AREAS 91 0.83 (0.19) 123 0.62 (0.04)

ELIZABETH LAKE 29 0.98 (0.27) 19 0.25 (0.91)

SITE 18 13 1.81 (0.50) 10 0.67 (1.76)

SITE 20 16 0.30 (0.15) 9 -0.21 (0.21)

BUDD LAKE 42 -0.05 (0.14) 68 0.12 (0.25)

SITE 3 10 -0.02 (0.39) 20 0.72 (0.28)

SITE 35 7 -0.16 (0.33) 13 -0.48 (0.76)

SITE 37 14 -0.05 (0.29) 16 -0.37 (0.45)

SITE 41 11 -0.01 (0.01) 19 0.29 (0.57)

LOWER CATHEDRAL
LAKE 20 2.49 (0.54) 36 1.77 (1.18)

SITE 39 9 1.19 (0.31) 19 -1.00 (1.00)

SITE 82 11 3.55 (0.83) 17 4.89 (2.02)
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The slightly larger increase in percent cover on planted quadrats may be due to

survival of transplants and spread of existing vegetation. On unplanted quadrats,

increases in vegetation cover were due to spread of existing plants. On both planted

and unplanted quadrats, very small increases in cover may be due to volunteer

establishment.

Changes in percent cover were highly variable on both planted and unplanted

quadrats (Table 23), resulting, in part, from highly variable transplant survival rates

(Table 13 and Appendix III). Thus, larger sample sizes than those used in this study

may have been required to detect an effect of planting on percent cover changes, if

one existed. It seems likely that transplanting affected percent cover changes on sites

where transplant survival was high. For example, among planted quadrats, the largest

increases in percent cover occurred on Elizabeth Lake Site 18 and Lower Cathedral

Lake Site 82, two sites that experienced relatively high transplant survival rates.

Influence of Volunteer Establishment

Although 29 different species established voluntarily in the study area, the

volunteers were too small to affect vegetation cover significantly. See Chapter 3 for

an analysis of volunteer establishment.
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Influence of Soil Scarification

At Lower Cathedral Lake, percent cover increases were greater on a scarified

site (7 = 4.36), Site 82, than on an unscarified site (7 = -0.31; Table 24), Site 39

(p < 0.01, Table 25). These differences may relate to soil scarification. By

loosening the soil surface, scarification can improve conditions for plant establishment

and bring seed from the soil seed bank close enough to the surface to germinate.

Scarification may increase transplant survival by increasing infiltration rates, or by

softening the soil surrounding transplants, allowing root penetration and exploitation

of soil resources. However, these two sites differ in many characteristics, including

degree of shading, soil type, and location. In addition, percent cover change differed

among impact strata on these two sites (p = 0.06, Table 25). Therefore, the effects

of scarification on percent cover change cannot be isolated in this study.

TABLE 24. Percent cover change per quadrat (standard error in parentheses) at
Lower Cathedral Lake sites by impact stratum.

IMPACT STRATUM SITE 39 SHE 82

ALL -0.31 (0.71) 4.36 (1.26)

BARREN CORE 1.23 (0.28) 3.76 (0.89)

MODERATELY TRAMPLED 1.21 (0.83) 3.15 (1.14)

PERIPHERAL -3.07 (1.54) 6.64 (4.11)
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TABLE 25. Analysis of variance for change in percent cover at Lower Cathedral
Lake: sum of squares (SS), degrees of freedom (df), mean square
(MS), F value (F), and significance of F (p) .

SOURCE SS df MS p

WITHIN 1396.56 50 27.93

CONSTANT 256.81 1 256.81 9.19 0.00

SITE 309.12 1 309.12 11.07 0.00

IMPACT STRATUM 4.77 2 2.38 0.09 0.92

SITE BY STRATUM 168.85 2 84.43 3.02 0.06

Relationship Between Percent Cover Change and Initial Vegetation Cover

The changes in percent cover occurring between pre-treatment 1987 and 1990

were correlated with the amount of vegetation cover present before site treatment on

half of the treated sites, and in all but one of these sites, the relationship was negative

(Table 26). The strongest correlation was at Lower Cathedral Lake Site 39 (r =

-0.78; p < 0.01, Table 26), where barren core quadrats began with low cover and

had a 241% increase due largely to transplanting success, while peripheral quadrats

began with high cover and had a mean loss of cover between 1987 and 1990. The

loss of cover on peripheral quadrats was due to deposition of decomposed granite on

vegetation. These factors resulted in a negative association between initial vegetation

cover and vegetation cover change on the site.
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The negative correlations at Budd Lake Sites 35 and 41 are not readily

explainable. If transplanting had been successful, negative correlations might be

expected because planting density varied inversely with original cover. However, all

transplants died at Site 41, and survival was low at Site 35, suggesting that these

correlations are spurious or have other causes. Similarly, the positive correlation at

Budd Lake Site 3 is not readily explained.

TABLE 26. Initial percent cover (I.P.C); mean change in percent cover from pre-
planting 1987 to 1990 (C.P.C.); and correlation coefficients (r) and
probability values (p) for the relationship between initial cover and
change in percent cover.

LOCATION N I.P.C. C.P.C. r P

ALL AREAS 214 7.97 0.71 -0.01 0.99

ELIZABETH LAKE

SITE 18 23 5.76 1.31 0.22 0.31

SITE 20 25 6.75 0.12 -0.15 0.47

BUDD LAKE

SITE 3 30 1.12 0.47 0.37 0.04

SITE 35 20 5.88 -0.37 -0.48 0.03

SITE 37 30 4.13 -0.22 -0.19 0.31

SITE 41 30 0.84 0.18 -0.43 0.02

LOWER CATHEDRAL LAKE

SITE 39 28 16.50 -0.31 -0.78 0.00

SITE 82 28 22.90 4.36 -0.07 0.71
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Change in Species Richness

Data on changes in species richness from pre-treatment 1987 to 1990 had

reasonably normal distributions, which were centered near zero, across the study area

and within basins and sites. Species richness changes differed among lake basins (p

= 0.07), among sites within basins (p < 0.01), and among impact strata (p < 0.01),

and interactions were detected between transplanting status and impact strata (p =

0.05, Table 27).

TABLE 27. Analysis of variance for species richness change: sum of squares (SS),
degrees of freedom (df), mean square (MS), F value (F), and
significance of F (p).

SOURCE SS df MS F P

WITHIN CELLS 155.25 177 0.88

CONSTANT 17.20 1 17.20 19.61 0.00

BASIN' 47.07 2 23.53 4.68 0.07

SHE WITHIN BASIN
(ERROR 1) 25.13 5 5.03 5.73 0.00

IMPACT STRATUM 11.35 2 5.67 6.47 0.00

PLANTING 1.51 1 1.51 1.73 0.19

PLANTING BY STRATUM 5.51 2 2.76 3.14 0.05

PLANTING BY BASIN 2.54 2 1.27 1.45 0.24

STRATUM BY BASIN 6.47 4 1.62 1.84 0.12

1 Basin effects were tested against Error 1 mean square; all other factors were tested
against within cells mean square.
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General Trends

Mean change in species richness across all sampled quadrats was 0.54 species,

with richness change on individual quadrats ranging from -3 to 5 species (Table 28).

Mean species richness change for campsites ranged from -0.13 species per quadrat to

1.75 species per quadrat.

TABLE 28. Summary statistics for changes in species richness per quadrat from
pre-treatment 1987 to 1990: sample size (N), mean, (standard error in
parentheses), and range.

LOCATION N MEAN (SE) RANGE

ALL AREAS 214 0.54 (0.08) -3 5

ELIZABETH LAKE 48 0.58 (0.14) -1 3

SITE 18 23 0.61 (0.23) -1 3

SITE 20 25 0.56 (0.17) -1 3

BUDD LAKE 110 0.17 (0.10) -3 4

SITE 3 30 0.63 (0.22) -2 4

SITE 35 20 0.10 (0.22) -2 2

SITE 37 30 -0.13 (0.21) -3 2

SITE 41 30 0.07 (0.08) -1 - 1

LOWER CATHEDRAL LAKE 56 1.21 (0.19) -1 5

SITE 39 28 0.68 (0.21) -1 4

SITE 82 28 1.75 (0.29) 0 5
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Influence of Lake Basin

Changes in species richness varied among lake basins (p = 0.07, Table 27),

with mean changes of 0.17, 0.58, and 1.21 species per quadrat at Budd Lake,

Elizabeth Lake, and Lower Cathedral Lake, respectively (Table 28). This ordering of

lake basins by increasing species richness change parallels their order of increase in

percent cover change (Table 10). The larger increase at Lower Cathedral Lake may

be due, in part, to greater initial species richness in this basin, as reflected by initial

richness in peripheral quadrats. In peripheral areas, initial species richness averaged

1.40, 1.92, and 3.34 species per quadrat at Elizabeth, Budd, and Lower Cathedral

Lake, respectively. Greater species richness may provide a more diverse seed pool

for recolonization, enhancing the chance of increasing species richness. Differences

in species richness change among lake basins also may be due, in part, to different

visitor use patterns related to basin locations and management strategies.

Influence of Campsite

Species richness changes differed among campsites within lake basins (p <

0.01, Table 27), ranging from -0.13 species per quadrat at Budd Lake Site 37 to 1.75

species per quadrat at Lower Cathedral Lake Site 82 (Table 28). These site-level

differences support the previous conclusion that management of subalpine wilderness

areas should be done on a site-by-site basis.
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Changes in species richness can occur through survival of transplants, spread

of existing plants onto previously uncolonized quadrats, voluntary establishment, or

mortality of existing vegetation. Site factors influencing changes in species richness

include the availability of viable seed and microenvironments suitable for germination

and establishment of new plants, and the availability of nutrients, water and sunlight

to support transplants and encourage growth of existing vegetation.

Species richness increases on sites undergoing restoration should be considered

in terms of the inherent species richness of the flora surrounding the site. The

objective is not simply to increase species richness without limit, but to establish

consistency in species richness between sites and their surroundings.

Elizabeth Lake Site 18 At Site 18, initial species richness averaged 1.44

species per quadrat (Table 11) and ranged from 0 to 4 species per quadrat. Mean

change in species richness from pre-treatment 1987 to 1990 was 0.61 species per

quadrat (Table 28), which was intermediate compared to other study sites. Site 18

experienced the second largest increase in percent cover among study sites.

The six species present in sampled quadrats prior to site treatment included

Carex rossii, Juncus parryi, Phyllodoce breweri, Pinus contorta, Pinus monticola,

and Vaccinium nivictum. Although the 1987 transplants died, all 20 transplants

planted on sampled quadrats in 1987 survived (Table 13). The surviving transplants

all were species occurring on the site prior to treatment in 1987, but if they were new
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to the quadrat on which they were planted, their survival influenced species richness.

The one volunteer, Poa nervosa, was a new species on the site.

Although the change in species richness per quadrat at Site 18 appears small,

mean richness on barren core quadrats increased from 0.67 species per quadrat to

1.67 species per quadrat between 1987 and 1990 (Table 29). This 149% increase

represents substantial progress toward matching the mean species richness of 2.1

species per quadrat in peripheral areas. Between 1987 and 1990, moderately

trampled quadrats increased 134% in species richness, to equal mean richness on

peripheral quadrats.

TABLE 29. Mean species richness per quadrat by impact stratum (standard errors in
parentheses) for Site 18 at beginning (1987) and end of study (1990).

IMPACT STRATUM 1987 1990

BARREN CORE (N = 3) 0.67 (0.33) 1.67 (0.33)

MODERATELY
TRAMPLED (N = 10) 0.90 (0.23) 2.10 (0.31)

PERIPHERAL (N = 10) 2.20 (0.36) 2.10 (0.38)

Elizabeth Lake Site 20 At Site 20, initial species richness averaged 0.48

species per quadrat (Table 11) and ranged from 0 to 2 species per quadrat. Mean

change in species richness from pre-treatment 1987 to 1990 was 0.56 species per
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quadrat (Table 28), which was a smaller change than occurred on half of the treated

sites. Site 20's rank in richness change relative to other sites was identical to its rank

in percent cover change.

The 5 species present in sampled quadrats prior to site treatment included

Calyptridium umbellatum, Carex rossii, Juncus parryi, Lupinus lyallii, and Pinus

contorta. Eleven transplants survived in sampled quadrats, all of these were species

that occurred on the site prior to treatment. Five plants, of five different species,

volunteered in sampled quadrats. Three of these, Carex spectabilis, Poa sp., and an

unidentified moss, were new to the site. Calyptridium umbellatum disappeared

between 1987 and 1990.

Barren core and moderately trampled quadrats increased in species richness by

250% and 175%, respectively, and richness per quadrat in these impact strata

exceeded richness in peripheral quadrats in 1990 (Table 30).

At Elizabeth Lake, Site 18 had a greater increase in percent cover than Site 20

(1.31 and 0.12, respectively, Table 10). Site 18 also had a slightly greater increase

in species richness than Site 20 (0.61 species and 0.56 species per quadrat,

respectively, Table 28). The two sites had similar mean cover at the beginning of the

study (Table 11), but Site 18 had greater initial species richness: 1.44 species per

quadrat vs. 0.48 species per quadrat at Site 20 (Table 11). The larger increases in

percent cover and richness at Site 18 may be due, in part, to the mesic condition of

the site. In addition, Site 18 is farther from trails than Site 20 and is less likely to
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TABLE 30. Mean species richness per quadrat by impact stratum (standard errors in
parentheses) for Site 20 at beginning (1987) and end of study (1990).

IMPACT STRATUM 1987 1990

BARREN CORE (N = 5) 0.40 (0.40) 1.40 (0.40)

MODERATELY
TRAMPLED (N = 10) 0.40 (0.27) 1.10 (0.28)

PERIPHERAL (N = 10) 0.60 (0.27) 0.80 (0.33)

receive continued trampling. However, due to the popularity of Elizabeth Lake,

vegetation recovery on both sites may benefit from placement of signs to prevent

further damage.

Budd Lake Site 3 Species richness on Site 3 prior to site treatment

averaged 0.90 species per quadrat (Table 11) and ranged from 0 to 3 species per

quadrat. Mean change in species richness from pre-treatment 1987 to 1990 was 0.63

species per quadrat (Table 28), the third largest increase in richness among study

sites. This site also experienced the third largest increase in percent cover among

study sites. Species richness increased from 0.00 to 0.50 species per quadrat in

barren core areas, and moderately trampled and peripheral quadrats increased in

richness by 73%, and 38%, respectively (Table 31).
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TABLE 31. Mean species richness per quadrat by impact stratum (standard errors in
parentheses) for Site 3 at beginning (1987) and end of study (1990).

IMPACT STRATUM 1987 1990

BARREN CORE (N = 10) 0.00 (0.00) 0.50 (0.22)

MODERATELY
TRAMPLED (N = 9) 1.22 (0.36) 2.11 (0.59)

PERIPHERAL (N = 11) 1.45 (0.39) 2.00 (0.56)

The 8 species present in sampled quadrats in Site 3 prior to treatment were

Calyptridium umbellatum, Carex rossii, Eriogonum sp., Juncus parryi, Lupinus

covillei, Lupinus lyallii, Pinus albicaulis, and Pinus contorta. Two transplants

survived and 21 plants (5 species) established voluntarily in sampled quadrats. One

of the surviving transplants, Carex straminiformis, and one of the volunteers, an

unidentified Pinus, were new species on the site.

Budd Lake Site 35 At Site 35, initial species richness averaged 2.45

species per quadrat (Table 11) and ranged from 0 to 6 species per quadrat. Mean

change in species richness from pre-treatment 1987 to 1990 was 0.10 species per

quadrat (Table 28), one of the smallest increases among study sites. This site

experienced the largest decrease in percent cover among treated sites. Peripheral

quadrats had a 15%
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increase in species richness per quadrat, while barren core quadrats had a 19%

decrease (Table 32).

The 10 species present in sampled quadrats prior to site treatment included

Calyptridium umbellatwn, Carex rossii, Carex straminifonnis, Juncus parryi, Lupinus

lyallii, Montia sp., Muhlenbergia filiformis, Phlox sp., Streptanthus sp., and Trisetum

spicatum. One transplant survived and 12 plants (6 species) established voluntarily.

The surviving transplant was a species present on the site prior to treatment. Two of

the volunteers were Luzula divaricata and one was Poa nervosa, both new species in

sampled quadrats. The Phlox disappeared between 1987 and 1990.

TABLE 32. Mean species richness per quadrat by impact stratum (standard errors in
parentheses) for Site 35 at beginning (1987) and end of study (1990).

IMPACT STRATUM 1987 1990

BARREN CORE (N = 10)

MODERATELY
TRAMPLED (N = 0)

PERIPHERAL (N = 10)

1.60

3.30

(0.34)

(0.54)

1.30

3.80

(0.37)

(0.63)

Although the mean change in species richness on this site was very small, and

percent cover decreased, Site 35 did not appear to have been used for illegal camping
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between 1987 and 1990. Both species richness and percent cover may increase if the

site can be protected from trampling.

Budd Lake Site 37 Species richness on Site 37 before treatment

averaged 2.00 species per quadrat (Table 11) and ranged from 0 to 6 species per

quadrat. Mean change in species richness from pre-treatment 1987 to 1990 was -0.13

species per quadrat (Table 28), the only decrease in richness among study sites. Site

37 had the third greatest cover loss in the study. A 15% loss in species richness

occurred on peripheral quadrats, and richness on barren core and moderately trampled

quadrats did not change (Table 33).

The 14 species in sampled quadrats prior to treatment were Antennaria

cotymbosa, Calyptridium umbellatum, Carex rossii, Eriogonum sp., Juncus parryi,

Lupinus lyallii, Luzula divaricata, Penstemon rydbergii, Poa nervosa, Trisetum

spicatum, Tsuga mertensiana, an unidentified moss, an unidentified grass and an

unidentified lichen. No transplants survived on sampled quadrats. Eight plants (5

species) established voluntarily. Three volunteers were Carex straminiformis, a new

species on sampled quadrats. Trisetum spicatum, Penstemon rydbergii, and the

Eriogonum disappeared from the site between 1987 and 1990.

The 14 species present on the site prior to treatment provided a diverse seed

pool for recolonization of quadrats with few or no species, but this did not increase

mean species richness on the site because other changes were influential as well. The
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TABLE 33. Mean species richness per quadrat by impact stratum (standard errors in
parentheses) for Site 37 at beginning (1987) and end of study (1990).

IMPACT STRATUM 1987 1990

BARREN CORE (N = 10) 0.90 (0.41) 0.90 (0.28)

MODERATELY
TRAMPLED (N = 10) 2.40 (0.56) 2.40 (0.43)

PERIPHERAL (N = 10) 2.70 (0.62) 2.30 (0.60)

loss of three species from the site; a transplant survival rate across all quadrats,

sampled and unsampled, of only 6.9%; and a mean percent cover change of -0.22

(Table 10) all indicate that the site may have been used for camping between 1987

and 1990. Greater protection from trampling may be necessary for recovery of

vegetation on this site.

Budd Lake Site 41 At Site 41, initial species richness averaged 0.13 species

per quadrat (Table 11) and ranged from 0 to 1 species per quadrat. Mean change in

species richness between pre-treatment 1987 and 1990 was 0.07 species per quadrat

(Table 28), the smallest increase among study sites. Site 41 also had a very small

increase in percent cover, 0.18 (Table 10). Richness on barren core quadrats did not

change, but on moderately trampled and peripheral quadrats, richness increased by

100% and 33%, respectively (Table 34).
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TABLE 34. Mean species richness per quadrat by impact stratum (standard errors in
parentheses) for Site 41 at beginning (1987) and end of study (1990).

IMPACT STRATUM 1987 1990

BARREN CORE (N = 10) 0.00 (0.00) 0.00 (0.00)

MODERATELY
TRAMPLED (N = 10) 0.10 (0.10) 0.20 (0.13)

PERIPHERAL (N = 10) 0.30 (0.15) 0.40 (0.16)

Species present in sampled quadrats prior to site treatment included Carex

rossii and Pinus albicaulis. All transplants died. Six plants (2 species) established

voluntarily, and both species were present in sampled quadrats prior to site treatment.

As with Budd Lake Site 37, this site appeared to have been used illegally for

camping between 1987 and 1990, and vegetation recovery may require complete

protection from trampling.

Of the four Budd Lake sites, Site 3 had the largest increases in species

richness (Table 28) and percent cover (Table 10). Site 3 receives more direct sunlight

and is more mesic than other sites at Budd Lake, based on its proximity to Budd

Creek. Soils on Site 3 are coarser-grained than those on other Budd Lake sites, and

may be less damaged by compaction from trampling. Conditions seem favorable for

vegetation recovery on Site 3, and if future trampling is prevented, the site should

soon resemble adjacent areas.
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The finer-textured soils found on Sites 35, 37 and 41 may be more subject to

compaction from trampling, and may require more time to recover than soils on Site

3. If natural decompaction processes such as freeze/thaw cycles and rodent

burrowing proceed on these sites, and additional trampling is prevented, both

vegetation cover and species richness may increase through growth of existing

vegetation and voluntary establishment. However, further investigation into factors

that may be inhibiting recovery are suggested.

Lower Cathedral Lake Site 39 Species richness on Site 39 before treatment

averaged 1.75 species per quadrat (Table 11) and ranged from 0 to 5 species per

quadrat. Mean change in richness between pre-treatment 1987 and 1990 was 0.68

species per quadrat (Table 28), the second largest increase in richness among study

sites. Site 39 experienced a decrease of 0.31 in percent cover (Table 10).

Increases in richness occurred on all impact strata, with a 375 % increase on

barren core quadrats, a 13% increase on moderately trampled quadrats, and a 7%

increase on peripheral quadrats (Table 35).

The 12 species present in sampled quadrats prior to revegetation included

Calamagrostis breweri, Carex heteroneura, Carex rossii, Carex spectabilis, Juncus

drummondii, Juncus parryi, Lupinus covillei, Muhlenbergia filifonnis, Oryzopsis

kingii, Pinus contorta, Polygonum bistortoides, and Stipa sp. Four transplants

survived and 14 plants (8 species) established in sampled quadrats. The transplants



75

were species present on the site prior to treatment. One of the species volunteering,

an unidentified herb, was new to the site.

TABLE 35. Mean species richness per quadrat by impact stratum (standard errors in
parentheses) for Site 39 at beginning (1987) and end of study (1990).

IMPACT STRATUM 1987 1990

BARREN CORE (N = 10) 0.40 (0.22) 1.90 (0.43)

MODERATELY
TRAMPLED (N = 8) 2.00 (0.27) 2.25 (0.25)

PERIPHERAL (N = 10) 2.90 (0.41) 3.10 (0.43)

Lower Cathedral Lake Site 82 At Site 82, initial species richness averaged

2.61 species per quadrat (Table 11) and ranged from 0 to 6 species per quadrat.

Mean change in richness between pre-treatment 1987 and 1990 was 1.75 species per

quadrat (Table 28), the largest increase among study sites. This site also had the

greatest increase in percent cover among study sites. Mean species richness increased

229%, 50%, and 10% on barren core, moderately trampled, and peripheral quadrats,

respectively (Table 36).

The 11 species present in sampled quadrats prior to site treatment included

Antennaria corymbosa, Calamagrostis breweri, Calyptridium umbellatum, Carex

microptera, Carex rossii, Juncus parryi, Muhlenbergia filifonnis, Penstemon
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TABLE 36. Mean species richness per quadrat by impact stratum (standard errors in
parentheses) for Site 82 at beginning (1987) and end of study (1990).

IMPACT STRATUM 1987 1990

BARREN CORE (N = 8)

MODERATELY
TRAMPLED (N = 8)
PERIPHERAL (N = 10)

1.40

2.80

3.87

(0.34)

(0.29)

(0.35)

4.60

4.20

4.25

(0.48)

(0.51)

(0.45)

rydbergii, Pinus contorta, Vaccinium nivictum, and an unidentified moss. Ten

transplants survived and 45 plants (14 species) established voluntarily in sampled

quadrats. All surviving transplants were present on the site prior to treatment. Four

of the volunteers were new species on the site: Agrostis humilis, Poa fendleriana,

Phlox sp., and Juncus sp.

Based on its location, Site 82 was the easiest site to protect from trampling,

and it receives abundant sunlight and runoff from surrounding granite slabs. These

three factors may enhance vegetation recovery.

At Lower Cathedral Lake, Site 82 had greater increases both in percent cover

and species richness, a higher transplant survival rate, and more frequent volunteer

establishment than Site 39. Although located in the same lake basin, these two sites

are distinctly different. Site 82 has shallow, coarse, decomposed granitic soils, and
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receives abundant sunlight. Site 39 has deeper, sandy loam soils rich in organic

matter, and is heavily shaded. Both sites receive runoff due to topographic position,

but the resulting erosion and damage to vegetation is more severe at Site 39 than at

Site 82. Both sites can be protected effectively from further trampling and should

recover without further assistance if trampling is prevented. Erosion control measures

may be required on Site 39 to prevent channelling until vegetation cover establishes.

Influence of Impact Strata

Mean species richness changes differed among impact strata (p < 0.01, Table

27), but the differences are not directly interpretable, because differences in species

richness change among impact strata were influenced by whether or not transplanting

had occurred (planting x stratum interaction p < 0.05, Table 27). Mean species

richness change was 0.84, 0.66, and 0.18 species per quadrat on barren core,

moderately trampled, and peripheral quadrats, respectively (Table 37).

Differences in species richness among impact strata may be partly an artifact

of the initial division of campsites into zones (strata) of differing impact, which

resulted in different initial species richness among impact strata. Barren core

quadrats, with little or no vegetation cover, usually had few or no species, and any

addition of vegetation to these quadrats resulted in increases in richness. In contrast,

moderately trampled and peripheral quadrats were less likely to add new species

because of their higher initial richnesses.



TABLE 37. Summary statistics for species richness change per quadrat from pre-
treatment 1987 to 1990 by impact stratum, including sample size (N),
mean (standard error in parentheses), and range.
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IMPACT STRATUM N MEAN RANGE

BARREN CORE 68 0.84 (0.19) -3 5

MODERATELY TRAMPLED 67 0.66 (0.14) -2 4

PERIPHERAL 79 0.18 (0.10) -3 3

Interactions between impact strata and planting status may be the result of

barren core quadrats receiving a larger proportion of transplants than other quadrats,

with interactions driven by planted quadrats with surviving transplants.

Influence of Transplanting

Quadrats receiving transplants and quadrats not receiving transplants differed

slightly in species richness change (p = 0.19, Table 27). Mean change in richness on

planted quadrats was 0.87 species per quadrat, and mean change on unplanted

quadrats was 0.29 species per quadrat (Table 38).

The small difference in mean richness change between planted and unplanted

quadrats may relate to survival of transplanted plugs. However, changes in species

richness were highly variable on both planted and unplanted quadrats (Table 38),

resulting, in part, from variable transplant survival rates (Appendix III). Thus,
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larger sample sizes may have been required to detect an effect of planting on species

richness changes, if one existed.

TABLE 38. Mean change in species richness per quadrat (standard error in
parentheses) from pre-treatment 1987 to 1990: planted vs. unplanted
quadrats.

PLANTED UNPLANTED

SAMPLED AREA N MEAN (SE) N MEAN (SE)

ALL AREAS 91 0.87 (0.15) 123 0.29 (0.08)

ELIZABETH LAKE 29 0.90 (0.17) 19 0.11 (0.20)

SITE 18 13 1.00 (0.28) 10 0.10 (0.35)

SITE 20 16 0.81 (0.23) 9 0.11 (0.20)

BUDD LAKE 42 0.12 (0.17) 68 0.21 (0.11)

SITE 3 10 0.70 (0.50) 20 0.60 (0.22)

SITE 35 7 -0.29 (0.29) 13 0.31 (0.29)

SITE 37 14 0.07 (0.34) 16 -0.31 (0.25)

SITE 41 11 -0.09 (0.09) 19 0.16 (0.12)

LOWER CATHEDRAL
LAKE 20 2.40 (0.34) 36 0.56 (0.14)

SITE 39 9 1.45 (0.48) 19 0.32 (0.17)

SITE 82 11 3.18 (0.35) 17 0.82 (0.20)
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Transplanting may have influenced species richness change on sites where

transplant survival was high. The largest differences in species richness change

between planted and unplanted areas occurred at Lower Cathedral Lake sites and at

Elizabeth Lake Site 18, where transplant survival rates were highest. Transplanting

may influence richness change by creating soil conditions that encourage volunteer

establishment. In this study, though, planted quadrats did not have a higher

frequency of volunteer establishment than unplanted quadrats.

Influence of Volunteer Establishment

The changes in species richness occurring on treated campsites were associated

with volunteer establishment on some sites, such as Site 82, where the largest increase

in species richness occurred and the largest number of volunteers became established

(Table 39). However, volunteer establishment does not account for species richness

changes in all cases, as evidenced by Site 18, where species richness increased more

than could be explained by the one volunteer (Table 39).

Influence of Soil Scarification

At Lower Cathedral Lake, changes in species richness differed between sites

(p < 0.01, Table 40). On Site 82, which was scarified, richness change was greater

than on Site 39, which was not scarified (1.75 and 0.68 species per quadrat,

respectively, Table 41). Changes in richness also differed among impact strata at
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TABLE 39. Mean species richness change per quadrat (standard error in
parentheses) and total number of volunteers by site.

LOCATION MEAN (SE) # VOLUNTEERS

ELIZABETH LAKE 0.58 (0.14) 6

SITE 18 0.61 (0.23) 1

SITE 20 0.56 (0.17) 5

BUDD LAKE 0.17 (0.10) 47

SITE 3 0.63 (0.22) 21

SITE 35 0.10 (0.22) 12

SITE 37 -0.13 (0.21) 8

SITE 41 0.07 (0.08) 6

LOWER CATHEDRAL LAKE 1.21 (0.19) 59

SITE 39 0.68 (0.21) 14

SITE 82 1.75 (0.29) 45

Lower Cathedral Lake (p < 0.01, Table 40), being greatest on barren core quadrats,

intermediate on moderately trampled quadrats, and lowest on peripheral quadrats at

both sites (Table 41).

The differences in species richness change between sites may be related to soil

scarification conducted on Site 82 prior to transplanting. Scarification may have

loosened the soil and created irregularities in the soil surface for seed germination and

establishment; brought seeds from the soil seed bank close enough to the soil surface
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to germinate; or increased infiltration rates to provide more moisture to established

vegetation and germinating seeds.

Differences in species richness change between sites and among impact strata

should be interpreted with caution, because the effect of soil scarification on species

richness differed among impact strata (p = 0.06, Table 40) with barren core quadrats

having the greatest increases in species richness, followed by moderately trampled and

peripheral quadrats. In addition, there are numerous other characteristics of these two

sites that may be influencing species richness change, including differences in amount

of shading, soil type, moisture regime, and location. The effects of scarification on

species richness change cannot be isolated in this study.

TABLE 40. Analysis of variance for species richness change at Lower Cathedral
Lake: sum of squares (SS), degrees of freedom (df), mean square
(MS), F value (F), and significance of F (p).

SOURCE SS df MS p

WITHIN 47.47 50 0.95

CONSTANT 73.78 1 73.78 77.70 0.00

SITE 14.08 1 14.08 14.83 0.00

IMPACT STRATUM 43.75 2 21.88 23.04 0.00

SITE BY STRATUM 5.56 2 2.78 2.93 0.06
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TABLE 41. Species richness change per quadrat (standard error in parentheses) at
Lower Cathedral Lake sites by impact stratum.

SITE 39 SITE 82

IMPACT STRATUM MEAN (SE) MEAN (SE)

ALL 0.68 (0.21) 1.75 (0.28)

BARREN CORE 1.50 (0.43) 3.20 (0.39)

MODERATELY 0.25 (0.16) 1.40 (0.31)
TRAMPLED

PERIPHERAL 0.20 (0.25) 0.38 (0.18)

Relationship Between Species Richness Change and Initial Vegetation Cover

The changes in species richness between pre-treatment 1987 and 1990

generally were not correlated with the amount of vegetation cover present on sites

before site treatment (Table 42). Initial vegetation cover was negatively

correlated with species richness change at Site 82 at Lower Cathedral Lake with r2 =

0.36 (p < 0.01, Table 42). On this site, barren core and moderately trampled

quadrats with low initial cover had frequent occurrences of volunteer establishment

and high transplant survival, thus increasing species richness. The peripheral

quadrats on Site 82 had high initial percent cover values, infrequent volunteer
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between species richness change and initial percent cover across all impact strata.

TABLE 42. Initial percent cover (I.P.C); average species richness change per
quadrat from pre-planting 1987 to 1990 (S.R.C.); and correlation
coefficients (r) and probability values (p) for the relationship between
species richness change and initial vegetation cover.
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LOCATION N I.P.C. S.R.C. r P

ALL AREAS 214 7.97 0.54 -0.09 0.21

ELIZABETH LAKE

SITE 18 23 5.76 0.61 -0.32 0.14

SITE 20 25 6.75 0.56 0.20 0.35

BUDD LAKE

SITE 3 30 1.12 0.63 -0.03 0.87

SITE 35 20 5.88 0.10 0.11 0.64

SITE 37 30 4.13 -0.13 -0.26 0.17

SITE 41 30 0.84 0.07 -0.29 0.12

LOWER CATHEDRAL
LAKE

SITE 39 28 16.50 0.68 -0.15 0.44

SITE 82 28 22.90 1.75 -0.60 0.00
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SUMMARY

Between 1987 and 1990, the changes in vegetation cover occurring on the

eight campsites in this study were small. Five sites had increases in percent cover

ranging from 0.12 to 4.36. Decreases in percent cover, ranging from -0.37 to -0.22,

occurred on three campsites.

Variation among individual campsites accounted for the greatest differences in

cover change. Changes in cover differed little among the three lake basins or the

three impact strata. Transplanting had little or no consistent effect on cover change,

in part because transplant survival rates were highly variable.

Species richness increased on seven out of eight sites, with increases ranging

from 0.07 species to 1.75 species per quadrat. Species richness decreased on one site

by 0.13 species per quadrat.

Variation among campsites, and among impact strata, accounted for the

greatest differences in species richness change. The strong influence of individual

sites on species richness changes was consistent with the influence of sites on percent

cover changes. Variation in species richness changes among impact strata may be

due, in part, to unequal numbers of transplants introduced into the three different

impact strata. This conclusion is supported by interactions detected between impact

strata and transplanting. Differences in species richness changes among impact strata

also may have been influenced strongly by the initial division of campsites into impact
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zones. Species richness changes differed somewhat among lake basins, and

transplanting did not appear to have a strong influence on species richness changes.

Soil scarification appeared to influence both percent cover and species richness

changes, but the effects of scarification could not be isolated in this study.

In general, campsites experiencing the largest increases in percent cover also

experienced the largest increases in species richness. Factors affecting these sites that

may have influenced vegetation recovery include abundant moisture due to proximity

to lakes or streams, or resulting from topographic features that direct runoff into the

site; coarse, sandy soils that may be less subject to detrimental effects of soil

compaction associated with trampling; exposure to sunlight; and the degree to which

the sites were protected from trampling after treatment.

Differences among individual campsites accounted for much of the variation

both in vegetation cover changes and species richness changes. These results suggest

strongly the need to plan backcountry campsite rehabilitation on a site-by-site basis.

Campsite rehabilitation planning should address physical and biological characteristics

of individual sites, and the amount and type of use they have received and are likely

to receive in the future.
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CHAPTER 3. REVEGETATION OF SUBALPINE CAMPSITES IN THE SIERRA
NEVADA: THE ROLE OF VOLUNTEER ESTABLISHMENT

INTRODUCTION

The objectives of Yosemite National Park's subalpine revegetation program

included promotion of natural establishment of vegetation, and identification of sites

capable of rapid natural revegetation vs. those in need of assistance.

Given sufficient time, many degraded ecosystems will restore themselves, and

what is assumed to be a successful human-assisted restoration actually may be the

result of the environment's ability to heal itself (Bradshaw 1987). On heavily used

sites in North Cascades National Park, WA, natural recovery rates in subalpine

Carex-dominated vegetation were variable (Thornburgh 1986). Total cover on some

sites increased 8% in four years, from 23% to 31%. Cover on other Carex sites

increased 60% in 12 years, changing from 40% to 100% cover (Thornburgh 1986).

Although unassisted vegetation recovery rates on closed campsites in the

subalpine zone of the Sierra Nevada have not been documented, estimates of 56 years

for barren core areas and 5 years for peripheral areas have been proposed (Stohlgren

1982). Fifteen years following closure of subalpine backcountry campsites in Kings

Canyon National Park, litter accumulation had increased, soil compaction was less

severe, and vegetation on adjacent fishing trails was recovering, but vegetation

recovery on campsites was not documented (Parsons and De Benedetti 1979).
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Information on natural vegetation recovery on disturbed sites provides

ecologists and land use managers with information necessary for developing

restoration plans for damaged areas. Changes associated with disturbance result in an

environment that is suitable for some plant species and unsuitable for others. Thus,

while species growing adjacent to disturbed sites often are selected for transplanting

onto the sites, they may not be the most suitable species for reestablishment of

vegetation. Careful documentation of unassisted vegetation recovery can identify

species most appropriate for use in assisted revegetation techniques such as direct

transplanting, seeding, and nursery propagation from native seed. In addition to

providing information useful in applied vegetation restoration, monitoring natural

vegetation recovery aids in identifying characteristics of sites that can recover without

assistance.

In Yosemite's subalpine revegetation program, changes in percent vegetation

cover and species richness were small, and transplant mortality was high. However,

in spite of severe drought conditions, 112 plants representing 29 species established

voluntarily on treated campsites. In areas with no non-native species, such as the lake

basins in this study, a restoration program that combines site protection and soil

scarification may be an environmentally sound and cost-effective alternative to direct

manipulation of vegetation. It is an option worth investigating.
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STUDY AREA

Elizabeth and Budd Lakes are located in Tuolumne County, California, and

Lower Cathedral Lake is in Mariposa County, California. The lake basins are south

of Tuolumne Meadows, in the east central region of Yosemite National Park, CA (373

51' N latitude; 119° 23' W longitude; U.S.G.S. Tuolumne Meadows quadrangle,

1956, Fig. 1). The region is characterized by extensive subalpine meadows

interspersed with granite domes and surrounded by glacially-carved peaks and ridges.

The Sierra Nevada lodgepole pine zone receives 750 1500 mm of

precipitation per year, primarily in winter as snow from eastward-moving polar front

cyclones (Chabot and Billings 1972, Parker 1982). Snow cover usually persists from

mid-October through late May. The weather station closest to the study area is Ellery

Lake, at an elevation of 2890 m (37° 56' N, 119° 14' W), which is northeast of

Tuolumne Meadows, on the east slope of the Sierra Nevada. From 1960 to 1986,

mean annual precipitation recorded at Ellery Lake was 661 mm (Appendix I).

Between 1987 and 1990, during this study, mean annual precipitation was 473 mm

(NOAA 1960-1990). Precipitation from cyclonic storms probably is lower at Ellery

Lake than in the study area, but mean values from these periods illustrate clearly the

drought conditions prevailing during the study.

The study area experiences a three month summer season with approximately

100 frost-free days (van Wagtendonk 1986). During the summer, high temperatures
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average 18 22° C and low temperatures average 3 4° C. The combination of high

elevation and low summer precipitation results in a significant summer drought in the

Sierra Nevada subalpine zone (Burke 1982, Vankat 1982). Measurements taken along

a transect from 1220 - 2440 m in Yosemite National Park showed that less than 3%

of the total precipitation falls from June through August (Parker 1982). Most

cyclonic storms are deviated from the Sierra in the summer due to a subtropical high

pressure cell off the Oregon coast (Major 1988). Occasional summer thundershowers

are triggered by moist air flowing north from the Gulf of California (Klickoff 1965).

As a result soil moisture tends to be low during the summer throughout the Sierra

Nevada (Chabot and Billings 1972, Vankat 1982, Burke 1982). At a subalpine site in

Kings Canyon National Park, based on temperature and precipitation records,

potential evapotranspiration could exceed precipitation by 72, 91, 87 and 53

mm/month in June, July, August and September, respectively (Burke 1982).

Soils in lodgepole and whitebark pine forests in the central Sierra Nevada

(elevation 2800 3600 m) generally are coarse, with little or no horizon development

and can be deficient in phosphorus, zinc, magnesium and calcium (Klickoff 1965).

Meadow vegetation in the study area is dominated by Calamagrostis breweri

(shorthair grass) and several species of Carex with Poa nervosa, Deschampsia

caespitosa, Antennaria corymbosa, and species of Juncus as common associates

(nomenclature follows Munz and Keck 1973). The surrounding forests primarily

consist of Pinus contorta ssp. murrayana (lodgepole pine), with Tsuga mertensiana
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(mountain hemlock) and Pinus albicaulis (whitebark pine) occurring at higher

elevations.

Elizabeth Lake

At an elevation of 2892 m, Elizabeth Lake is 3.2 km south of Tuolumne

Meadows campground and is accessed by a maintained trail (Fig. 2). Scattered,

dense patches of lodgepole pine and large, open meadows surround the lake, which is

fed by snowmelt from surrounding ridges. Unicorn Creek flows out of the lake to the

north. Soils on treated sites are sandy loams with a high organic matter content

derived from quaternary glacial and alluvial deposits from the Johnson Granite

Porphyry formation (Bateman et al. 1983).

Elizabeth Lake is assumed to have received intensive use by backpackers and

animal packers prior to 1974, when it was closed to overnight use. This assumption

is based on the lake's proximity to California Highway 120 and the developed area of

Tuolumne Meadows, combined with the easy access to the lake provided by a well-

maintained trail. Currently, Elizabeth Lake is a very popular destination for day

hikers and illegal camping may occur occasionally.

Elizabeth Lake Site 18 is on a peninsula along the eastern edge of Elizabeth

Lake, approximately 10 m from the lake shore (Fig. 3). The site is partially shaded

by a sparse lodgepole and whitebark pine overstory, and receives filtered sunlight
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throughout the day. Lodgepole pine saplings grow in adjacent areas. This campsite

slopes slightly southwest.

Elizabeth Lake Site 20 is north of Site 18, immediately adjacent to a well-

developed trail, and approximately 30 m from the edge of the lake (Fig. 3). The site

has scattered lodgepole pines to the north, south and east; is relatively open to the

west; and has a lodgepole and western white pine overstory in the southwest corner

which results in partial shading. Site 20 slopes slightly north.

Budd Lake

Budd Lake is 4.8 km south of California Highway 120, and is accessed by

several distinct, unmaintained trails beginning east of the Cathedral Lakes trailhead

(Fig. 2). Located in a glacial cirque at an elevation of 3040 m, the lake is fed by

snowmelt and drains into Budd Creek to the north. Scattered dense stands of

whitebark pine and mountain hemlock grow around the lake, and there are small

meadows at the lake's outlet. Soils on treated sites are derived from the Cathedral

Peak Granodiorite formation and quaternary glacial deposits (Bateman et al. 1983),

and range from very thin decomposed granite to fairly well-developed sandy loarns.

Budd Lake is assumed to have had moderate levels of backpacking use prior to

its closure to overnight use in 1974. It is doubtful that the area ever received much

use by animal packers, as access is difficult and regulations exclude stock from
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unmaintained trails. Currently, Budd Lake receives light to moderate use by day

hikers and may be subject to frequent illegal camping.

Budd Lake Site 3 is north of Budd Lake, approximately 7 m east of Budd

Creek (Fig. 4). There are scattered stands of whitebark pine to the north, west,

southwest and southeast, with open exposure to the south. A very sparse overstory of

whitebark pine casts limited shade on the site. Site 3 slopes slightly west and has

shallow, decomposed granitic soil with little organic matter.

Budd Lake Site 35 is west of Budd Lake on a sheltered bench approximately

25 m upslope from the lake (Fig. 4). The site is in a forested area with whitebark

pine and mountain hemlock to the east, south and west. Site 35 has no overstory,

although one whitebark pine at plot center casts a small amount of shade. There is a

slight north to northeast slope.

Budd Lake Site 37 is west of Budd Lake, southwest of Site 35, approximately

30 m above the lake's edge (Fig. 4). There are dense stands of mountain hemlock

east of the site with fewer trees to the south. The view is open to the north and west.

Site 37 has a few small mountain hemlocks on it, but has no canopy. The site slopes

gently northwest.

Budd Lake Site 41 is west of Budd Lake, south of Site 37 on a slight southeast

slope (Fig. 4). There are dense stands of whitebark pine to the north and east, with

fewer trees to the south and west. The site is further shaded by small lodgepole and

whitebark pines that grow along the site margin.
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Soils on Sites 35, 37 and 41 at Budd Lake are deeper than those on Site 3, and

have more organic matter.

Lower Cathedral Lake

Located along a popular maintained trail, Lower Cathedral Lake is 4.8 km

south of California Highway 120 (Fig. 2). At an elevation of 2831 m, the lake is

bordered by a mosaic of granite shelves and scattered dense patches of lodgepole

pine, with extensive meadows to the east. Cathedral Creek feeds the lake from the

east. On the west side of the lake, the creek continues northwest to converge with

Tenaya Creek. Soils on treated sites are derived from the Cathedral Peak

Granodiorite formation (Bateman et al. 1983), and range from very thin decomposed

granite to shallow sandy loarns.

With over 160 campsites, Lower Cathedral Lake receives very heavy overnight

use, as well as heavy day use. Sites selected for restoration were closed to camping

immediately after treatment in August, 1987.

Lower Cathedral Lake Site 39 is on the northwest shore of Lower Cathedral

Lake, near the Tenaya Creek outlet, approximately 7 m from the lake shore (Fig. 5).

This site is heavily shaded by lodgepole pines, which grow adjacent to, and within,

the site. Site 39 is the only study site with dense understory vegetation and the site is

more mesic than other study sites, as evidenced by Carex spectabilis on, and adjacent
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to, the site (Munz and Keck 1973, Burke 1982). Soils are fine-textured sandy loams

with a high organic matter content.

Site 39 has experienced significant erosion due to topographic position and the

removal of vegetation by recreational use. There is a large granite slab formation to

the northwest that channels runoff through the site, which slopes gently to the

southeast. In 1990, heavy spring rains resulted in the deposition of large quantities of

decomposed granite on the site.

Lower Cathedral Lake Site 82 is north of Lower Cathedral Lake on a small

peninsula, approximately 6 m from the lake shore (Fig. 5). There is a dense stand of

lodgepole pine to the east, and the site is open to the north, west, and south. A few

small lodgepole pines grow in the southeast corner of the site, but they cast little

shade. Site 82 supports subalpine meadow vegetation dominated by shorthair grass,

as opposed to other sites in this study, which support lodgepole pine or whitebark

pine forests. Soils are shallow, poorly-developed decomposed granite. Site 82 is

level and receives significant runoff from granite slabs to the west.
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METHODS

Field Methods

Site Selection

Selection of campsites for revegetation was based on recommendations from

Yosemite's Wilderness Impacts Monitoring Study, which inventoried and documented

conditions of all backcountry campsites and trails in the park (NPS 1987). Sites

receiving priority for revegetation had large denuded areas and exhibited both

ecological and aesthetic degradation.

Plot Establishment and Initial Vegetation Sampling

Within each campsite, a permanent 10 m x 10 m plot was established

subjectively to include the most degraded central area of the site and some adjacent

vegetation. A stratified random sampling system used previously in Sierra Nevada

backcountry campsite assessment (Stohlgren 1982) was modified for vegetation

sampling. Campsites were stratified into impact zones to allow separate analyses of

barren core, moderately trampled and peripheral areas, and comparison among the

three zones. This stratification was necessary because mean values of percent cover

and species richness in an entire campsite do not provide a realistic picture of the

effects of concentrated use on vegetation (Stohlgren 1982).

Division into impact strata was based on visual evidence of damage to

vegetation and soils. Impact strata included:
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1) Barren core areas with very little or no aboveground vegetation, and litter

and duff removed or completely pulverized (usually encircling fire pits);

2) Moderately trampled areas with a noticeable reduction in the quantity of

aboveground vegetation, litter and duff when compared to surrounding

peripheral areas, but appearing less damaged than barren core areas; and

3) Peripheral areas with little or no visible reduction or disturbance of

vegetation, litter or duff. Peripheral quadrats appeared to have received little

trampling and therefore were assumed to provide an approximate

representation of the undisturbed vegetation community.

Sixty-eight barren core quadrats (x vegetation cover 0.34%), 67 moderately

trampled quadrats (x vegetation cover 2.87%), and 79 peripheral quadrats (7

vegetation cover 18.85%) were sampled (Table 43). Permanent plots included areas

representing all three impact strata. Steel reinforcing rods were placed at two corners

of each plot for relocation.

Temporary stakes were placed along the periphery of the plot at 1 m intervals.

From these stakes, strings were stretched across the site to establish a grid of 100 1 m

x 1 m quadrats.
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Summary statistics for original vegetation cover (%) by impact stratum:
number of quadrats sampled (N), mean (standard error in parentheses),
and range.

IMPACT STRATUM N MEAN (SE) RANGE'

BARREN CORE 68 0.34 (0.08) 0 - 3.0
MODERATELY
TRAMPLED 67 2.87 (0.60) 0 - 27.7

PERIPHERAL 79 18.85 (2.95) 0 - 90.0

Moderately trampled and peripheral quadrats with 0.0% original cover had dense
tree branches extending over the ground surface, but had no understory vegetation.

The entire plot was mapped to document features such as large rocks, trees,

and fire rings (Appendix II). Using the grid to aid in accuracy, the locations of

impact strata were mapped using subjective, visual criteria. Three to ten quadrats

from each impact stratum were selected for vegetation analysis prior to site treatment.

The number of quadrats sampled from each stratum varied because not all sites

contained ten quadrats of each stratum. When there were fewer than 10 quadrats of a

stratum, all quadrats in that stratum were sampled. When there were more than 10

quadrats of a stratum, 10 quadrats from that stratum were selected randomly for

sampling (Table 44). Quadrats containing more than one impact stratum were not

sampled.
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TABLE 44. Number of quadrats sampled by site and impact stratum.

LOCATION
BARREN

CORE

IMPACT STRATUM

MODERATELY
TRAMPLED

PERIPHERAL

ALL AREAS 68 67 79

ELIZABETH LAKE 8 20 20

SITE 18 3 10 10

SITE 20 5 10 10

BUDD LAKE 40 29 41

SITE 3 10 9 11

SITE 35 10 0 10

SITE 37 10 10 10

SITE 41 10 10 10

LOWER
CATHEDRAL LAKE 20 18 18

SITE 39 10 8 10

SITE 82 10 10 8

Restoration Techniques

Site Preparation Before soil treatment and transplanting occurred, rock

fire rings within campsites were dismantled and charred rocks were removed from the

area; accumulations of firepit ash were buried or spread over the site; and large rocks

were partially buried throughout the site with sharp edges up to discourage use. Soils
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then were scarified, which involved loosening the soil with shovels and breaking up

hard clods manually, without turning the soil over. The extent of soil scarification on

each site varied from digging planting holes only to scarifying the entire campsite

(Table 45).

Planting Procedures Initially, all surface litter and duff was raked to the

perimeter of the area to be planted, which usually included barren core and

moderately trampled areas. Transplants were placed subjectively to mimic the spatial

arrangement of surrounding vegetation. Planting holes were dug to a depth of 12.5

22 cm. One handful of saturated peat moss was added to planting holes at Elizabeth

and Lower Cathedral Lakes. One sod mat (or subdivision, as some sod mats were

divided; Table 45) was placed into each hole, native soil (plus peat moss if used) was

packed firmly around the base of the plant, and each transplant was watered

thoroughly. At three sites, transplants received a second watering the day after

transplanting (Table 45).

After planting, litter and duff were returned to the site and additional material

from adjacent areas was scattered over the site to create a 5 7 cm deep layer of

mulch. Site 82 at Lower Cathedral Lake was mulched with dead meadow grasses; all

other sites were mulched with pine needle litter. Downed logs and woody debris

were collected and scattered over the site to discourage use.
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Summary of site treatments: date(s) of treatment; site preparation (SP)
code (1 = entire barren core scarified, other strata not scarified, 2 =
site not scarified, 3 = entire site scarified); seeding code (SC) 0 = not
seeded, 1 = seeded with Lupinus covillei, 2 = seeded with
Calamagrostis breweri; peat moss soil amendment added (PM); date(s)
transplants were watered; and whether or not transplanted plugs were
divided (PD).

LOCATION DATE SP SC PM WATER PD

ELIZABETH LAKE

SITE 18 7/13/87 1 0 YES 7/13/87 YES
7/14/87

7/05/88 NO

SITE 20 7/14/87 1 0 YES 7/14/87 YES
6/24/88 NO

BUDD LAKE

SITE 3 7/21/87 1 1 NO 7/21/87 NO
7/23/87

SITE 35 7/21/87 1 0 NO 7/21/87 YES'
7/23/87

SITE 37 8/04/87 1 0 NO 8/04/87 NO

SITE 41 8/04/87 2 0 NO 8/04/87 NO

LOWER CATHEDRAL
LAKE

SITE 39 8/20/87 2 0 YES 8/20/87 NO

SITE 82 8/19/87 3 2 YES 8/19/87 NO

1 In Site 35, 6 Carex straminiformis sod mats were divided into 14 smaller
transplants. The remainder of the transplants in Site 35 were undivided sod mats.
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Transplanting on all sites occurred between July 13 and August 20, 1987

(Table 45). At Elizabeth Lake, 190 transplants were planted in 1987; at Budd Lake,

128 transplants were planted; and at Lower Cathedral Lake, 103 transplants were

planted (see Tables 4, 5, and 6, Chapter 2).

On June 24, 1988, Site 20 at Elizabeth Lake was replanted with 19 locally-

collected transplants and 294 nursery propagules. On July 5, 1988, Site 18 at

Elizabeth Lake was replanted with 15 locally-collected transplants and 294 nursery

propagules. The nursery propagules were small and were planted in clumps of four

or five. Fifty-five and fifty clumps were planted at Sites 18 and 20, respectively.

Propagules came from native plugs collected in 1987, which were taken to a Soil

Conservation Service facility in Lockeford, California, for division and extension.

Planting techniques used in 1988 at Elizabeth Lake were the same as those

used in 1987, except Terra-Sorb soil moisturizer was added to planting holes and

transplants were not divided prior to planting.

Seeding On Site 3 at Budd Lake and Site 82 at Lower Cathedral Lake

unmeasured quantities of mature seed were collected, scattered over barren core

areas, manually covered with soil, and watered. Seeds were collected by clipping and

were sown the day of site treatment. Lupinus covillei was sown on Site 3 and

Calamagrostis breweri was sown on Site 82.
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Site Protection Signs were posted encouraging visitors to assist campsite

rehabilitation by not walking, or camping, on treated sites. In 1987, one sign was

posted at the trailhead to Elizabeth Lake, one sign was posted at Budd Lake northwest

of the Budd Creek outlet where most hikers enter the basin from Tuolumne Meadows,

and signs were posted at both treated sites at Lower Cathedral Lake. In 1989, the

revegetation crew noted that the 1987 plantings in Site 3 had received repeated

trampling and they posted signs at the site's perimeter. Trails accessing all treated

campsites were disguised with logs, organic debris and rocks to discourage use.

Post-treatment Vegetation Sampling

Immediately after site treatment and planting, previously sampled quadrats,

both planted and unplanted, were resampled for percent cover by species to document

changes due to planting. Transplant locations were mapped (Appendix III).

During the summer of 1990 (Table 46), I relocated plots and resampled

quadrats for percent cover by species; documented the survival, reproductive status,

and vigor of transplants; and identified plants that had established voluntarily

(hereafter referred to as volunteers).

Volunteers were identified by comparing 1987 vegetation data with 1990 data.

A plant was considered a volunteer if it was found in a sampled quadrat in 1990, but

not in 1987, and if it had not been transplanted or seeded into that quadrat.

Volunteers were assigned a seeding status of 1 (not producing seed) or 2 (seeding);
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and a vigor class of 1 (poor), 2 (fair) or 3 (good) based on subjective visual analysis

of aboveground biomass.

TABLE 46. Date of re-sampling by site.

LOCATION RESAMPLING DATE

ELIZABETH LAKE

SITE 18 07/22/90

SITE 20 07/21/90

BUDD LAKE

SITE 3 07/05/90

SITE 35 08/05/90

SITE 37 08/06/90

SITE 41 07/01/90

LOWER CATHEDRAL LAKE

SITE 39 07/29/90

SITE 82 07/29/90

Data Analysis Methods

Normality of data distributions for numbers of volunteers per quadrat, mean

seeding status of volunteers per quadrat, and mean vigor of volunteers per quadrat

was checked by examining frequency distributions. As these distributions were non-
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normal, analyses involving these variables included non-parametric approaches. Data

for the numbers of volunteers per quadrat included all quadrats sampled in the study

(N = 214). Data for mean seeding status and mean vigor of volunteers included only

those quadrats with volunteers (N = 71). Mean seeding status of volunteers per

quadrat was calculated by summing the seeding status values for all volunteers on a

quadrat, and dividing this sum by the number of volunteers on that quadrat. Mean

vigor of volunteers per quadrat was calculated similarly.

Summary statistics for numbers of volunteers per quadrat, and their mean

seeding status and vigor, were generated for the entire study area and for lake basin,

site and impact strata levels, in both planted and unplanted quadrats.

The contributions of various factors to volunteer establishment and

performance were tested using nested analysis of variance (ANOVA) with SPSS/PC+

(SPSS 1990). Each dependent variable (numbers of volunteers per quadrat, seeding

status, and vigor) was tested in a separate ANOVA. Independent variables included

lake basin, site nested within lake basin, impact stratum, and transplanting status

(whether or not quadrat was planted). Probabilities from the ANOVA's involving

numbers of volunteers per quadrat, mean seeding status per quadrat, and mean vigor

per quadrat should be interpreted with caution, as these variables had non-normal

distributions. The influence of independent variables on numbers of volunteers per

quadrat, mean seeding status per quadrat, and mean vigor per quadrat also was tested
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using Kruskal- Wallis one-way analysis of variance (K-W ANOVA). Probabilities

from K-W ANOVA's were corrected for ties.

The influence of soil scarification on volunteer establishment was analyzed

using data from Lower Cathedral Lake basin only, where one site (39) was not

scarified, and one site (82) was scarified. Elizabeth Lake data were omitted because

soil scarification occurred on barren core quadrats only. Budd Lake data were

omitted because site treatments did not include soil scarification.

The influence of scarification was tested using ANOVAs. Dependent variables

(numbers of volunteers per quadrat, seeding status, and vigor) were tested in separate

ANOVA's. Independent variables were site and impact stratum. Probabilities from

these ANOVA's also should be interpreted with caution, as the dependent variables

had non-normal distributions. The influence of independent variables on numbers of

volunteers per quadrat, mean seeding status, and mean vigor per quadrat also was

tested using Kruskal-Wallis one-way analysis of variance (K-W ANOVA).
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RESULTS AND DISCUSSION

General Trends

Over the entire study area, 112 plants representing 29 species established

voluntarily between 1987 and 1990 (Table 47; Appendix IV). Volunteers were

present on 71 out of 214 (34%) sampled quadrats.

TABLE 47. Number of volunteers and number of species volunteering for all areas,
and by lake basin, and campsite.

LOCATION # OF VOLUNTEERS # OF SPECIES

ALL AREAS 112 29

ELIZABETH LAKE 6 6

SITE 18 1 1

SITE 20 5 5

BUDD LAKE 47 15

SITE 3 21 6

SITE 35 12 7

SITE 37 8 5

SITE 41 6 2

LOWER CATHEDRAL LAKE 59 18

SITE 39 14 8

SITE 82 45 14
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The mean number of volunteers per quadrat across the study area was 0.51,

with a range of 0 - 4 per quadrat (Table 48). Approximately 50% of volunteers were

producing seed (x seeding status = 1.42, Table 49) and mean vigor was high (x

vigor = 2.72, Table 49).

TABLE 48. Summary statistics for numbers of volunteers per quadrat: number of
quadrats sampled (N), mean (standard error in parentheses), and range.

LOCATION N MEAN (SE) RANGE

ALL AREAS 214 0.51 (0.06) 0 4

ELIZABETH LAKE 48 0.13 (0.05) 0 1

SITE 18 23 0.04 (0.04) 0 1

SITE 20 25 0.20 (0.08) 0 1

BUDD LAKE 110 0.41 (0.07) 0 3

SITE 3 30 0.70 (0.17) 0 3

SITE 35 20 0.60 (0.17) 0 2

SITE 37 30 0.23 (0.08) 0 1

SITE 41 30 0.17 (0.07) 0 - 1

LOWER CATHEDRAL LAKE 56 1.05 (0.15) 0 - 4

SITE 39 28 0.50 (0.14) 0 2

SITE 82 28 1.61 (0.23) 0 4
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Summary statistics for seeding status and vigor of volunteers: number
of quadrats with volunteers (N), and means (standard error in
parentheses).

LOCATION

SEEDING VIGOR

N MEAN (SE) MEAN (SE)

ALL AREAS 71 1.42 (0.05) 2.72 (0.06)

ELIZABETH LAKE 6 1.17 (0.17) 3.00 (0.00)

SITE 18 1 1.00 (0.00) 3.00 (0.00)

SITE 20 5 1.20 (0.20) 3.00 (0.00)

BUDD LAKE 34 1.41 (0.08) 2.76 (0.09)

SITE 3 13 1.39 (0.12) 2.83 (0.09)

SITE 35 9 1.56 (0.16) 2.89 (0.11)

SITE 37 7 1.29 (0.18) 2.86 (0.14)

SITE 41 5 1.40 (0.25) 2.20 (0.49)

LOWER CATHEDRAL LAKE 31 1.48 (0.08) 2.62 (0.09)

SITE 39 10 1.40 (0.15) 2.65 (0.15)

SITE 82 21 1.52 (0.09) 2.61 (0.18)

Numbers of volunteers per quadrat differed among lake basins (p = 0.08,

Tables 50 and 48), among sites within lake basins (p < 0.01, Tables 50 and 48), and

among impact strata (p = 0.10, Table 50; x barren core = 0.71, x moderately

trampled = 0.49, and x periphery = 0.37, Table 59), and did not differ between



110

TABLE 50. Analysis of variance for numbers of volunteers per quadrat: sum of
squares (SS), degrees of freedom (df), mean square (MS), F value (F),
and significance of F (p).

SOURCE SS df MS F P

WITHIN CELLS 66.40 177 0.38

CONSTANT 23.81 1 23.81 63.48 0.00

BASIN' 33.90 2 16.95 4.23 0.08

SITE WITHIN BASIN
(ERROR 1) 20.03 5 4.01 10.68 0.00

IMPACT STRATUM 1.74 2 0.87 2.32 0.10

PLANTING 0.24 1 0.24 0.64 0.43

PLANTING BY STRATUM 1.12 2 0.56 1.50 0.23

PLANTING BY BASIN 1.88 2 0.94 2.51 0.08

STRATUM BY BASIN 1.93 4 0.48 1.29 0.28

' Basin effects were tested against Error 1 mean square; all other factors were tested
against within cells mean square.

planted and unplanted quadrats (p = 0.43, Table 50). Differences in numbers of

volunteers among lake basins and sites were confirmed in Kruskal- Wallis (K-W) one-

way ANOVA's (chi-square = 27.9 and 51.9, respectively, p < 0.01 for both) and

the lack of differences in numbers of volunteers between planted and unplanted

quadrats was confirmed (chi-square = 0.04, p = 0.84). Slight differences in

numbers of volunteers were detected among impact strata in the K-W ANOVA (chi-

square = 3.92, p = 0.14).
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TABLE 51. Analysis of variance for mean seeding status of volunteers per quadrat:
sum of squares (SS), degrees of freedom (df), mean square (MS), F
value (F), and significance of F (p).

SOURCE SS df' MS p

WITHIN CELLS 9.12 46 0.20

CONSTANT 16.74 1 16.74 84.45 0.00

BASIN 0.24 2 0.12 0.92 0.46

SITE WITHIN BASIN
(ERROR 1) 0.66 5 0.13 0.67 0.65

IMPACT STRATUM 0.06 2 0.03 0.15 0.86

PLANTING 0.24 1 0.24 1.22 0.28

PLANTING BY 0.36 1 0.36 1.81 0.19
STRATUM

PLANTING BY BASIN 0.45 2 0.23 1.14 0.33

STRATUM BY BASIN 0.39 3 0.13 0.65 0.58

1 Degrees of freedom for this ANOVA are smaller than for the ANOVA for numbers
of volunteers because this analysis included only quadrats with volunteers.

2 Basin effects were tested against Error 1 mean square; all other factors were tested
against within cells mean square.

Mean seeding status of volunteers per quadrat did not appear to differ among

lake basins, sites within lake basins, impact strata, or between planted and unplanted

quadrats (minimum p = 0.28, Table 51). Kruskal-Wallis ANOVA's confirmed

nested ANOVA results for lake basins, sites and impact strata (chi-square = 2.95,
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5.43, 4.12; and p = 0.23, 0.61, 0.13, respectively), but revealed differences in mean

seeding status between planted and unplanted quadrats (chi-square = 4.06, p = 0.04),

with mean seeding status' of 1.51 and 1.29 on unplanted and planted quadrats,

respectively.

Mean vigor of volunteers per quadrat did not appear to differ among lake

basins, sites within basins, impact strata, or between planted and unplanted quadrats

(minimum p = 0.12, Table 52). Kruskal- Wallis ANOVA's confirmed nested

ANOVA results for sites and impact strata (chi square = 8.56, 3.03; and p = 0.29,

0.22, respectively), but revealed differences in mean vigor of volunteers per quadrat

among lake basins (Table 49) and between planted and unplanted quadrats (chi square

= 6.11, 3.64; and p = 0.05, 0.06, respectively). Mean vigor was 2.79 on unplanted

quadrats and 2.61 on planted quadrats.

At Lower Cathedral Lake, mean numbers of volunteers per quadrat differed

between a scarified and an unscarified site and among impact strata (ANOVA p's <

0.01; K-W ANOVA chi-square = 12.4, 13.3, respectively; and both p's < 0.01),

but these effects are not directly interpretable because of interactions between

scarification (site) and impact strata (p = 0.02, Table 53).

Mean seeding status of volunteers did not differ between sites (ANOVA p =

0.94, Table 54; K-W ANOVA chi-square = 0.53, p = 0.47) or among impact strata

(ANOVA p = 0.48, Table 54; K-W ANOVA chi-square = 1.35, p = 0.51). Mean

vigor of volunteers did not differ between sites (ANOVA p = 0.93, Table 55; K-W
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ANOVA chi-square = 0.03, p = 0.87) or among impact strata (ANOVA p = 0.30,

Table 55; K-W ANOVA chi-square = 3.15, p = 0.21).

TABLE 52. Analysis of variance for mean vigor of volunteers per quadrat: sum of
squares (SS), degrees of freedom (df), mean square (MS), F value (F),
and significance of F (p).

SOURCE SS df' MS F P

WITHIN CELLS 11.03 46 0.24

CONSTANT 48.23 1 48.23 201.17 0.00

BASIN2 0.56 2 0.28 0.62 0.57

SITE WITHIN BASIN
(ERROR 1) 2.24 5 0.45 1.87 0.12

IMPACT STRATUM 0.50 2 0.25 1.05 0.36

PLANTING 0.32 1 0.32 1.32 0.26

PLANTING BY 0.06 1 0.06 0.24 0.62
STRATUM

PLANTING BY BASIN 0.25 2 0.12 0.52 0.60

STRATUM BY BASIN 0.84 3 0.28 1.17 0.33

1 Degrees of freedom for this ANOVA are smaller than for the ANOVA for numbers
of volunteers because this analysis included only quadrats with volunteers.

2 Basin effects were tested against Error 1 mean square; all other factors were tested
against within cells mean square.
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TABLE 53. Analysis of variance for number of volunteers per quadrat at Lower
Cathedral Lake: sum of squares (SS), degrees of freedom (df), mean
square (MS), F value (F), and significance of F (p).

SOURCE SS df MS F P

WITHIN 33.40 50 0.67

CONSTANT 56.31 1 56.31 84.30 0.00

SITE 15.27 1 15.27 22.85 0.00

IMPACT STRATUM 17.85 2 8.92 13.36 0.00

SITE BY STRATUM 5.49 2 2.75 4.11 0.02

TABLE 54. Analysis of variance for mean seeding status of volunteers at Lower
Cathedral Lake: sum of squares (SS), degrees of freedom (df), mean
square (MS), F value (F), and significance of F (p).

SOURCE SS df MS F P

WITHIN 4.85 25 0.19

CONSTANT 47.44 1 47.44 244.27 0.00

SITE 0.00 1 0.00 0.01 0.94

IMPACT STRATUM 0.29 2 0.15 0.75 0.48

SITE BY STRATUM 0.22 2 0.11 0.56 0.58
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TABLE 55. Analysis of variance for mean vigor of volunteers at Lower Cathedral
Lake: sum of squares (SS), degrees of freedom (df), mean square
(MS), F value (F), and significance of F (p) .

SOURCE SS df MS

WITHIN 6.65 25 0.27

CONSTANT 150.42 1 150.42 565.50 0.00

SITE 0.00 1 0.00 0.01 0.93

IMPACT STRATUM 0.67 2 0.33 1.26 0.30

SITE BY STRATUM 0.27 2 0.13 0.50 0.61

Influence of Lake Basin

Elizabeth Lake had six volunteers (six species); Budd Lake had 47 volunteers

(15 species); and Lower Cathedral Lake had 59 volunteers (14 species; Table 47).

Mean numbers of volunteers per quadrat differed among lake basins (nested ANOVA

p = 0.08, Table 50; K-W ANOVA chi-square = 27.9, p < 0.01) with means of

0.13, 0.41, and 1.05 volunteers per quadrat at Elizabeth, Budd, and Lower Cathedral

Lakes, respectively (Table 48). Lower Cathedral Lake also experienced the largest

increases in percent cover and species richness among lake basins in this study (see

Chapter 2). Elizabeth Lake ranked second in percent cover and species richness

increases, but did not experience much volunteer establishment. Although percent

cover and species richness changes were smallest at Budd Lake, volunteer
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establishment occurred frequently. This illustrates how sampling of percent cover and

species richness changes does not reveal all vegetation changes occurring on treated

sites. The establishment of volunteers is important, but decreases in cover due to

mortality or dieback of other individuals may swamp the influence of volunteers in

net vegetation change. Thus, monitoring of vegetation recovery on sites should

include careful documentation of volunteers as well as cover and richness changes.

Differences in numbers of volunteers among lake basins may be due, in part,

to different patterns and intensities of visitor use. Visitor use characteristics are a

function of management policies and ease of access, and these characteristics differ

from basin to basin. However, differences in numbers of volunteers per quadrat

among lake basins cannot be interpreted directly because differences seemed to be

influenced by whether or not sampled quadrats had transplants (p = 0.08, Table 50).

Mean seeding status of volunteers per quadrat did not differ among lake basins

(nested ANOVA p = 0.46, Table 51; K-W ANOVA chi-square = 2.95, p = 0.23);

and ranged from 1.17 at Elizabeth Lake to 1.48 at Lower Cathedral Lake (Table 49).

Mean vigor of volunteers did not differ among lake basins in the nested

ANOVA (p = 0.57, Table 52), and ranged from 2.62 at Lower Cathedral Lake to

3.00 at Elizabeth Lake (Table 49). But, mean vigor did differ among lake basins in

the Kruskal-Wallis ANOVA (chi-square = 6.11, p = 0.05). This difference may

relate to high mean vigor (x = 3.00) at Elizabeth Lake, which is due to a small

number of volunteers (N = 6) that all exhibited good vigor.



117

Influence of Campsite

Mean numbers of volunteers per quadrat differed among campsites within lake

basins (nested ANOVA p < 0.01, Table 50; K-W ANOVA chi-square = 51.9, p <

0.01), and ranged from 0.04 at Elizabeth Lake Site 18 to 1.61 at Lower Cathedral

Lake Site 82 (Table 48). Mean seeding status of volunteers per quadrat did not differ

among sites (nested ANOVA p = 0.65, Table 51; K-W ANOVA chi-square = 5.43,

p =0.61), ranging from 1.00 at Elizabeth Lake Site 18 to 1.56 at Budd Lake Site 35

(Table 49). There were small differences in mean vigor of volunteers per quadrat

among sites (nested ANOVA p = 0.12, Table 52; K-W ANOVA chi-square = 8.56,

p = 0.29), which ranged from 2.20 at Budd Lake Site 41 to 3.00 at Elizabeth Lake

sites (Table 49).

Environmental factors within campsites influencing volunteer establishment

include the availability of viable seed, microenvironments for germination and

establishment, and sufficient nutrients, water and sunlight to support established

seedlings. These factors are influenced by the degree of soil compaction and

vegetation degradation on sites. Severely compacted soil without vegetation cover

provides an environment that is ill-suited to plant establishment. A major portion of

high elevation seedlings' first year's photosynthate goes into the development of a

root system that provides insurance against drought death (Billings 1974). If early

root growth is compromised by compacted soil, or lack of nutrients or moisture,

seedlings may not survive. Seedling survival on disturbed sites also is influenced
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strongly by the frequency and intensity of repeated trampling following site treatment,

which can re-compact scarified soil and kill seedlings.

Elizabeth Lake Site 18 had one volunteer (Table 47), and a mean of 0.04

volunteers per quadrat (Table 48), which was the smallest number, and the lowest

mean among study sites. The site is partially shaded, and receives filtered sunlight

throughout the day. The barren core in Site 18 was scarified completely, but this did

not seem to encourage volunteer establishment. The area surrounding the site is

sparsely vegetated, and pre-treatment percent cover and species richness were

relatively low compared to other study sites: 5.76 and 1.44, respectively (Table 56),

and seed availability may be limited.

Site 18 is an attractive site located close to the edge of Elizabeth Lake. No

revegetation signs are present to direct day users away from the site. Continued

trampling by day hikers and picnickers may discourage natural recovery by re-

compacting scarified soil and reducing safe sites for germination, or by killing plants

after they establish.

The combination of filtered sunlight, sufficient soil moisture (as evidenced by

the presence of Vaccinium nivictum and Phyllodoce breweri on the site; Munz and

Keck 1973), and soil scarification should have resulted in conditions favorable to

plant establishment. Complete protection from further trampling may allow

vegetation recovery to occur. If recovery does not occur with site protection, further

investigations into soil conditions and seed availability are suggested.
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TABLE 56. Pre-treatment percent cover (P.P.C.), pre-treatment species richness
(P.S.R.), and mean number of volunteers per quadrat (x) by site.

LOCATION P.P.C. P.S.R.

ELIZABETH LAKE

SITE 18 5.76 1.44 0.04

SITE 20 6.75 0.48 0.20

BUDD LAKE

SITE 3 1.12 0.90 0.70

SITE 35 5.88 2.45 0.60

SITE 37 4.13 2.00 0.23

SITE 41 0.84 0.13 0.17

LOWER CATHEDRAL LAKE

SITE 39 16.50 1.75 0.50

SITE 82 22.90 2.61 1.61

Elizabeth Lake Site 20 had five volunteers (Table 47), and a mean of 0.20

volunteers per quadrat (Table 48), representing the second smallest number and third

lowest mean among study sites. With scattered stands of lodgepole pine on three

sides and an overstory of lodgepole and western white pine in the southwest corner,

the site is partially shaded, but does receive some direct sunlight. The entire barren

core was scarified. Pre-treatment percent cover on Site 20 was intermediate among

study sites, but pre-treatment species richness was very low: 6.75 and 0.48,
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respectively (Table 56). If seed rain is limited, or the species present on and adjacent

to the site are unable to colonize disturbed areas vegetatively, manual seeding with

locally-collected seed may be advisable to enhance vegetation recovery.

Site 20 is immediately adjacent to a heavily-used trail and continued trampling

may discourage vegetation recovery. As with Site 18, site protection is advised.

Budd Lake Site 3 had 21 volunteers (Table 47) and a mean of 0.70 volunteers

per quadrat (Table 48), which are the second highest number and mean among study

sites. This site has a coarse, sandy, granitic soil, in contrast to the finer textured

soils with more organic matter occurring on most other treated sites. Compaction of

coarse, sandy soils may increase the volume of soil micropore space, which can hold

moisture (Hammitt and Cole 1987), possibly increasing water available for plant

germination, establishment and growth. Site 3 is within 7 m of a perennial creek and

the presence of Lupinus covillei on the site indicates a relatively mesic environment

compared to other Budd Lake sites (Munz and Keck 1973). Site 3 also receives more

direct sunlight than all other treated sites except for Lower Cathedral Lake Site 82.

Vegetation on Site 3 is recovering in spite of low pre-treatment percent cover

(i = 1.12), and low pre-treatment species richness, ()T = 0.90, Table 56). The

characteristics of less compactible soils, and adequate sunlight and soil moisture,

combined with scarification of the barren core and clear signs marking it as a

revegetation site all may be contributing to plant establishment.
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Budd Lake Site 35 had 12 volunteers (Table 47) and a mean of 0.60 volunteers

per quadrat (Table 48), both representing intermediate values among study sites.

Located in a forested area, the site is partially shaded by whitebark pine and mountain

hemlock to the east, south and west. Mean pre-treatment percent cover was

intermediate, 5.88, and pre-treatment species richness was 2.45 species per quadrat,

the second highest among study sites (Table 56). Barren core quadrats on this site

were scarified.

Although it is an attractive campsite, Site 35 appeared to have received little or

no use between 1987 and 1990. The volunteer establishment that did occur here

indicates that viable seed is available either from the soil seed bank or surrounding

vegetation and site conditions are favorable for the establishment of some species. If

further trampling can be prevented, vegetation recovery should progress with no

further treatment.

Budd Lake Site 37 had eight volunteers (Table 47) and a mean of 0.23

volunteers per quadrat (Table 48), which were intermediate values among study sites.

This site has dense stands of mountain hemlock to the east with fewer trees to the

south, is open to the north and west, and receives direct afternoon sunlight. The

barren core was scarified. Pre-treatment percent cover and species richness were

4.13 and 2.00, respectively (Table 56), both intermediate values among study sites.

The volunteer establishment here, although limited, indicates that vegetation

may be able to recover without further treatment. However, Site 37 is an attractive,
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sheltered site, and appeared to have been used for camping between 1987 and 1990.

Volunteers will not persist unless illegal camping is prevented.

Budd Lake Site 41 had six volunteers (Table 47) and a mean of 0.17

volunteers per quadrat (Table 48), representing the third lowest number and the

second lowest mean among study sites. This site was not scarified. Pre-treatment

percent cover and species richness were 0.84 and 0.13, respectively (Table 56), which

were the lowest values among study sites.

Site 41 is heavily shaded, and lack of sunlight may be limiting seedling

establishment. Abandoned campsites in the subalpine zone in the Glacier Peak

Wilderness Area in Washington were scarified and allowed to recovery naturally.

Three years later, sites with heavy shade showed poor response when compared to

sites receiving more sunlight (Mann and Dull 1979). In addition, Site 41 has a 7 15

cm deep layer of conifer litter and duff which may not allow seeds to reach a suitable

substrate for rooting. Seed germination may be prevented because light cannot

penetrate the litter layer. The accumulation of litter and duff may indicate an altered

soil microorganism community, which may impede establishment.

Site 41 is scenic, sheltered from wind, and has never been signed as a

revegetation site. It appears to have been used for camping between 1987 and 1990.

This use, coupled with shade, a deep litter layer, and potentially low seed availability

may be discouraging vegetation recovery. Further trampling should be prevented,
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and investigations into soil conditions and seed availability should be conducted to

isolate factors that may be limiting vegetation recovery.

Lower Cathedral Lake Site 39 had 14 plants volunteer (Table 47) and a mean

of 0.50 volunteers per quadrat (Table 48), which represented the third highest number

and the fourth highest mean among study sites. Site 39 is shaded on all sides by

lodgepole pines and receives little direct sunlight. Site 39 is the only study site with

dense understory vegetation. The site appears more mesic than other sites in the

study, as evidenced by the presence of Carex spectabilis (Munz and Keck 1973,

Burke 1982).

The relatively abundant volunteer establishment on this site may be related to a

diverse seed pool associated with the 12 species initially present on the site

(x pre-treatment species richness = 1.75, Table 56). Pre-treatment percent cover

was 16.50 (Table 56), the second highest among study sites. Relatively high initial

percent cover and species richness, combined with mesic conditions may encourage

volunteer establishment, even though the site was not scarified and direct sunlight is

limited. Vegetation recovery was enhanced by site protection due to signs erected

immediately after treatment. Volunteer establishment may have occurred more

frequently here than was revealed in this data set, because thunderstorms occurring

prior to vegetation sampling in the summer of 1990 resulted in the deposition of large

quantities of decomposed granite over large sections of Site 39, possibly burying

seedlings.
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Lower Cathedral Lake Site 82 had the most volunteer activity among study

sites, with 14 species volunteering a total of 45 times (Table 47) and a mean of 1.61

volunteers per quadrat (Table 48). This is the only study site that was scarified

completely. Like Budd Lake Site 3, where the second highest number of volunteers

became established, Site 82 receives direct sun and has coarse, sandy, granitic soils

that may be less subject to damage by trampling than finer soils occurring on other

sites (Hammitt and Cole 1987). Pre-treatment percent cover and species richness

were 22.90 and 2.61, respectively (Table 56); both values were the highest among

study sites. In addition, this site lies at the base of a large granite slab which

channels runoff into the site without causing erosion, thus increasing moisture for

vegetation.

Lower Cathedral Lake basin is still open to overnight camping, but campers

have alternative sites at which to camp, which decreases the chance of overnight use

occurring on sites undergoing restoration. Located on a peninsula with one main

access point, Site 82 was easy to protect from further trampling by the posting of

signs, which were placed around the site in 1987 immediately after site treatment.

Relatively uncompactible soils, total site scarification, abundant sunlight,

runoff from surrounding slabs, diverse and dense vegetation adjacent to the site, and

the ease of site protection all may be encouraging volunteer establishment.
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Influence of Impact Strata

Forty-three percent of volunteers in this study established on barren core

quadrats; 30% established on moderately trampled quadrats; and 27% established on

peripheral quadrats. Mean numbers of volunteers per quadrat differed among impact

strata (nested ANOVA p = 0.10, Table 50; K-W ANOVA chi-square = 3.92, p =

0.14). Mean numbers of volunteers per quadrat on barren core, moderately trampled

and peripheral quadrats were 0.71, 0.49, and 0.37, respectively (Table 57).

The higher incidence of volunteer establishment in barren core quadrats seems

contrary to logic because conditions for establishment appear less favorable in barren

core than in moderately trampled or peripheral quadrats. For example, barren core

areas in subalpine campsites in Sequoia National Park had higher soil compaction, and

lower levels of N, K, Mg, Ca, organic matter and soil moisture than moderately

trampled or peripheral areas of the same sites, conditions that should hinder volunteer

establishment (Stohlgren 1986).

Slow recovery in barren core areas is suggested by data from the Wasatch

plateau in Utah. Here, the microclimate resulting from existing vegetation clumps (as

would be found in moderately trampled or peripheral quadrats) provided more suitable

conditions for establishment than areas completely devoid of vegetation (Ellison

1949). Vegetation clumps allow accumulation of wind-blown dust, organic matter

and seed, there is more surface moisture under vegetation than in open areas, and soil

temperature fluctuations are less extreme when vegetation is present (Ellison 1949).
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stratum: number of sampled quadrats (N), mean (standard error in
parentheses), and range.
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IMPACT STRATUM N MEAN (SE) RANGE

BARREN CORE 68 0.71 (0.13) 0 - 4

MODERATELY
TRAMPLED 67 0.49 (0.10) 0 3

PERIPHERAL 79 0.37 (0.08) 0 3

The observed differences in numbers of volunteer occurrences, and mean

numbers of volunteers per quadrat among impact strata may relate to absolute area

available on which plants can become established, which is greater on barren core

quadrats, intermediate on moderately trampled quadrats, and least on peripheral

quadrats. In addition, both soil scarification treatments and transplanting were

proportionately higher on barren core than on moderately trampled or peripheral

quadrats. The resulting loosened soil and possible exposure of buried seed, coupled

with greater infiltration of moisture and a relatively high incidence of solar radiation

may combine to encourage seed germination and volunteer survival on barren core

quadrats.

Mean seeding status of volunteers did not differ among impact strata (nested

ANOVA p = 0.86, Table 51; K-W ANOVA chi-square = 4.12, p = 0.13). Mean
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vigor did not differ among impact strata (nested ANOVA p = 0.36, Table 52; K-W

ANOVA chi-square = 3.03, p = 0.22).

Influence of Transplanting

Soil disturbance associated with transplanting might be expected to stimulate

volunteer establishment by creating irregularities in the soil surface for germination,

and loosening soil to provide easier root penetration and increased water infiltration.

However, of the 112 volunteers on study sites, 46% established on planted quadrats,

and 54% established on unplanted quadrats (Table 58).

Mean numbers of volunteers per quadrat did not differ between planted and

unplanted quadrats (nested ANOVA p = 0.43, Table 50; K-W ANOVA chi-square =

0.04, p = 0.84). Similarly, mean seeding status and vigor of volunteers did not

differ between planted and unplanted quadrats in the nested ANOVA (p = 0.28, and

p = 0.26, respectively, Tables 51 and 52). However, the Kruskal-Wallis ANOVA

showed differences in mean seeding status and vigor of volunteers between planted

and unplanted quadrats (chi-square = 4.06, 3.64; and p = 0.04 and 0.06,

respectively). Means for seeding status and vigor were slightly higher among

volunteers on unplanted quadrats. There is no apparent reason for differences in

seeding status or vigor between planted and unplanted quadrats.

Mean numbers of volunteers were highly variable on both planted and

unplanted quadrats (Table 59). Thus, larger sample sizes than those used in this
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TABLE 58. Number of sampled quadrats (N), total number and percent of volunteer
occurrences on planted vs. unplanted quadrats.

N # OCCURRENCES % OCCURRENCES

PLANTED QUADRATS 92 52 46%

UNPLANTED
QUADRATS 122 60 54%

study may have been required to detect an effect of planting on numbers of

volunteers, if one existed.

One potential effect of transplanting on volunteer establishment that may have

been important in this study involves introduction of seed to the site via the

transplanted sod mat. At Elizabeth Lake Site 18, Poa nervosa sprouted from a dead

Carex rossii transplant; at Budd Lake Site 35 Poa nervosa sprouted from a dead

Juncus parryi transplant; and at Lower Cathedral Lake Site 82 Muhlenbergia filifortnis

sprouted from a dead Calamagrostis breweri transplant and from a dead Juncus parryi

transplant, and Antennaria corymbosa sprouted from a dead Calamagrostis breweri

transplant.
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Summary statistics for numbers of volunteers per quadrat on planted vs.
unplanted quadrats: number of sampled quadrats (N), and means
(standard error in parentheses).

SAMPLED AREA

PLANTED UNPLANTED

N MEAN (SE) N MEAN (SE)

ALL AREAS 91 0.57 (0.11) 123 0.47 (0.06)

ELIZABETH LAKE 29 0.10 (0.06) 19 0.16 (0.09)

SITE 18 13 0.00 (0.00) 10 0.10 (0.10)

SITE 20 16 0.19 (0.10) 9 0.22 (0.15)

BUDD LAKE 42 0.29 (0.10) 68 0.49 (0.09)

SITE 3 10 0.70 (0.33) 20 0.70 (0.21)

SITE 35 7 0.14 (0.14) 13 0.85 (0.22)

SITE 37 14 0.29 (0.13) 16 0.19 (0.10)

SITE 41 11 0.00 (0.00) 19 0.26 (0.10)

LOWER CATHEDRAL LAKE 20 1.85 (0.28) 36 0.61 (0.13)

SITE 39 9 0.78 (0.28) 19 0.37 (0.16)

SITE 82 11 2.73 (0.24) 17 0.88 (0.21)

Influence of Soil Scarification

Mean numbers of volunteers per quadrat differed between a scarified and an

unscarified site at Lower Cathedral Lake (ANOVA p < 0.01, Table 53; K-W
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ANOVA chi-square = 12.4, p < 0.01) with means of 0.50 and 1.61 on Sites 39

(unscarified) and 82 (scarified), respectively (Table 60). Mean numbers of volunteers

per quadrat differed also among impact strata (ANOVA p < 0.01, Table 53; K-W

ANOVA chi-square = 13.3, p < 0.01), with the largest numbers of volunteers on

barren core quadrats, an intermediate number on moderately trampled quadrats, and

the fewest on peripheral quadrats (Table 60). However, the effects of scarification on

numbers of volunteers cannot be interpreted directly because of interactions between

scarification (site) and impact strata (p = 0.02, Table 53). Thus, while scarification

may have influenced volunteer establishment by loosening soil, providing

microenvironments suitable for seed germination, or bringing viable seed from the

soil seed bank close enough to the surface to permit germination, the effects of

scarification cannot be isolated in this study.

Mean seeding status of volunteers did not differ between the scarified and the

unscarified site, or among impact strata (ANOVA p = 0.94 and 0.48, respectively,

Table 54; K-W ANOVA chi-square = 0.53, 1.35; and p = 0.47, 0.87, respectively).

Mean vigor of volunteers did not differ between the scarified and unscarified

site, or among impact strata (ANOVA p = 0.93 and 0.30, respectively, Table 55; K-

W ANOVA chi-square = 0.03, 3.15; and p = 0.87, 0.21, respectively).
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Mean number of volunteers per quadrat, mean seeding status of
volunteers per quadrat, and mean vigor of volunteers per quadrat for
sites at Lower Cathedral Lake (standard errors in parentheses).

VOLUNTEERS SEEDING VIGOR

SITE 39 0.50 (0.14) 1.40 (0.15) 2.65 (0.15)

BARREN CORE 0.90 (0.28) 1.25 (0.17) 2.58 (0.20)

MODERATELY
TRAMPLED 0.25 (0.16) 1.50 (0.50) 2.50 (0.50)

PERIPHERAL 0.30 (0.21) 1.75 (0.25) 3.00 (0.00)

SITE 82 1.61 (0.23) 1.52 (0.09) 2.61 (0.18)

BARREN CORE 2.60 (0.27) 1.48 (0.13) 2.40 (0.21)

MODERATELY
TRAMPLED 1.50 (0.34) 1.56 (0.15) 2.79 (0.13)

PERIPHERAL 0.50 (0.27) 1.50 (0.29) 2.83 (0.17)
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SUMMARY

The volunteer establishment that occurred on treated campsites in this study

illustrates the potential for some damaged subalpine sites to reestablish vegetation

without human assistance other than protection from further trampling. Volunteer

establishment occurred on all sites between 1987 and 1990 in spite of drought

conditions prevailing in the study area during that time. The numbers of volunteers

per site ranged from one to 45 occurrences, and 29 species were represented.

Variation among individual campsites accounted for the greatest differences in

numbers of volunteer occurrences per quadrat. Mean numbers of volunteers differed

to a lesser extent among the three lake basins and the three impact strata.

Transplanting did not appear to have a significant effect on volunteer establishment.

Seeding status of volunteers did not differ among lake basins, sites or impact strata,

but unexplained differences in seeding status did exist between planted and unplanted

quadrats, with unplanted quadrats having more volunteers producing seed. Vigor of

volunteers differed little among sites and impact strata, but small differences were

detected among lake basins. As with seeding status, mean vigor of volunteers was

somewhat higher on quadrats that were not planted.

The effect of soil scarification on volunteer establishment requires further

study. Differences in numbers of volunteers per quadrat were detected between a

scarified and an unscarified site at Lower Cathedral Lake, but the effects of

scarification could not be isolated, as they differed among impact strata.
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The time necessary for total campsite recovery has been related to the extent

of barren core, degree of soil compaction, soil chemistry (Stohlgren 1985), length of

growing season and moisture regime (Hammitt and Cole 1987). This list should

include climatic conditions prevailing during the recovery period, such as drought,

which may affect seed production, germination, establishment and growth; and

whether or not the site receives further trampling.

The two campsites with the most volunteer establishment (Budd Lake Site 3

and Lower Cathedral Lake Site 82) have several features in common. Both sites have

poorly developed coarse, granitic soils that may not be damaged by compaction

associated with trampling, and both sites receive abundant sunlight and soil moisture.

Diverse and dense vegetation on and adjacent to sites may enhance volunteer

establishment, as occurred in Site 82. However, in Site 3, low initial cover and

species richness did not seem to deter volunteer establishment.

Perhaps the most important factor encouraging volunteer establishment is

preventing continued disturbance, in this case, trampling. The four sites with the

largest number of volunteers did not appear to have been disturbed after site

treatment. In contrast, two of the four sites with the fewest volunteers appeared to

have been re-used by campers, and two are located in areas subject to trampling by

day users. Protecting sites from continued use with clear signs indicating the location

of alternative areas to walk, camp or picnic will provide the greatest opportunity for

recovery of vegetation through volunteer establishment.
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CHAPTER 4. RESPONSES OF SIERRA NEVADA SUBALPINE PLANT SPECIES
IN A BACKCOUNTRY CAMPSITE REVEGETATION PROJECT

INTRODUCTION

Restoring vegetation on disturbed sites requires conditions that are suitable for

the establishment and growth of native species. Once site conditions are suitable,

plants must be introduced naturally or artificially. Successful vegetation restoration

depends on an understanding of the species of interest. Information on physiology,

habitat requirements, and reproductive biology, including phenology and seed

dormancy mechanisms, assists in predicting the potential success of species in

restoration treatments. Selection of appropriate species for transplanting or manual

seeding treatments is enhanced by knowledge of species' responses in previous

revegetation efforts, such as survival following transplanting or seeding, and volunteer

establishment. In addition, if management decisions incorporate information on the

relative sensitivity of vegetation and soils to trampling effects, further degradation can

be minimized when locating new campsites and trails, establishing or adjusting use

quotas, or implementing area closures.

Information on habitat and regeneration requirements on many Sierra Nevada

subalpine plant species is sparse. This chapter describes 11 plant species used in a

backcountry campsite revegetation project in Yosemite National Park, their responses

in transplanting and seed germination trials (when available), and their volunteer
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establishment on treated sites. In addition, I have included a review of previous

literature related to the revegetation potential of these species. Calamagrostis

breweri, Carex rossii, Carex spectabilis, Carex straminiformis, Juncus parryi,

Trisetum spicatum, and Vaccinium nivictum were selected for analysis because they

were common on treated sites and were transplanted 10 or more times. Agrostis

humilis, Calyptridium umbellatum, Muhlenbergia filiformis and the genus Pinus were

included because they established voluntarily on study sites and possess characteristics

of special interest.
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STUDY AREA

Elizabeth and Budd Lakes are located in Tuolumne County, California, and

Lower Cathedral Lake is in Mariposa County, California. The lake basins are south

of Tuolumne Meadows, in the east central region of Yosemite National Park, CA (37°

51' N latitude; 119° 23' W longitude; U.S.G.S. Tuolumne Meadows quadrangle,

1956, Fig. 1). The region is characterized by extensive subalpine meadows

interspersed with granite domes and surrounded by glacially-carved peaks and ridges.

The Sierra Nevada lodgepole pine zone receives 750 1500 mm of

precipitation per year, primarily in winter as snow from eastward-moving polar front

cyclones (Chabot and Billings 1972, Parker 1982). Snow cover usually persists from

mid-October through late May. The weather station closest to the study area is Ellery

Lake, at an elevation of 2890 m (37° 56' N, 119° 14' W), which is northeast of

Tuolumne Meadows, on the east slope of the Sierra Nevada.

From 1960 to 1986, mean annual precipitation recorded at Ellery Lake was

660.7 mm (Appendix I). Between 1987 and 1990, during this study, mean annual

precipitation was 473.3 mm (NOAA 1960-1990). Precipitation from cyclonic storms

probably is lower at Ellery Lake than in the study area, but mean values from these

periods illustrate clearly the drought conditions prevailing during the study.

The study area experiences a three month summer season with approximately

100 frost-free days (van Wagtendonk 1986). During the summer, high temperatures
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average 18 22° C and low temperatures average 3 4° C. The combination of high

elevation and low summer precipitation results in a significant summer drought in the

Sierra Nevada subalpine zone (Burke 1982, Vankat 1982). Measurements taken along

a transect from 1220 - 2440 m in Yosemite National Park showed that less than 3%

of the total precipitation falls from June through August (Parker 1982). Most

cyclonic storms are deviated from the Sierra in the summer due to a subtropical high

pressure cell off the Oregon coast (Major 1988). Occasional summer thundershowers

are triggered by moist air flowing north from the Gulf of California (Klickoff 1965).

As a result, throughout the Sierra Nevada, soil moisture tends to be low during the

summer (Chabot and Billings 1972, Vankat 1982, Burke 1982). At a subalpine site in

Kings Canyon National Park, based on temperature and precipitation records,

potential evapotranspiration could exceed precipitation by 72, 91, 87 and 53

mm/month in June, July, August and September, respectively (Burke 1982).

Soils in lodgepole and whitebark pine forests in the central Sierra Nevada

(elevation 2800 3600 m) generally are coarse, with little or no horizon development

and can be deficient in phosphorus, zinc, magnesium and calcium (Klickoff 1965).

Total vegetative cover decreases with increasing elevation in Sierran montane

forests, from 100+ percent in the red fir zone to less than 25 percent in the subalpine

zone (Rundel et al. 1988). Meadow vegetation in the study area is dominated by

Calamagrostis breweri (shorthair grass) and several species of Carex with Poa

nervosa, Deschampsia caespitosa, Antennaria corymbosa, and various species of
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Juncus as common associates (nomenclature follows Munz and Keck 1973). The

surrounding forests primarily consist of Pinus contorta ssp. murrayana (lodgepole

pine), with Tsuga mertensiana (mountain hemlock) and Pinus albicaulis (whitebark

pine) occurring at higher elevations.

Elizabeth Lake

At an elevation of 2892 m, Elizabeth Lake is 3.2 km south of Tuolumne

Meadows campground and is accessed by a maintained hiking trail (Fig. 2).

Scattered, dense patches of lodgepole pine and large, open meadows surround the

lake, which is fed by snowmelt from surrounding ridges. The basin is drained by

Unicorn Creek, which flows out of the lake to the north. Soils on treated campsites

are sandy loams with a high organic matter content derived from quaternary glacial

and alluvial deposits from the Johnson Granite Porphyry formation (Bateman et al.

1983).

Elizabeth Lake is assumed to have received intensive use by backpackers and

stock parties prior to 1974, when it was closed to overnight use. This assumption is

based on the lake's proximity to California Highway 120 and the developed area of

Tuolumne Meadows, combined with the easy access to the lake provided by a well-

maintained trail. Currently, Elizabeth Lake is a very popular destination for day

hikers and illegal camping may occur occasionally.
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Elizabeth Lake Site 18 is on a peninsula along the eastern edge of Elizabeth

Lake, approximately 10 m from the lake shore (Fig. 3). The site is partially shaded

by a sparse lodgepole and whitebark pine overstory, and receives filtered sunlight

throughout the day. Lodgepole pine saplings grow in adjacent areas. This campsite

slopes slightly southwest.

Elizabeth Lake Site 20 is north of Site 18, immediately adjacent to a well-

developed trail, and approximately 30 m from the edge of the lake (Fig. 3). There

are scattered lodgepole pines to the north, south and east, and the southwest corner of

the site has a lodgepole and western white pine overstory which results in partial

shading. The site is relatively open to the west, and slopes slightly north.

Budd Lake

Budd Lake is 4.8 km south of California Highway 120, and is accessed by a

series of easily discernible, unmaintained trails beginning east of the Cathedral Lakes

trailhead (Fig. 2). Located in a glacial cirque at an elevation of 3040 m, the lake is

fed by snowmelt and drains into Budd Creek to the north. Scattered patches of

whitebark pine and mountain hemlock grow around the lake, and there are small

meadows at the lake's outlet. Soils on treated sites are derived from the Cathedral

Peak Granodiorite formation and quaternary glacial deposits (Bateman et al. 1983)

and range from very thin decomposed granite to fairly well-developed sandy loams.
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Budd Lake is assumed to have experienced moderate levels of backpacking use

prior to its closure to overnight use in 1974. It is doubtful that the area ever received

much use by stock parties, as access is difficult and Yosemite National Park

regulations exclude stock from unmaintained trails. Currently, Budd Lake receives

light to moderate use by day hikers and may be subject to frequent illegal camping.

Budd Lake Site 3 is north of Budd Lake, approximately 7 m east of Budd

Creek (Fig. 4). There are scattered clumps of whitebark pine to the north, west,

southwest and southeast, with open exposure to the south. A very sparse overstory of

whitebark pine casts limited shade on the site. Site 3 slopes slightly west and has

shallow, decomposed granitic soil with low organic matter content.

Budd Lake Site 35 is west of Budd Lake on a sheltered bench approximately

25 m upslope from the lake (Fig. 4). The site is in a forested area with whitebark

pine and mountain hemlock to the east, south and west. Site 35 has no overstory,

although one whitebark pine at plot center casts a small amount of shade. The site

slopes slightly north to northeast.

Budd Lake Site 37 is west of Budd Lake, southwest of Site 35, approximately

30 m above the lake's edge (Fig. 4). There are dense stands of mountain hemlock

east of the site with fewer trees to the south. The view is open to the north and west.

Site 37 has a few small mountain hemlocks in it, but has no canopy. The site slopes

gently northwest.
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Budd Lake Site 41 is west of Budd Lake, south of Site 37 on a slight southeast

slope (Fig. 4). There are dense stands of whitebark pine to the north and east, with

fewer trees to the south and west. The site is further shaded by small lodgepole and

whitebark pines that grow along the site margin.

Soils on Sites 35, 37 and 41 at Budd Lake are deeper than soils on Site 3, and

have more organic matter.

Lower Cathedral Lake

Located along a popular maintained trail, Lower Cathedral Lake is 4.8 km

south of California Highway 120 (Fig. 2). At an elevation of 2831 m, the lake is

bordered by a mosaic of granite shelves and scattered dense patches of lodgepole

pine, with extensive meadows to the east. Cathedral Creek feeds the lake from the

east. On the west side of the lake, the creek continues northwest to converge with

Tenaya Creek. Soils on treated sites are derived from the Cathedral Peak

Granodiorite formation (Bateman et al. 1983) and range from very thin decomposed

granite to shallow sandy loams.

With over 160 campsites, Lower Cathedral Lake receives very heavy overnight

use, as well as heavy day use. Sites selected for restoration were closed to camping

immediately after treatments were applied in August, 1987, because of their proximity

to the lake.
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Lower Cathedral Lake Site 39 is on the northwest shore of Lower Cathedral

Lake, near the outlet of Tenaya Creek, approximately 7 m from the lake shore (Fig.

5). This site is heavily shaded by lodgepole pines, which grow adjacent to, and

within, the site. Site 39 is the only study site with dense understory vegetation and

the site is more mesic than other study sites, as evidenced by Carex spectabilis on,

and adjacent to, the site (Munz and Keck 1973, Burke 1982). Soils are fine-textured

sandy loams with a high organic matter content.

Site 39 has experienced significant erosion due to topographic position and the

removal of vegetation by recreational use. There is a large granite slab formation to

the northwest that channels runoff through the site, which slopes gently to the

southeast. In 1990, heavy spring rains resulted in the deposition of large quantities of

decomposed granite on the site.

Lower Cathedral Lake Site 82 is north of Lower Cathedral Lake on a small

peninsula, approximately 6 m from the lake shore (Fig. 5). There is a dense stand of

lodgepole pine to the east, and the site is open to the north, west, and south. A few

small lodgepole pines grow in the southeast corner of the site, but they cast little

shade. Site 82 supports subalpine meadow vegetation dominated by shorthair grass,

as opposed to other study sites, which support lodgepole pine or whitebark pine

forests. Soils are shallow, poorly-developed decomposed granite. Site 82 is level and

receives significant runoff from granite slabs to the west.
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METHODS

Site Selection

Selection of campsites for revegetation was based on recommendations from

Yosemite's Wilderness Impacts Monitoring Study, which inventoried and documented

conditions of all backcountry campsites and trails in the park (NPS 1987). Sites

receiving priority for revegetation had large denuded areas and exhibited both

ecological and aesthetic degradation.

Plot Establishment and Initial Vegetation Sampling

Within each campsite, a permanent 10 m x 10 m plot was established

subjectively to include the most degraded central area of the site and some adjacent

vegetation. A stratified random sampling system used previously in Sierra Nevada

backcountry campsite assessment (Stohlgren 1982) was modified for vegetation

sampling. Campsites were stratified into impact zones to allow separate analyses of

barren core, moderately trampled and peripheral areas; and comparison among the

three zones. Stratification was necessary because mean values of percent cover and

species richness in an entire campsite do not provide a realistic picture of the effects

of concentrated use on vegetation (Stohlgren 1982).

Division into impact strata was based on visual evidence of damage to

vegetation and soils. Impact strata included:
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1) Barren core areas with very little or no aboveground vegetation, and litter

and duff removed or completely pulverized (usually encircling fire pits);

2) Moderately trampled areas with a noticeable reduction in the quantity of

aboveground vegetation, litter and duff when compared to surrounding

peripheral areas, but appearing less damaged than barren core areas; and

3) Peripheral areas with little or no visible reduction or disturbance of

vegetation, litter or duff. Peripheral quadrats appeared to have received little

trampling and therefore were assumed to provide an approximate

representation of the undisturbed vegetation community.

Sixty-eight barren core quadrats (x vegetation cover 0.34%), 67 moderately

trampled quadrats (x vegetation cover 2.87%), and 79 peripheral quadrats (x

vegetation cover 18.85%) were sampled (Table 61).

Permanent plots were located subjectively to include areas representing all

three impact strata. Steel reinforcing rods were placed at two corners of each plot for

relocation. Temporary stakes were placed along the periphery of the plot at 1 m

intervals. From these stakes, strings were stretched across the site to establish a grid

of 100 1 m x 1 m quadrats.
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Summary statistics for original vegetation cover (%) by impact stratum:
number of quadrats sampled (N), mean (standard error in parentheses),
and range.

IMPACT STRATUM N MEAN (SE) RANGE'

BARREN CORE 68 0.34 (0.08) 0 - 3.0

MODERATELY
TRAMPLED 67 2.87 (0.60) 0 27.7

PERIPHERAL 79 18.85 (2.95) 0 90.0

1 Moderately trampled and peripheral quadrats with 0.0% original cover had dense
tree branches extending over the ground surface, but had no understory vegetation.

The entire plot was mapped to document features such as large rocks, trees,

and fire rings (Appendix II). Using the grid to aid in accuracy, the locations of

impact strata were mapped using subjective, visual criteria.

Three to ten quadrats from each impact stratum were selected for vegetation

analysis prior to site treatment. The number of quadrats sampled from each stratum

varied because not all sites contained ten quadrats of each stratum. When there were

fewer than 10 quadrats of a stratum, all quadrats in that stratum were sampled. When

there were more than 10 quadrats of a stratum, 10 quadrats from that stratum were

selected randomly for sampling (Table 62). Quadrats containing more than one

impact stratum were not sampled.
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Species cover was estimated to the nearest percent. The accuracy of estimates

was improved by using a 1 m x 1 m PVC quadrat frame divided into a grid

containing 100 0.01 m x 0.01 m units. Species present with less than 0.05% cover

were recorded as occurring in "trace" amounts.

TABLE 62. Number of quadrats sampled by site and impact stratum.

LOCATION
BARREN

CORE

IMPACT STRATUM

MODERATELY
TRAMPLED

PERIPHERAL

ALL AREAS 68 67 79

ELIZABETH LAKE 8 20 20

SITE 18 3 10 10

SITE 20 5 10 10

BUDD LAKE 40 29 41

SITE 3 10 9 11

SITE 35 10 0 10

SITE 37 10 10 10

SITE 41 10 10 10

LOWER CATHEDRAL
LAKE 20 18 18

SITE 39 10 8 10

SITE 82 10 10 8
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Restoration Techniques

Site Preparation

Before soil treatment and transplanting occurred, rock fire rings within

campsites were dismantled and charred rocks were removed from the area;

accumulations of firepit ash were buried or spread over the site; and large rocks were

partially buried throughout the site with sharp edges up to discourage use. Soils in

some sites then were scarified, which involved loosening the soil with shovels and

breaking up hard clods manually, without turning the soil over. The extent of soil

manipulation on each site varied from digging planting holes only to scarifying the

entire campsite.

Plant Collection

Transplants were collected as sod mats up to 30 cm x 30 cm in size. Sod mats

were collected if the plants were vigorous and locally abundant in the collection area.

All sod mats were composed of a single species except for five mats planted in

Elizabeth Lake Site 18 that were composed of Calamagrostis breweri and Vaccinium

nivictum. Sod mats used at Elizabeth Lake were collected approximately 1.6 km

north of the lake, and west of the main trail; and approximately 0.2 km north of the

Elizabeth Lake Trail junction, northeast of Elizabeth Lake. Sod mats used at Budd

Lake and Lower Cathedral Lake were collected within 0.4 km of the treated

campsites in these basins.
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At Elizabeth Lake, sod mats planted in 1987 were divided prior to planting. A

total of 100 sod mats were collected and divided to produce 484 transplants (190 were

planted in sites 18 and 20; the remainder were planted in two unmonitored sites). At

Budd and Lower Cathedral Lakes, sod mats were planted intact, without division, at

all sites except Site 35, where 6 sod mats of Carex straminiformis were divided to

produce 14 transplants (Table 63).

To minimize the impact of collection, sod mats were taken from locations at

least 3.5 m apart. Sod mats were removed by digging down to a depth of 15 25 cm

around the plants with a shovel, carefully prying roots away from the surrounding

soil, and lifting the mat out. Mats were watered immediately, put in plastic bags and

stored in the shade. Donor holes resulting from sod mat removal were back-filled

with adjacent soil and covered with litter. Plants were carried in burlap sacks, by

humans or mules, to revegetation sites and planted within three hours of collection.

Planting Procedures

Initially, all surface litter and duff was raked to the perimeter of the area to be

planted, which usually included barren core and moderately trampled areas.

Transplants were placed subjectively to mimic the spatial arrangement of surrounding

vegetation. Planting holes were dug to a depth of 12.5 22 cm. One handful of

saturated peat moss was added to holes at Elizabeth and Lower Cathedral Lakes. One

sod mat (or subdivision, if sod mats were divided) was placed into each hole, soil
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transplant was watered thoroughly. Three sites were watered twice (Table 63).

TABLE 63.
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Summary of site treatments: date(s) of treatment; site preparation (SP)
code (1 = entire barren core scarified, other strata not scarified, 2 =
site not scarified, 3 = entire site scarified); seeding code (SC) 0 = not
seeded, 1 = seeded with Lupinus covillei, 2 = seeded with
Calamagrostis breweri; peat moss soil amendment added (PM); date(s)
transplants were watered; and whether or not transplanted plugs were
divided (PD).

LOCATION DATE SP SC PM WATER PD

ELIZABETH LAKE

SITE 18 7/13/87 1 0 YES 7/13/87 YES
7/14/87

7/05/88 NO

SITE 20 7/14/87 1 0 YES 7/14/87 YES
6/24/88 NO

BUDD LAKE

SITE 3 7/21/87 1 1 NO 7/21/87 NO
7/23/87

SITE 35 7/21/87 1 0 NO 7/21/87 YES1
7/23/87

SITE 37 8/04/87 1 0 NO 8/04/87 NO

SITE 41 8/04/87 2 0 NO 8/04/87 NO

LOWER CATHEDRAL
LAKE

SITE 39 8/20/87 2 0 YES 8/20/87 NO

SITE 82 8/19/87 3 2 YES 8/19/87 NO

1 In Site 35, 6 Carex straminiformis sod mats were divided into 14 smaller
transplants. The remainder of the transplants in Site 35 were undivided sod mats.
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After planting, litter and duff were returned to the site and additional material

from adjacent areas was scattered over the site to create a 5 7 cm deep layer of

mulch. Site 82 at Lower Cathedral Lake was mulched with dead meadow grasses; all

other sites were mulched with pine needle litter. Downed logs and woody debris

were collected and scattered over the site to discourage use.

Transplanting on all sites occurred between July 13 and August 20, 1987

(Table 63). At Elizabeth Lake, 190 transplants were planted in 1987 (Table 64); at

Budd Lake, 128 transplants were planted (Table 65); and at Lower Cathedral Lake,

103 transplants were planted (Table 66).

TABLE 64. Number of Elizabeth Lake transplants by year, site, and species
(nursery propagules in parentheses).

SPECIES 1987

SITE 18

1988 1987

SITE 20

1988

Antennaria corymbosa 0 0 1 0

Calamagrostis breweri 71 0 16 0

Carex rossii 23 9 (147) 39 4 (147)

Juncus pariyi 31 6 (147) 57 8 (147)

Vaccinium nivictum 162 0 0 0

C. rossii/J. parryi mixed 0 0 0 7

Total 77 15 (294) 113 12 (294)

1 three of these had some Vaccinium nivictum.
2 two of these had some Calamagrostis breweri.
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SITE

SPECIES 3 35 37 41

Carex rossii 7 6 1 7

Carex straminiformis 3 14 1 2

Eriogonum sp. 1 0 0 0

Juncus parryi 7 11 31 9

Lupinus covillei 2 0 0 0

Luzula divaricata 0 0 2 0

Poa hanseni 0 0 6 0

Poa nervosa 3 4 0 0

Trisetum spicatum 3 1 1 6

Total 26 36 42 24

TABLE 66. Number of Lower Cathedral Lake transplants by site and species.

SITE

SPECIES 39 82

Calamagrostis breweri 9 25

Carex rossii 0 3

Carex spectabilis 17 0

Juncus drummondii 2 0

Juncus parryi 4 38

Oryzopsis kingii 2 0

Vaccinium nivictum 0 3

Total 34 69

151
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On June 24, 1988, Site 20 at Elizabeth Lake was replanted with 19 locally-

collected transplants and 294 nursery propagules. On July 5, 1988, Site 18 at

Elizabeth Lake was replanted with 15 locally-collected transplants and 294 nursery

propagules (Table 64). Nursery propagules were small and were planted in clumps of

four or five. Fifty-five and fifty clumps were planted at Sites 18 and 20,

respectively. Propagules came from plants collected in 1987, which were taken to the

Soil Conservation Service in Lockeford, California for division and extension.

Planting techniques used in 1988 at Elizabeth Lake were the same as those

used in 1987, except Terra-Sorb soil moisturizer was added to planting holes and

transplants were not divided prior to planting. Not all transplants were planted in

sampled quadrats (Table 67).

Seeding

On Site 3 at Budd Lake and Site 82 at Lower Cathedral Lake unmeasured

quantities of mature seed were collected, scattered over barren core areas, manually

covered with soil, and watered. Seeds were collected and sown the day of site

treatment. Lupinus covillei was sown on Site 3 and Calamagrostis breweri was sown

on Site 82.
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Site Protection

Signs were posted encouraging visitors to assist campsite rehabilitation by not

walking, or camping, on treated sites. In 1987, one sign was posted at the trailhead

to Elizabeth Lake, one sign was posted at Budd Lake northwest

TABLE 67. Distribution of transplanting (includes 1987 and 1988 treatments at
Elizabeth Lake) among sampled and unsampled quadrats: "WITH"
includes quadrats receiving transplants; "WITHOUT" includes quadrats
not receiving transplants.

LOCATION

UNSAMPLED

WITH WITHOUT

SAMPLED

WITH WITHOUT

ELIZABETH LAKE 77 75 31 17

SITE 18 40 37 15 8

SITE 20 37 38 16 9

BUDD LAKE 91 199 41 69

SITE 3 23 47 9 21

SITE 35 23 57 7 13

SITE 37 24 46 14 16

SITE 41 21 49 11 19

LOWER CATHEDRAL
LAKE 62 82 20 36

SITE 39 28 44 9 19

SITE 82 34 38 11 17

TOTAL 230 356 92 122
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of the Budd Creek outlet where most hikers enter the basin from Tuolumne Meadows,

and signs were posted at both treated sites at Lower Cathedral Lake. In 1989, the

revegetation crew noted that the 1987 plantings in Budd Lake Site 3 had received

repeated trampling and they posted signs at the site's perimeter. Trails accessing all

treated campsites were disguised with logs, organic debris and rocks to discourage

use.

Post-treatment Vegetation Sampling

Immediately after site treatment and planting, previously sampled quadrats,

both planted and unplanted, were resampled for percent cover by species to document

changes due to planting. Transplant locations were mapped (Appendix III).

In 1990 (Table 68), I relocated plots and resampled the originally sampled

quadrats for percent cover by species, and identified plants that had established

voluntarily in sampled quadrats. Volunteers were identified by comparing 1987

vegetation data with 1990 data. A plant was considered a volunteer if it was found in

a sampled quadrat in 1990, but not in 1987, and if it had not been transplanted into

that quadrat. Volunteers were assigned a seeding status of 1 (not producing seed) or

2 (producing seed); and a vigor class of 1 (poor), 2 (fair) or 3 (good) based on

subjective visual analysis of aboveground biomass. I documented survival, seeding

status, and vigor of transplants in treated sites. Transplant survival data presented in

this chapter include transplants on all quadrats (Appendix III).
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TABLE 68. Date of re-sampling by site.

LOCATION RESAMPLING DATE

ELIZABETH LAKE

SITE 18 07/22/90

SITE 20 07/21/90

BUDD LAKE

SITE 3 07/05/90

SITE 35 08/05/90

SITE 37 08/06/90

SITE 41 07/01/90

LOWER CATHEDRAL LAKE

SITE 39 07/29/90

SITE 82 07/29/90
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RESULTS AND DISCUSSION

General Trends

Transplant survival rates among species planted ten or more times in 1987

ranged from 0% for Trisetum spicatum and Vaccinium nivictum to 53% for Carex

spectabilis (Table 69). The survival rates for Carex rossii and Juncus parryi planted

in 1988 were higher than for those planted in 1987, with nursery-propagated Carex

rossii having the highest survival rate (Table 70). Division of transplants in 1987 was

inimical to transplant survival. Selected species established voluntarily on treated

sites from zero to twenty times (Table 71).

However, selection of species for subalpine Sierra Nevada revegetation

treatments should not be based only on transplant survival rates and frequency of

volunteer occurrences in this study, because different species were transplanted on

different sites which exhibited varying environmental conditions. Individual site

characteristics must be considered when selecting species.

Individual Species Responses

Agrostis humilis

Agrostis humilis Vasey, or mountain bent grass, is a small tufted perennial

grass of high elevation bogs and alpine meadows from Wyoming and Colorado to

Washington, Oregon and Nevada (Hitchcock 1950). The first population of
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TABLE 69. Number of transplants planted in 1987, number surviving in 1990, and
percent survival (%) by species.

SPECIES PLANTED SURVIVED %

Calamagrostis breweri 57 23 40

Carex rossii 86 5 6

Carex spectabilis 17 9 53

Carex straminiformis 20 4 20

Juncus parryi 188 34 18

Trisetum spicatum 11 0 0

Vaccinium nivictum 21 0 0

TABLE 70. Number of transplants planted at Elizabeth Lake in 1988, number
surviving in 1990, and percent survival by species (%).

SPECIES PLANTED SURVIVED %

Carex rossii
(propagules)

47' 40 85

Carex rossii
(transplants)

13 8 62

Juncus parryi
(propagules)

58 36 62

Juncus parryi
(transplants)

14 9 64

Juncus parryil Carex rossii
(propagules)

7 5 71

1 Each planted "propagule" represents a clump of 4 to 5 nursery-propagated plants.
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TABLE 71. Number of volunteers establishing in treated campsites by species and
site.

CAMPSITE

18 20 3 35 37 41 39 82 TOTAL

Agrostis 3
humilis 0 0 0 0 0 0 0 3

Calamagrostis
breweri 0 0 0 0 0 0 1 2 3

Calyptridium
umbellatum 0 0 7 2 2 0 0 1 12

Carex rossii 0 0 2 0 1 4 4 9 20

Carex
spectabilis 0 1 0 0 0 0 2 0 3

Carex
straminiformis 0 0 0 0 3 0 0 0 3

Juncus parryi 0 0 4 1 0 0 1 6 12

Muhlenbergia
filiformis 0 0 0 3 0 0 0 5 8

Pinus sp. 0 1 3 0 0 2 2 4 12

Trisetum
spicatum 0 0 0 1 0 0 0 0 1

A. humilis identified in California was found in a moist alpine meadow at the outflow

of Blue Canyon Lake in Tuolumne County in 1977 (Neisess 1978). A. humilis is

included in this analysis because the population located in Site 82 at Lower Cathedral
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Lake is one of a few known populations in California and may represent the southern

range limit of the species. It was not found on, or near the site prior to site treatment

in 1987. A. humilis is listed by the California Native Plant Society as rare or

endangered in California, but more common elsewhere in its range. The R-E-D code

assigned to A. humilis is 3-1-1, meaning the plant is very limited in numbers and

populations in California; it is not threatened with extinction based on its geographic

location (found in relatively remote areas); and the general range within which the

species is found is not currently threatened (Smith and Berg 1988). A. humilis is not

state or federally listed as threatened or endangered.

A. humilis established voluntarily 3 times in moderately trampled quadrats at

Lower Cathedral Lake Site 82 (Table 71). All three volunteers had good vigor and

were producing seed. As Agrostis humilis was not identified in the study area prior to

site treatments, the volunteers may have been present in the soil seed bank.

Calamagrostis breweri

Calamagrostis breweri Thurb. [C. lemmonnii Kearn.] is a perennial grass

with creeping rhizomes found in subalpine meadows and alpine fell-fields in the

Sierra Nevada north to Trinity County (Munz and Keck 1973). It has been

characterized as a moist to wet meadow species (Burke 1982).

C. breweri is relatively resistant to damage from trampling (Holmes 1979). In

trampling studies in a C. breweri/Antennaria corymbosa association near Tuolumne
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Meadows, C. breweri showed a minor loss of cover after 250 passes and a major

decrease after 1,000 passes (a pass was a one-way walk by a person down a 0.5 m

wide lane; NPS 1988). One year after treatment, cover of C. breweri and associated

species was completely recovered in the lane that had received 250 passes and was

only slightly different from control vegetation in the lane that had received 1000

passes (NPS 1988).

Calamagrostis breweri occurred in Elizabeth and Lower Cathedral Lake basins

prior to site treatment and was transplanted 57 times with a survival rate after three

years of 40% (Table 69). At Elizabeth Lake, all of the 21 C. breweri and five mixed

C. brewerilVaccinium nivictum transplants planted in 1987 were dead in 1990. At

Lower Cathedral Lake Site 39, three out of nine transplants planted in August 1987

were alive and in fair condition in 1990, but were not producing seed. At Lower

Cathedral Lake Site 82, 20 out of 25 transplants planted in August 1987 survived, all

were in good condition and six were producing seed.

High transplant mortality at Elizabeth Lake may have been due, in part, to

division of transplants prior to planting. Six sod mats were divided to produce 21

transplants. Division damaged root systems and probably aggravated transplant

shock. In addition, Elizabeth Lake sites may be too dry to support transplants of this

species (Klickoff 1965). C. breweri was not on Elizabeth Lake sites prior to

treatment, but was found growing in adjacent moister areas. C. breweri occurred on

both sites at Lower Cathedral Lake prior to site treatment. Lower Cathedral Lake



161

Site 82, where overall transplant survival was 80%, is bordered to the north by dense

meadow vegetation dominated by C. breweri. This meadow vegetation probably

extended into, and covered, the site prior to its use as a campsite. Moister conditions

on this site, associated with runoff from surrounding granite slabs, may have

enhanced transplant survival.

One month after planting, C. breweri transplants in Lower Cathedral Lake Site

82 had brown foliage, but native C. breweri sod growing adjacent to the site also was

browning. Thus, the browning may indicate the normal onset of dormancy for C.

breweri at this location.

Between 1987 and 1990, one C. breweri established voluntarily at Lower

Cathedral Lake Site 39 on a moderately trampled quadrat (Table 71). This volunteer

had fair vigor and was not producing seed. Two non-transplanted C. breweri

established on barren core quadrats in Site 82 (Table 71). One had good vigor, one

had fair vigor and neither were producing seed. On Site 82, there is no way to

determine if volunteers resulted from natural or manual seeding because unmeasured

quantities of C. breweri seed were collected from the adjacent meadow and dispersed

manually on the site in August, 1987.

In 1987, 133.4 grams of C. breweri seed (ca. 2,600 seeds per gram) were

collected and delivered to a Soil Conservation Service facility in Lockeford, CA for

germination trials. Germination rate for these seeds was 90% (NPS 1988).
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Volunteers and relatively high transplant survival rates indicate that C. breweri

may colonize disturbed sites with adequate moisture and may be useful in assisted

revegetation on moist sites. High seed germination rates suggest that nursery

propagation of C. breweri from seed could provide a source of transplanting material.

Calyptridium umbellatum

Calyptridium umbellatum (Tom) Greene. [Spraguea u. Tom S. paniculata

Kell. S. u. var. montana Jones. S. m. Heller. C. nudum Greene. S. eximia and

pulchella Eastw. S. caespitosa, irregularis, and hallii Rydb. S. pulcherrima Heller

C. pulchellum Hoov.], or pussy paws, is a perennial herb in the family Portulacaceae

(Munz and Keck 1973). C. umbellatum grows in loose sandy or gravelly places from

750 m to 3350 m in Pinus ponderosa/Pinus jeffreyi (yellow pine) and subalpine

forests in the mountains of California, south to Baja California, north to the Cascades,

and east to the Rocky Mountains (Munz and Keck 1973). C. umbellatum has a tap

root and poorly developed lateral roots (Holmes 1979), and can flower after the first

season (Hinton 1975). The optimal temperature for germination of seeds from the

Sierra Nevada alpine zone was 30° C or higher (Chabot and Billings 1972).

C. umbellatum grows in areas where few or no other plants are found, is

tolerant of dry, sterile sandy or gravelly soils, and establishes on disturbed sites

(Hinton 1975). In growth chambers, however, C. umbellatum thrives in moist rich
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humus, suggesting that an inability to compete with other species on favorable sites

influences its distribution (Hinton 1975). It is sensitive to trampling (Holmes 1979).

C. umbellatum is an early successional species on Sierra Nevada granodioritic

soils (Rundel 1975) and has established on abandoned trails on well-drained sandy

soils in the Mineral King area of Sequoia National Park (De Benedetti and Parsons

1979).

C. umbellatum was found on, or adjacent to, all study sites. Between 1987

and 1990, C. umbellatum established voluntarily 12 times on treated sites, once on

barren core, six times on moderately trampled, and five times on peripheral quadrats

(Table 71). Six of seven volunteers at Budd Lake Site 3 had good vigor, one had fair

vigor, and three were producing seed. The two at Budd lake Site 35 had good vigor

and were producing seed and the two at Budd Lake Site 37 had good vigor and one

was producing seed. The one volunteer at Lower Cathedral Lake Site 82 had fair

vigor and was not producing seed.

C. umbellatum, a colonizing species in disturbed areas, has great potential in

unassisted revegetation of sites with coarse, gravelly soils. However, because of its

susceptibility to damage from trampling, the recovering area must be protected.

Carex rossii

Carex rossii Boott. is a non-rhizomatous sedge found in dry meadows and

forests from coastal prairie systems and mixed Pinus ponderosa and Pinus jeffreyi



164

forests to alpine fell-fields. It grows throughout California, north to the Yukon, and

east to Michigan (Munz and Keck 1973).

C. rossii increases in abundance on disturbed sites (Cole 1977, Kellogg 1985).

In the Eagle Cap Wilderness Area in Oregon, C. rossii was found occasionally under

undisturbed conditions, but was nearly ubiquitous in campsites (Cole 1977). In nine

out of seventeen community types studied in this wilderness area, C. rossii increased

in frequency, and often became the dominant species as soil compaction increased

(Cole 1977).

C. rossii grew on, and adjacent to, all treated sites in this study. In 1987, 86

C. rossii were transplanted, with a survival rate of 6% after three years (Table 69).

At Elizabeth Lake sites, only one of 62 transplants planted in July, 1987 was alive in

1990. Similarly, at Budd Lake, one of 21 transplants planted in July and August,

1987 was alive in 1990. At Lower Cathedral Lake Site 82, all C. rossii planted in

August 1987 (N = 3) were alive and vigorous in 1990, but were not producing seed.

High mortality of transplants from 1987 at Elizabeth Lake may be due, in part,

to division of collected clumps prior to transplanting (12 clumps were divided to

produce 62 transplants). At Budd Lake, sod mats were not divided prior to

transplanting. High transplant mortality at Budd Lake may be due to time of

transplanting.

In June and July, 1988, 13 undivided transplants, 47 clumps of nursery-

propagated C. rossii, and 7 propagule clumps consisting of a mixture of C. rossii and
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J. parryi were planted in Elizabeth Lake Sites 18 and 20 (Table 70). Survival was

higher than in 1987: eight (62%) of the transplants, 40 (85%) of the nursery-

propagated seedling clumps, and five (71%) of the mixed clumps were alive in 1990

(Table 70). Survival may have been higher in 1988 because transplants were not

divided, and nursery propagules may have been less susceptible to transplant shock

than direct transplants.

Between 1987 and 1990, C. rossii volunteered 20 times (Table 71).

Volunteers occurred 11 times on barren core quadrats, six times on moderately

trampled quadrats, and three times on peripheral quadrats. Six of seven volunteers at

Budd Lake had good vigor, one had fair vigor, and four were producing seed in

1990. The four volunteers at Lower Cathedral Lake Site 39 had good vigor, and

three were producing seed. Lower Cathedral Lake Site 82 had nine volunteers; four

had good vigor, three had fair vigor, two had poor vigor, and two were producing

seed.

Preliminary results indicate that C. rossii is propagated easily by division of

sod mats when divisions overwinter in greenhouses prior to planting in disturbed sites

(NPS 1989).

C. rossir s high transplant survival after planting in 1988 and frequent

volunteer establishment between 1987 and 1990 suggest that it can be incorporated

successfully into revegetation of subalpine Sierra Nevada sites. C. rossii is native to

the study area, but it increases in frequency in disturbed areas and may occur with
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greater frequency today than it has in the past in the study area. Assuming that a

goal of restoration is establishing consistency between vegetation in damaged sites and

adjacent vegetation mosaics, C. rossii is a good candidate for further revegetation

treatments even though its present abundance may not reflect undisturbed conditions.

Carex spectabilis

Carex spectabilis Dewey. [C. invisa Bailey] is a sedge that grows in wet soil

in meadows or on rocky slopes where snow banks linger. It is found in Abies

magnifica (red fir) forests to alpine fell-fields in the Sierra Nevada and Coast Range

of California, north to the Yukon, and east to Montana (Munz and Keck 1973). C.

spectabilis was found on gentle to steep streambanks and wet seeps in a subalpine lake

basin in Kings Canyon National Park, CA (Burke 1982).

In an index of resistance to human trampling developed in the Wenatchee

Mountains (a spur of the Washington Cascade range), C. spectabilis rated 2.57 on a

scale of 1 to 5, with 5 being least sensitive to trampling effects (del Moral 1979). At

Park Creek Pass in the subalpine zone of North Cascades National Park, WA, C.

spectabilis was one of the species most resistant to camping impact, and occurred

frequently on campsites that had been closed for 13 years (Thornburgh 1986).

Seventeen C. spectabilis mats were transplanted into Lower Cathedral Lake

Site 39 in August, 1987 (Table 69). Site 39 is the only study site on which it

occurred. One week after planting, these transplants were the least vigorous of the
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five species transplanted in Site 39, showing wilting and significant browning of

foliage (NPS 1987). In spite of these early signs of transplanting shock, nine (53%)

of the transplants were alive in July, 1990, all showed good vigor, and one was

producing seed (Table 69).

Between 1987 and 1990, C. spectabilis established voluntarily three times;

once on a moderately trampled quadrat on Elizabeth Lake Site 20, and twice on

barren core quadrats on Lower Cathedral Lake Site 39 (Table 71). Two volunteers

had good vigor, one had fair vigor, and they were not producing seed.

Based on its moderate to high resistance to trampling, survivability after

transplanting, and ability to colonize disturbed sites from seed, C. spectabilis appears

to be a strong candidate for revegetating relatively mesic sites.

Carex straminiformis

Carex straminiformis Bailey [C. straminea var. congesta Boott] is a common

sedge found on gravelly slopes from red fir forests to alpine fell-fields in the Sierra

Nevada and Coast Ranges of California, north to Washington and east to Utah and

Montana (Munz and Keck 1973).

Little information is available on the response of this species to trampling or

other disturbance. At Gaylor Lake (approximately 13 km northeast of sites in this

study), C. straminiformis occurred more frequently in areas where soil had been

disturbed by rodents than in undisturbed areas (Klickoff 1965).
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C. straminiformis occurred on sites at Budd Lake only, but was found in

vegetation adjacent to sites at Elizabeth and Lower Cathedral Lakes. Twenty C.

straminiformis mats were planted at Budd Lake in July and August, 1987 (Table 69).

In 1990, four transplants (20%) were alive; one on Site 3 and three on Site 35. One

transplant on Site 35 had good vigor and was producing seed. The three remaining

survivors had poor vigor and were not producing seed. Three C. straminiformis

established voluntarily on barren core quadrats at Budd Lake Site 37 between 1987

and 1990 (Table 71). Two had good vigor, one had fair vigor, and they were not

producing seed.

Preliminary results indicate that C. straminiformis is propagated easily by

division of sod mats when divisions overwinter in greenhouses prior to planting in

disturbed sites (NPS 1989).

Although data are limited, the occurrence of volunteers and previous

observations made at Gaylor Lake (Klickoff 1965) indicate that C. straminiformis may

be suited for Sierra Nevada subalpine revegetation.

Juncus panyi

Juncus parryi Engelm. is a perennial rush that grows in dry rocky places in

montane coniferous forests in the San Bernardino Mountains, and from 1830 m to

3800 m in subalpine forests and alpine fell-fields in the Sierra Nevada. It is found
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north to Siskiyou and Trinity Counties, south to Baja California, and east to the

Rocky Mountains. J. parryi flowers from July to August (Munz and Keck 1973).

J. parryi has tough, wiry, densely bunched leaf stems and blades which make

it relatively resistant to trampling (Cole 1977, del Moral 1979), and it often increases

under disturbed conditions (Cole 1977, Holmes 1979, del Moral 1979, Kellogg 1979).

In an index of resistance to human trampling developed in the Wenatchee Mountains

in Washington, J. parryi rated 3.28 on a scale of 1 to 5, with 5 being least sensitive

to trampling (del Moral 1979).

In the Eagle Cap Wilderness in Oregon, J. parryi was found occasionally

under undisturbed conditions, but was almost always found in campsites (Cole 1977).

In five of seventeen community types studied by Cole, J. parryi increased in

frequency with trampling impact, often becoming the dominant species as soil

compaction increased (Cole 1977). In the subalpine zone of the Bighorn Crags in

eastern Idaho, J. parryi increased in cover and frequency in response to light and

moderate levels of trampling in campsites (Kellogg 1985). Because J. parryi

increases in response to trampling, this species may provide an indicator to signal

when sites should be closed (Kellogg 1985) or use should be reduced in areas such as

wilderness, where the visible impact of human use is to be minimized.

J. parryi occurred on all study sites, with the exception of Budd Lake Site 41.

In 1987, 188 J. parryi transplants were planted in treated sites (Table 69). In 1990,

34 (18%) of these were alive. Only two of the 88 planted at Elizabeth Lake in July,
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1987 were alive in 1990. Fifty-eight J. parryi mats were planted at Budd Lake in

July and August, 1987. Throughout the summer of 1987, these transplants were

vigorous, with green foliage, but only eight (14%) were alive in 1990. The one

survivor on Site 3 had poor vigor and was not producing seed; on Site 35 vigor was

mixed (1 good, 2 fair, 2 poor) and four were producing seed; and on Site 37 two had

good vigor and were producing seed. Forty-two J. parryi mats were transplanted at

Lower Cathedral Lake in August, 1987, and 24 (57%) were alive in 1990. On Site

39, two of the four planted survived, had good vigor and were producing seed. On

Site 82, 22 out of 38 survived. Seven had good vigor and were producing seed, and

one had poor vigor and was not producing seed. Seeding and vigor were documented

for only 10 of the 24 survivors at Lower Cathedral Lake.

High mortality of 1987 transplants at Elizabeth Lake may be due, in large

part, to division of sod mats prior to transplanting (the 88 J. parryi transplants were

subdivisions of 17 sod mats). Transplanting in 1988 was more successful. Fourteen

additional undivided transplants, 58 clumps of nursery-propagated plants, and seven

propagule clumps consisting of a mixture of Juncus parryi and Carex rossii were

planted at Elizabeth Lake in June and July, 1988 (Table 70). In 1990, nine (62%) of

the transplants, 36 (64%) of the nursery-propagated seedling clumps, and five (71%)

of the mixed clumps were alive.

Between 1987 and 1990, J. parryi established voluntarily 12 times (Table 71).

Five volunteers were on barren core quadrats, one was on a moderately trampled
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quadrat and six were on peripheral quadrats. In 1990, six of seven volunteers at

Lower Cathedral Lake had good vigor, one had fair vigor, and all seven were

producing seed. Three of five volunteers at Budd Lake had good vigor, two had fair

vigor and all five were producing seed.

A second Juncus species, J. drummondii, was planted twice on Lower

Cathedral Lake Site 39 in August, 1987, and these transplants remained vigorous

through late September of 1987. In 1990, one of the two was alive, had good vigor

and was producing seed. J. drummondii volunteered twice on Site 39; one on a

barren core quadrat had good vigor and was producing seed, and one on a peripheral

quadrat had fair vigor and was not producing seed.

Preliminary results indicate that J. parryi is propagated easily by division of

sod mats when divisions overwinter in greenhouses prior to planting in disturbed sites

(NPS 1989). Soil Conservation Service attempts to germinate J. parryi seed were

unsuccessful (NPS 1988), while trials conducted at Mt. Ranier National Park have

met with some success (Van Horn 1979).

Successful transplanting of Juncus parryi in 1988 suggests that it can be

incorporated successfully into assisted revegetation of subalpine Sierra Nevada sites.

Relatively frequent volunteer establishment suggests that J. parryi also may contribute

to recovery of vegetation on sites receiving little or no treatment. As with C. rossii,

J. parryi is native to the study area, but increases on disturbed sites and may be more

abundant today than in the past in the study area. Based on the assumption that
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vegetation in closed campsites should resemble adjacent vegetation mosaics, J. parryi

is a good candidate for further revegetation treatments, even though its present

abundance may not reflect undisturbed conditions.

Muhlenbergia filiformis

Muhlenbergia filifonnis (Thurb.) Rydb. [Vilfa depauperata f. Thurb. V.

gracillima Thurb.] is a loosely tufted annual grass with fibrous roots that grows in

open moist places, from 1500 m to 3350 m in the mountains of California, south to

Baja California, and east to South Dakota and New Mexico. In California, M.

filiformis flowers from June through August (Munz and Keck 1973). Although found

on meadows with a range of moisture regimes, M. filiformis had highest cover in

drier meadow sites in Yosemite National Park (Helms and Ratliff 1987).

M. filifonnis is an early successional species (Cole 1977) and an important

colonizer on well-drained sandy soils and mesic sites in the Sierra Nevada (Lemons

1979). With a flexible upright growth form, M. filiformis is relatively resistant to

trampling and tolerant of soil compaction (Cole 1977, Lemons 1979). M. filiformis

increased in cover, frequency and density with increasing soil compaction in the

subalpine zone of the Sierra Nevada (Lemons 1979) and in the Eagle Cap Wilderness

Area in Oregon (Cole 1977).

Between 1987 and 1990, M. filiformis volunteered eight times (Table 71). At

Budd Lake Site 35, two volunteers had good vigor and were producing seed, while
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one had fair vigor and was not producing seed. At Lower Cathedral Lake Site 82 all

five volunteers had good vigor and were producing seed. Six volunteers were on

barren core quadrats and two (at Site 82) were on moderately trampled quadrats.

As an annual colonizer tolerant of a range of soil moisture conditions, M.

filiformis may be important in unassisted vegetation recovery and may be a good

candidate for direct seeding in assisted revegetation projects.

Pinus spp.

Response of members of the genus Pinus are presented collectively. Species

include Pinus contorta ssp. murrayana (Grey. & Balf.) Critchfield. (lodgepole pine);

Pinus albicaulis Engelm. [P. flexilis var. a. Engelm. Alpinus a. Rydb. P. shasta

Carr.] (whitebark pine); Pinus monticola Dougl. [P. strobus var. m. Nutt. P. m. var.

minima Lemmon. Strobus monticola Rydb.] (western white pine); and unidentified

Pinus seedlings. Pinus contorta ssp. murrayana is emphasized because it occurred

most frequently on and adjacent to study sites.

P. contorta ssp. murrayana grows from 1500 3350 m in the southern

Cascades, the Sierra Nevada, and the mountains of southern and Baja California

(Munz and Keck 1973, Critchfield 1980). P. albicaulis grows in dry rocky places

from 2400 3660 m in subalpine forests from Tulare County in the Sierra Nevada

north to Modoc and Siskiyou Counties, to British Columbia and east to Wyoming

(Munz and Keck 1973). P. monticola grows from 600 3000 m in red fir and
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subalpine forests in the Sierra Nevada north to British Columbia, and east to Montana

(Munz and Keck 1973).

Conifer reproduction tends to be seriously reduced on campsites (Dykema

1971, Cole 1977, Kellogg 1985). However, trees are one of the few successful

natural deterrents to camping, and if campsites are to be closed permanently, the

germination, establishment and growth of trees should be a high priority in restoration

objectives.

Although seedling establishment may occur on degraded campsites, survival

beyond the first year may be uncommon. On subalpine campsites in central Idaho,

first-year conifer seedlings occurred, and their abundance seemed to be independent

of soil compaction levels (Kellogg 1985). However, few of the seedlings survived

their first year (Kellogg 1985).

In 1990, 12 first-year Pinus seedlings were present on five different study sites

as a result of volunteer establishment (Table 71). Three volunteers were on barren

core, four were on moderately trampled, and five were on peripheral quadrats. Seven

of the seedlings had good vigor, two had fair vigor and three had poor vigor.

Follow-up monitoring of the success of these seedlings is important to determine

whether or not natural regeneration of conifers can be relied upon in revegetation of

degraded subalpine Sierra Nevada sites.

Lodgepole pine in the Sierra Nevada is a prolific seeder with annual crops of

non-serotinous cones (Critchfield 1980), so seed supply should not be limiting
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establishment. Seedlings are shade-intolerant (Parker 1986) and tend to be restricted

to openings and disturbed sites (Rundel et al. 1988). Western white pine establishes

best on mineral surfaces, and is more tolerant of shade than lodgepole pine (Fowells

1965). Whitebark pine also established best on mineral seedbeds on plots with 25%

to 50% shade (McCaughey and Weaver 1990). The range of shade tolerance of these

three species should result in some establishment of Pinus on campsites.

Seedling mortality in P. contorta ssp. latifolia (Rocky Mountain lodgepole

pine) often is related to high soil surface temperatures, drought, and soils with low

water-holding capacity (Lotan 1964). The most important cause of mortality among

western white pine seedlings is high surface soil temperatures (Fowells 1965). The

southern Sierra Nevada is the southern range limit of western white pine and moisture

limitations related to the summer drought may have significant consequences for its

establishment and growth (Fowells 1965). Whitebark pine seedling mortality was

related primarily to insolation and drought (McCaughey and Weaver 1990). Extreme

drought conditions prevailed in the study area between 1987 and 1990, and the region

is characterized by summer drought even in years with average precipitation.

Therefore, conifer seedling establishment and growth may be strongly influenced by

limited soil moisture, which may be exacerbated on disturbed campsites. Finally, tree

seedlings are easily killed by trampling (Hammitt and Cole 1987) and continued

trampling on unprotected sites is likely to eliminate seedlings that do establish.
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Most California pines are ectomycorrhizal (St. John 1987), and some Pinus

species may form associations with vesicular-arbuscular mycorrhizal fungi (Perry

1992, personal communication). Although campsites in this study area are small and

mature pines growing in adjacent areas provide a source of fungal spores, conifer

seedlings may not be able to form sufficient relationships with the fungi to survive in

the droughty conditions occurring in the study area. In addition, disturbed sites often

harbor populations of microbes that are antagonistic to pre-disturbance mycorrhizal

fungi populations (Perry 1992, personal communication). Thus, the condition and

structure of the populations of rhizosphere organisms on study sites may be hindering

reestablishment of conifers.

In conclusion, natural regeneration of pines on degraded subalpine sites may

be extremely slow, and may require total protection from trampling through

construction of fences. Nursery propagation of trees from locally-collected seed

followed by transplanting and maintenance may be a viable option. Details on the

regeneration requirements, including mycorrhizal relationships, of these conifer

species should be investigated further and attempts should be made to ensure that site

conditions meet those requirements.
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Trisetum spicatum

Trisetum spicatum (L.) Richt. [Aira s. L.] is a perennial grass found in

alpine areas in the mountains of California, north to Alaska and the Arctic, and south

to the Antarctic (Munz and Keck 1973).

T. spicatum is relatively resistant to human trampling, establishes well after

manual seeding, and is a good colonizer. In an index of resistance to human

trampling developed in the Wenatchee Mountains in Washington, T. spicatum rated

3.56 on a scale of 1 to 5, with 5 being least sensitive to trampling effects (del Moral

1979).

Six years following manual seeding, disturbed alpine areas in Rocky Mountain

National Park had "abundant to very abundant" coverage of T. spicatum (Harrington

1946). On roadcut slopes in Rocky Mountain National Park, T. spicatum was one of

the most common colonizing species (Greller 1974).

Trisetum spicatum seed does not have dormancy requirements, and 90% of

seed collected were viable (Sayers and Ward 1966). Seven to 14 days were required

for peak germination (Amen 1966), which occurred at 15 30° C, with germination

percentages ranging from 50 90% (Amen 1966, Sayers and Ward 1966).

Trisetum spicatum occurred on and adjacent to sites at Budd Lake, where

eleven transplants were planted in July and August, 1987 (Table 69). During the

summer of 1987, transplants had good vigor and retained green foliage. By the

summer of 1990, in spite of positive early results, all transplants had died.
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T. spicatum established voluntarily once in a peripheral quadrat on Budd Lake

Site 35 (Table 71). This volunteer was producing seed and had good vigor in 1990.

In 1989, an outbreak of the rust fungus Puccinia brachypodii var. poae-

nemoralis infected Trisetum spicatum propagules stored at a temporary nursery facility

in Tuolumne Meadows in Yosemite National Park (NPS 1989). Infected plants were

disposed of and unaffected plants in the nursery were treated to prevent additional

spread of the fungus. These plants had been collected in the Tuolumne area, and had

overwintered at a Soil Conservation Service facility in the Central Valley at

Lockeford, California. The source of the fungus was unknown.

Transplanting attempts in this study are too limited for robust inference, but

high success in manual and natural seeding in other areas, coupled with its natural

abundance, wide distribution, and resistance to trampling suggest that T. spicatum be

considered for revegetation of degraded subalpine sites with coarse, sandy soils.

Vaccinium nivictum

Vaccinium nivictum Camp. [V. caespitosum Michx.], or Sierra bilberry, is a

short, woody plant that forms extensive clones from rhizomes in wet meadows and

near snow banks (Camp 1942, Munz and Keck 1973). V. nivictum grows from 2130

m 3660 m in lodgepole and subalpine forests and alpine fell-fields in the Sierra

Nevada from Tulare County to Mt. Shasta (Munz and Keck 1973). In 1932, at a site
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near Tuolumne Meadows, V. nivictum was in full bloom on July 6th, a few days

following snow-melt (Camp 1942).

V. nivictum is vulnerable to damage from trampling due to brittle stems, thin,

tender leaves, and weak petioles (Holmes 1979).

Vaccinium nivictum occurred on Elizabeth Lake Site 18 and Lower Cathedral

Lake Site 82 only. Eighteen V. nivictum mats were transplanted on Elizabeth Lake

Site 18 in July 1987, and four mats were transplanted on Lower Cathedral Lake Site

82 in August 1987 (Table 69). By 1990, all transplants were dead. V. nivictum did

not establish voluntarily on treated sites.

Because it is very sensitive to trampling damage, requires relatively moist

conditions, and appears ill-suited for transplanting, V. nivictum may not be a good

candidate for campsite revegetation. Due to its rhizomatous habit, V. nivictum may

invade disturbed sites if the sites can be protected completely from additional

trampling. Seed germination trials should be carried out to investigate its potential

for nursery propagation.
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SUMMARY

The four grasses analyzed in this study are important potential candidates for

subalpine Sierra Nevada revegetation. The volunteer establishment of Agrostis

humilis illustrates the potential for colonization of disturbed sites by rare early seral

species and may reflect the importance of soil seed banks in recolonization. In this

study, and in previous studies in other areas, Muhlenbergia filiformis was a frequent

colonizer of disturbed dry sites. M. filiformis may play an important role in

unassisted vegetation recovery. Direct seeding of this species may be successful on

sites lacking a seed source. Although occurring infrequently as a volunteer (Table

71), Calamagrostis breweri had high transplant survival relative to other species

(Table 69), and very high germination rates in controlled trials, making it a strong

candidate for transplanting, direct seeding or nursery propagation on moist sites.

Trisetum spicatum appears unsuitable for transplanting (Table 69), but it has high seed

viability and germination rates, and colonizes disturbed high elevation sites, and

therefore may be a candidate for direct seeding.

In addition to having high transplant survival rates, Carex rossii and Juncus

parryi occurred relatively frequently as volunteers (Table 71). These species also are

relatively resistant to human trampling. This combination of features suggest that

Carex rossii and Juncus parryi be included in the assemblage of species used in

subalpine Sierra Nevada revegetation efforts.
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In this study, Carex spectabilis and Carex straminiformis had infrequent

volunteer establishment (Table 71). C. spectabilis, although the sample size was

small (N = 17), had a 53% transplant survival rate (Table 69). The suitability of

these species for revegetation requires further study.

Various Carex species often are found in areas undergoing revegetation and

several have been used in plant propagation trials and trampling studies. Carex

species ranged from 2.42 to 3.56 in an index of resistance to human trampling in the

Wenatchee Mountains in Washington, which ranged from one to five, with five being

least sensitive to trampling effects (del Moral 1979). Carex nigricans was

successfully propagated by division in North Cascades National Park (Miller and

Miller 1979). On heavily used sites in North Cascades National Park, Washington,

natural recovery rates in subalpine Carex-dominated vegetation were fairly rapid, with

total cover increasing 8% in four years, from 23 % to 31%. Cover on other Carex

sites increased 60% in 12 years, changing from 40% to 100% cover (Thornburgh

1986).

The available data, and the ubiquitous nature of carices, suggest that they are

strong candidates for many restoration projects and further investigations into their

reproductive biology, growth requirements, and propagation potential are suggested.

Calyptridium umbellatum was a frequent colonizer of disturbed high elevation

sites in this study (Table 71) and elsewhere, and provides another example of a

species with potential in unassisted site recovery. Direct seeding of C. umbellatum
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should be attempted. Vaccinium nivictum appears to be unsuitable for transplanting

(Table 69) and did not volunteer. Reestablishment of V. nivictum on disturbed sites

simply may require time and total protection from further trampling to allow

vegetative spread to occur.

Pinus seedlings are establishing on treated sites (Table 71), but may not persist

because of harsh growing conditions or repeated trampling. Long term monitoring of

Pinus seedling survival on campsites, coupled with total site protection, will be

required to assess accurately the status of tree regeneration on these sites.

Our understanding of Sierra Nevada subalpine ecosystems is very limited.

Sierra Nevada lodgepole pine forests have rarely been studied in detail and the

greatest lack of knowledge may concern vegetation in the subalpine zone (Rundel et

al. 1988). To augment the information presented in this chapter, I recommend: 1)

studies on phenology to determine timing of field emergence and optimal times for

seed collection; 2) determination of seed germination requirements to see if pre-

sowing treatment is required; 3) identification of microbial symbionts associated with

species of interest to establish whether or not sites should be inoculated; and 4)

establishment of long-term monitoring studies to document natural vegetation recovery

rates and patterns.
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CHAPTER 5. CONCLUSIONS AND MANAGEMENT IMPLICATIONS

INTRODUCTION

The areas included in this study are within national park and national

wilderness area boundaries. To manage United States national parks, Congress

directed the National Park Service to "conserve the scenery and historic objects and

the wildlife therein and to provide for the enjoyment of same in such manner and by

such means as will leave them unimpaired for the enjoyment of future generations"

(16 U.S.C. §1, 1916). The Wilderness Act of 1964 established a National Wilderness

Preservation System and stated that areas in the system were to be "administered for

the use and enjoyment of the American people in such manner as will leave them

unimpaired for future use and enjoyment as wilderness" (16 U. S. C. §§1131-1136,

1964). It is clear that Congress has mandated that these areas be maintained in an

unimpaired state. Decades of human use in Elizabeth, Budd and Lower Cathedral

Lake basins have resulted in significant ecological and aesthetic impairment of the

environment.

This situation has arisen because public use, in this case hiking and camping,

is permitted in national parks and wilderness areas, and this type of use alters natural

conditions (Cole 1977, Lucas et al. 1985). Therefore, national park managers must
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decide on acceptable levels of alteration and regulate visitor use to ensure that these

levels are not exceeded.

In areas where natural resources already have been degraded beyond

acceptable levels, restoration of vegetation and soils can mitigate some of the

degradation. However, as with most damaged ecosystems, resource degradation in

this study area is the result of too much or inappropriate use continuing over long

periods of time. Technical solutions such as campsite revegetation, by themselves, do

not solve the problem of resource degradation. They can only buy time until social

solutions, such as use limitations, can be developed and implemented (Geist 1979). If

managers decide that the degree of degradation in an area is unacceptable, complete

recovery will require a combination of revegetation treatments and reductions or

changes in current levels and patterns of use. The social and political decisions

regarding the definition of acceptable levels of degradation should be made before

restoration work begins.
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RESTORATION PLANNING AND IMPLEMENTATION

Successful site restoration requires detailed, site specific planning, because, as

this study illustrates, biotic and abiotic differences among camping areas, and among

campsites within camping areas influence responses. Prior to restoration, scientists

and managers should: 1) define objectives, 2) establish criteria to measure results of

treatments (e.g., what constitutes "success"), 3) evaluate and select revegetation

techniques, and 4) plan for post-treatment site protection and public education. After

treatment, a monitoring program should be established to document results.

Defining Objectives

When defining restoration objectives, it is important to establish desired

outcomes and rates of achievement. For example, Yosemite's subalpine backcountry

campsite revegetation project was designed to restore native vegetation and soils to

conditions resembling adjacent "undisturbed" areas. However, the existing vegetation

in the study area, including the "undisturbed" areas used as models of desired

conditions may not be pristine. Human and stock use over time may have changed

species composition throughout the lake basins. In heavily-used areas, species

composition often shifts in favor of trampling-resistant species such as grasses,

sedges, and rushes (La Page 1967, Chappell et al. 1971, Liddle 1975, Cole 1977,

Frissell 1978, Ranz 1979, Kellogg 1985 and others). It is nearly impossible to
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determine the vegetation composition and structure that would have been present in

the study area without excessive human use. Thus, the more precise objective was to

restore campsite vegetation and soils to conditions resembling adjacent relatively

undisturbed areas. Precise objectives outlined early in the planning phase will

simplify analysis of project success.

Once desired results are identified, the desired rate for achieving these results

should be considered, because desired rates will influence selection of revegetation

treatments. For example, rapid results may be desirable when revegetation is being

done for aesthetic reasons, or for erosion control. On the other hand, if revegetation

is part of a plan to restore and maintain ecosystem structure and function, the rate of

recovery may be less important. Natural recovery of vegetation is often slow

(Willard and Marr 1971, Van Horn 1979, Cole and Ranz 1983), particularly in harsh

environments such as high elevation ecosystems where slow growth of vegetation

results from severe climate and short growing seasons (Willard and Marr 1970, van

Wagtendonk 1986). However, natural recovery may occur if sites can be protected

from further impact, as illustrated by the volunteer establishment in this study.

Establishing Criteria to Measure Results

Criteria should be established to measure the effectiveness of site treatments in

producing desired results and the relative effectiveness of different treatments. In this

study, changes in vegetation cover and species richness, transplant survival rates, and
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volunteer establishment were evaluated. These provided a picture of the vegetation

structure resulting from treatments combined with natural processes occurring during

a drought. Monitoring changes in additional parameters, such as soil bulk density,

nutrient levels, and microorganism populations would permit a more complete

assessment of site recovery.

If project evaluation is to include statistical analysis, careful consideration

should be given to experimental design in the planning phase of restoration. Failure

to consider design aspects can limit the opportunities for, and strength of, statistical

inferences. For example, in this study, the design was not balanced, treatments were

not applied in all possible combinations, and independent variables were confounded

with one another. Thus, statistical inference was possible only for a subset of factors

including lake basin, campsite, impact strata, transplanting and scarification. In

future projects, whether or not plans call for long-term monitoring, careful attention

should be given to experimental design to reserve the option for future monitoring and

statistical analysis.

Evaluating and Selecting Revegetation Techniques

Direct Transplanting

Three years after transplanting, there was little difference in vegetation cover

change or species richness change between planted and unplanted areas (Chapter 2).

This may be due, in part, to the timing of transplanting, which coincided with drought



188

conditions that were unfavorable for transplant survival. The short subalpine growing

season, combined with the drought, may have made detection of significant changes in

vegetation difficult and longer intervals between sampling may be required to detect

differences. However, the lack of differences associated with transplanting also

indicates that the effectiveness of transplanting as a revegetation technique should be

evaluated. Wilderness managers should consider both the economical and

environmental soundness of transplanting. It is expensive and removing plants from

an undisturbed area to repair a disturbed area may not be genetically or ecologically

appropriate. Problems with transplanting include damage resulting from relocation of

plants, and improper selection of species for transplanting which can result in low

survival rates or lack of growth of transplants that do survive.

Transplanting causes damage in the area from which transplants were removed

(Stevens 1979). In Sequoia National Park, five years after removal, the donor holes

left by Carex exserta sod plugs (diameter ca. 5 cm.) had not been reinvaded by

surrounding vegetation (Ratliff 1992, personal communication).

Restorationists may not know which species can survive transplanting and

grow on disturbed sites. In this study, seven out of 15 species transplanted had 100%

mortality (Appendix III). Even if transplants survive, they may fail to spread

vegetatively. Tundra sod transplants were used to restore a road cut along Trail

Ridge Road in Rocky Mountain National Park. Forty years later the sod plugs were

still alive, but had not spread vegetatively to fill in the gaps between plugs (Stevens
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1979). In Sequoia National Park, five years after transplanting, half of Carex exserta

transplants were surviving but had not spread noticeably (Ratliff 1992, personal

communication). Six years after planting, transplants in the Glacier Peak Wilderness

Area in Washington were not producing seed, and were not spreading vegetatively

(Mann and Dull 1979).

Under certain circumstances, transplanting can be an effective revegetation

technique. Transplanting may discourage vegetation composition shifts caused by

disturbance. Avoiding shifts in vegetation composition may be desirable in wilderness

areas where objectives are to maintain vegetation in an undisturbed condition.

Transplanting may reduce invasion of non-native species, or speed recovery of

vegetation on disturbed sites. Transplanting has been more successful than seeding in

revegetation projects in the Pacific Northwest (Cole 1987). In alpine tundra in Rocky

Mountain National Park, transplanting tundra turf was successful in restoring

damaged sites (Stevens 1979).

Nursery Propagation

Nursery propagation of native species from stock plants collected in the study

area is one alternative to direct transplanting. Propagation can be preferable to direct

seeding because of irregular seed production; slow in situ seedling development of

subalpine species; and harsh environmental conditions often found in damaged sites,

including high soil surface temperatures and moisture stress, which discourage



190

seedling establishment (Miller and Miller 1979). However, propagation from stock

plants requires initial collection of the stock which can damage donor sites.

Nursery propagation of native plants using seed collected from plants adjacent to the

restoration site can provide locally-adapted seedlings for revegetation and does not

require removal of sod mats. Propagating trees from native, site-specific seed should

be considered, as tree reproduction in campsites is often severely reduced (Dykema

1971, Hammitt and Cole 1987) and trees are one of the few vegetation growth forms

that prevent site use.

Nursery propagation should be conducted under tightly controlled conditions to

prevent introduction of non-native seed or organisms when propagules are introduced

to the revegetation site. This becomes particularly important if nursery facilities are

far from sites where transplants will be planted. For example, foreign plant diseases

may be introduced into areas undergoing restoration, killing or damaging vegetation.

As part of Yosemite's revegetation program, plants native to Yosemite were divided

and extended at a nursery in California's Central Valley. After the propagules were

returned to Yosemite, three species of grasses and one Carex species experienced an

outbreak of a rust fungus that infected approximately one-third of the nursery stock.

The fungus may have been native to Yosemite and present on the plants before they

were taken out of the park, or it may have been contracted during transport or at the

nursery outside of the park. If the affected individuals had been planted in
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revegetation sites before the fungus was detected, the fungus may have spread to other

plants in the area.

Soil Scarification and Direct Seeding

Scarifying soil, collecting and sowing native seed from the adjacent area, and

establishing a watering regime, if necessary to encourage germination of sown and

naturally occurring seed, is a low impact, relatively low cost revegetation technique

that deserves further investigation. Although vegetative dispersal through rhizomes is

the predominant regeneration method for many high elevation species (Billings and

Mooney 1968), seedlings can contribute substantially to natural plant regeneration in

alpine tundra areas, particularly on disturbed sites (Amen 1966). The two species

occurring most frequently in abandoned trails in the alpine zone of the White

Mountains in New Hampshire had very high seed productivity, and relatively high

germination rates and seed mobility (Marchand and Roach 1980).

Although the limited trials attempted in Yosemite's revegetation program do

not permit analysis of the effectiveness of direct seeding, seeding has been successful

in reestablishing vegetation along roadcuts in the alpine zone of Rocky Mountain

National Park (Harrington 1946). Because environmental conditions influencing

vegetation generally are less severe in subalpine than alpine areas, direct seeding may

be a viable option for revegetation of subalpine sites. The cost of collecting, cleaning

and sowing seeds is small compared to the cost of collecting, propagating and
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replanting transplants. Seed collection does not damage donor sites, but the impact of

collection on native plant populations should be dispersed by collecting small

quantities of seed from several plants surrounding the site rather than from a few

individuals. Also, dispersed collection reduces the risks associated with low genetic

diversity on revegetation sites (Millar and Libby 1989).

Treatments involving soil scarification alone may be effective in reducing soil

compaction and encouraging recruitment from seed rain and the soil seed bank.

Between 1987 and 1990, 112 volunteers established on 71 different quadrats in this

study (see Chapter 3). Of these 71 quadrats, 41 had been scarified or had received

transplants, which caused soil disturbance. This volunteer establishment indicates the

potential for vegetation to recover without transplanting or manually sowing seed.

Three years after soil scarification on campsites in the subalpine zone of the Glacier

Peak Wilderness Area, volunteer establishment was occurring (Mann and Dull 1979).

Ideally, several revegetation treatments, including no treatment except site protection,

should be applied on a trial basis to compare their effectiveness in different

ecosystems.

Protecting the Site and Educating the Public

All recovering sites require strict protection from further trampling, as even

low levels of trampling maintain barren core areas by counteracting natural de-

compacting mechanisms and threatening seedling establishment (Cole 1977, Hartley



193

1979, Stohlgren 1986). The treated site in this study that had the largest increases in

percent cover and species richness, and the most frequent volunteer establishment,

Lower Cathedral Lake Site 82, was the site that received the highest degree of

protection from subsequent trampling (Chapters 2 and 3). Further, the effects of

trampling on recovering vegetation may be more severe when combined with natural

environmental stress. For example, in the study area, August is the peak visitor use

month (van Wagtendonk 1981), and moisture stress often is most extreme in August.

Therefore, site protection during this critical month is essential for recovery.

Keeping users off closed sites in wilderness areas is difficult, as management

strives to be as unobtrusive as possible (Hammitt and Cole 1987). At the very least,

signs should be erected at revegetation sites to explain the reasons for site closure and

to direct visitors to alternative campsites. In some cases, it may be necessary to fence

closed areas to prevent continued use (Hammitt and Cole 1987). In heavily-used

areas in the Sierra Nevada backcountry, managers should consider trial revegetation

projects that incorporate fencing and detailed signs explaining why revegetation has

become necessary. These seemingly obtrusive measures should be considered, for, if

designed carefully, they can be a valuable educational tool.

Education of the hiking public is a key element in backcountry impact

management (Ketch ledge et al. 1985, Hammitt and Cole 1987). Personal experience

shows that park visitors support resource restoration projects, if they understand why

restoration is occurring and how they can help. Visitor contacts with rangers that are
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made when permits are issued will reach overnight users; interpretive walks and talks

will reach a select group of park visitors; but on-site field contacts will be most

influential in ensuring that visitors comply with regulations.
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MANAGING VISITOR USE

Selecting appropriate revegetation techniques, erecting fences, posting signs

and educating wilderness users all contribute to the recovery of degraded vegetation

and soils on closed campsites. However, once fences and signs are removed, the

cycle of degradation will begin again unless visitor use in the restored areas is

reduced or controlled.

Attempts to document backcountry use in Yosemite National Park began in

1972, when a mandatory permit system for overnight use was initiated. Controls on

overnight backcountry use were developed in 1973 and implemented beginning in

1974. This control involved use limits, based on a maximum number of people

permitted per night in designated backcountry zones. In 1977, trailhead quotas were

applied, which restricted the number of overnight users allowed into the backcountry

from individual trailheads. Four years after the trailhead quota system was

implemented, it was concluded that use limits had little effect on total use, but had

shifted use in time (van Wagtendonk 1981). For example, if the quota for a

particular trailhead is full on a given date, a visitor may return at a less popular time

of year. Thus, heavily used areas remain heavily used (van Wagtendonk 1981).

Day hiking usually is not regulated in Yosemite. Day hiking does not cause as

much degradation as overnight use, but the combined effects of campers and

unlimited numbers of day hikers has severely damaged vegetation and soils in the



196

study area. The contribution of day users to resource degradation must be considered

in the developing wilderness management practices.

The volunteer establishment and small increases in cover and species richness

observed in this study indicate that vegetation recovery is possible on degraded sites

at Elizabeth, Budd, and Lower Cathedral Lakes. However, if current patterns and

intensities of use are continued, site recovery may be prevented or delayed.

Additional site protection, enforcement of camping restrictions, and reductions in use

may be necessary.

Elizabeth Lake

This study shows that vegetation can be reestablished on abandoned campsites

at Elizabeth Lake if additional trampling is minimized (Chapters 2 and 3). At

Elizabeth Lake, camping has been prohibited since 1974. Personal observations

indicate that illegal camping occurs infrequently, if it occurs at all. This restriction

on use will enhance recovery of soils and vegetation on closed sites. However, the

lake basin receives high levels of day use, which will cause continued resource

deterioration on and near trails leading to, and around, the lake, and will slow

recovery of closed campsites. If current levels of degradation at Elizabeth Lake are

unacceptable, day use limits should be considered.
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Budd Lake

Although camping is not allowed at Budd Lake, observations of campsites

undergoing revegetation indicate that illegal camping occurs frequently, and this may

be having a negative effect on recovery (Chapters 2 and 3). This problem should be

addressed through increased backcountry patrols, strategic placement of signs telling

visitors that camping is not permitted, and dissemination of this information at

backcountry permit stations. Day use at Budd Lake is low to moderate, and if illegal

camping can be curtailed, abandoned campsites should recover with little or no

further assistance. Sites showing little or no vegetation recovery in this study should

be completely protected, and monitoring of volunteer establishment and spread of

existing vegetation should continue. If unassisted recovery does not occur, further

investigations into site conditions should be conducted to identify the factors that are

preventing recovery.

Lower Cathedral Lake

At Lower Cathedral Lake, several severely degraded campsites have been

closed and vegetation recovery on the two sites monitored in this study, Site 39 and

Site 82, is progressing well (Chapters 2 and 3). Recovery of vegetation and soils on

these sites will continue if erosion on Site 39 and repeated trampling on both sites can

be prevented. Full protection from trampling may require erecting several signs at

each site, as multiple trails lead into or through many of the sites undergoing
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restoration in this heavily-used lake basin. Recovery of protected sites will be

temporary, however, and will persist only until signs are removed. Further, if the

number of legal campsites at Lower Cathedral Lake is reduced without corresponding

adjustments in entry quotas, visitors may establish new sites in previously undisturbed

areas. This shifting of use occurred in the Selway-Bitterroot Wilderness in Montana,

where seven of fifteen sites in one lake basin were closed because of site

deterioration. Within four years, seven new sites had been established in previously

undisturbed areas, and the new sites had experienced a 75 % loss of vegetative cover

(Cole and Ranz 1983). In summary, the degradation that accompanies heavy use

cannot be reduced without reducing use, including day and/or overnight use.

The most obvious way to minimize alteration from camping, while still

allowing camping, is to concentrate use at a few sites in popular camping areas

(LePage 1967, Cole and Marion 1985). This way, smaller areas are sacrificed. One

option that may be suitable for Lower Cathedral Lake involves the use of officially

designated sites. However, managers cannot designate sites and expect visitors to

keep off closed sites if the number of parties exceeds the number of designated sites.

Thus, if designated sites are adopted as a management strategy, corresponding

reductions in trailhead entry quotas will be required.

Restoration has been identified as "a considerable intellectual challenge

requiring that we understand not only the nature of the ecosystem itself, but also the

nature of the damage and how to repair it" (Bradshaw 1987). The development of
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this understanding of the damaged ecosystems and the nature and causes of the

damage can occur simultaneously with experiments designed to identify techniques for

repairing the damage. However, when our knowledge of the system itself, and of the

recovery process are poorly understood, doing something might prove more harmful

to the ecosystem than doing nothing (Cairns 1986).

Therefore, I propose that we be cautious in our restoration efforts, and attempt

to understand the natural recovery process first. Only then will we know what, if

anything, should be done to assist the process.
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Appendix I. Mean annual precipitation (mm) at Ellery Lake, California (2890 m)
from 1961 1990.

YEAR PPT. YEAR PPT. YEAR PPT.

1961 441.7 1971 662.4 1981 716.8

1962 550.7 1972 410.2 1982 1178.6

1963 867.4 1973 736.1 1983 1239.5

1964 779.3 1974 518.7 1984 645.2

1965 603.0 1975 628.9 1985 537.5

1966 471.7 1976 326.6 1986 636.0

1967 685.0 1977 531.4 1987 517.6

1968 532.9 1978 687.3 1988 505.5

1969 723.9 1979 702.1 1989 480.1

1970 683.8 1980 754.4 1990 390.1
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Appendix III. Summary of transplanting results: survival rates by site and species (NP
= number planted; NS = number surviving; PS = percent surviving);
status of transplants in 1990 by species; and mapped locations of
transplants by site and species from 1987 (and 1988 at Elizabeth Lake)
and 1990.

SPECIES

SITE 18 SITE 20

NP NS PS NP NS PS

Antennaria corymbosa 0 0 0 1 0 0.0%

Calamagrostis breweri 71 0 0.0% 16 0 0.0%

Carex rossii 23 1 4.3% 39 1 2.6%

Juncus parryi 31 2 6.5% 57 0 0.0%

Vaccinium nivictum 162 0 0.0% 0 0 0

Total 77 3 3.9% 113 1 0.8%

1 3 were mixed with V. nivictum
2 2 were mixed with C. breweri

SITE 18 SITE 20

NP NS PS NP NS PS

SPECIES

Carex rossii (propagules)1 26 24 92.3% 21 16 76.2%

Juncus parryi (propagules) 29 25 86.2% 29 11 37.9%

Total (propagules) 55 49 89.1% 50 27 54.0%

Carex rossii (transplants) 9 7 77.8% 4 1 25.0%

Juncus parryi (transplants) 6 4 66.7% 8 5 62.5%

Juncus parryi/Carex rossii
(mixed transplants) 0 0 0 7 5 71.4%

Total (transplants) 15 11 73.3% 19 11 57.9%
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ELIZABETH LAKE TOTALS

1987

Planted: 190
Survived: 4
Percent survival: 2.11%

1988

Transplants
Planted: 34
Survived: 22
Percent survival: 64.7%

Propagules
Planted: 105
Survived: 76
Percent survival: 72.4%

BUDD LAKE

SPECIES

SITE 3 SITE 35

NP NS PS NP NS PS

Carex rossii 7 1 14.3% 6 0 0.0%

Carex straminiformis 3 1 33.3% 14 3 21.4%

Eriogonum sp. 1 0 0.0% 0 0 0

Juncus panyi 7 1 14.3% 11 5 45.5%

Lupinus covillei 2 0 0.0% 0 0 0

Poa nervosa 3 1 33.3% 4 2 50.0%

Trisetum spicatum 3 0 0.0% 1 0 0.0%

Total 26 4 15.4% 36 10 27.8%
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BUDD LAKE (continued)

SPECIES

SITE 37 SITE 41

NP NS PS NP NS PS

Carex rossii 1 0 0.0% 7 0 0.0%

Carex straminiformis 1 0 0.0% 2 0 0.0%

Juncus parryi 31 2 6.5% 9 0 0.0%

Luzula divaricata 2 0 0.0% 0 0 0

Poa hanseni 6 1 16.7% 0 0 0

Trisetum spicatum 1 0 0.0% 6 0 0.0%

Total 42 3 7.1% 24 0 0.0%

BUDD LAKE TOTALS

Planted: 128
Survived: 17
Percent survival: 13.3%
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LOWER CATHEDRAL LAKE

SITE 39 SITE 82

NP NS PS NP NS PS

SPECIES

Calamagrostis breweri 9 3 33.3% 25 20 80.0%

Carex rossii 0 0 0 3 3 100.0%

Carex spectabilis 17 9 52.9% 0 0 0

Juncus drummondii 2 1 50.0% 0 0 0

Juncus parryi 4 2 50.0% 38 22 57.9%

Oryzopsis kingii 2 0 0.0% 0 0 0

Vaccinium nivictum 0 0 0 3 0 0.0%

Total 34 15 44.1% 69 45 65.2%

LOWER CATHEDRAL LAKE TOTALS

Planted: 103
Survived: 60
Percent survival: 58.3%

TOTAL ALL AREAS (1987) 421 81 19.2%
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Status of transplants in 1990 by lake basin, campsites, impact strata and species.

ELIZABETH LAKE SITE 18: 1987 PLANTINGS

QUADRAT SPECIES STRATUM STATUS

6C Carex rossii (2) BC dead
6C Juncus parryi BC dead
6D Carex rossii (3) BC dead
6D Elul* parryi (2) BC dead
7D Carex rossii BC dead
7D Juncus parryi (3) BC dead
1G Carex rossii MT dead
1G Juncus parryi (2) MT dead
21 Calamagrostis breweri/

Vaccinium nivictum MT dead
3G Carex rossii MT dead
4G Juncus parryi MT dead
4G Vaccinium nivictum MT dead
5F Vaccinium nivictum MT dead
6G Juncus parryi MT dead
6G Vaccinium nivictum MT dead
7F Carex rossii MT dead
lE Carex rossii P dead
4C Carex rossii P dead
10E Vaccinium nivictum P dead

There is one Carex rossii surviving in 6F.



ELIZABETH LAKE SITE 18: 1988 PLANTINGS

QUADRAT SPECIES

6C Carex rossii (1 pr.)
6D Juncus parryi (3 pr.)
7D Carex rossii (2 pr.)
1G Juncus parryi (1 pr.)
21 Juncus parryi (1 tr.)
3G Carex rossii (1 tr.)
3G Juncus parryi (1 pr.)
4G Carex rossii (2 pr.)
SF Carex rossii (1 pr.)
6G Carex rossii (1 pr.)
6G Juncus parryi (1 pr.)
7F Carex rossii (1 pr.)
7F Juncus parryi (1 pr.)
8C Juncus parryi (1 pr.)
9C Carex rossii (1 pr.)
9C Carex rossii (1 tr.)

STRATUM

BC
BC
BC
MT
MT
MT
MT
MT
MT
MT
MT
MT
MT
MT
MT
MT

STATUS

seeding, good vigor
seeding, good vigor
seeding, good vigor
seeding, good vigor
seeding, good vigor
not seeding, good vigor
seeding, good vigor
seeding, good vigor
seeding, good vigor
seeding, good vigor
seeding, good vigor
seeding, good vigor
seeding, good vigor
seeding, good vigor
seeding, good vigor
seeding, good vigor
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Additional Carex rossii and Juncus parryi planted in 1988 were surviving in 1990 on
the following quadrats: 1F,H,I; 2H; 3I,J; 4B,H; 5A,B,C,D,G,H,I,J; 6A,B,E,F,I;
7A,C,E,G; 8D,E,F; 9E,F
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ELIZABETH LAKE SITE 20: 1987 PLANTINGS

QUADRAT SPECIES STRATUM STATUS

3E Carex rossii (2) BC dead
6J C rex rossii BC dead
6J Juncus parryi (2) BC dead
7J Juncus parryi BC dead
8F Carex rossii BC dead
8F utci.ts parryi (3) BC dead
8G Carex rossii (2) BC dead
8G Juncus parryi (3) BC dead
1A Juncus parryi MT dead
1E Juncus parryi MT dead
1F Juncus parryi MT dead
1F Carex rossii MT dead
3C Juncus parryi (3) MT dead
4C Carex rossii (2) MT dead
4C Juncus parryi MT dead
4E Carex rossii MT dead
4E Juncus parryi MT dead
5D Juncus parryi (2) MT dead
6E Carex rossii (2) MT dead
6E Juncus parryi (2) MT dead
8D Juncus parryi MT dead
6A Calamagrostis breweri P dead
9A Calamagyostis breweri P dead



ELIZABETH LAKE SITE 20: 1988 PLANTINGS

QUADRAT SPECIES

3E Carex rossii (1 pr.)
3E Carex rossii/

Juncus parryi (2 pr.)
7J Carex rossii (1 tr.)
8G Carex rossii (1 pr.)
8G Juncus parryi (1 tr.)
1F Juncus parryi (1 pr.)
3C Juncus parryi (1 tr.)
3C Juncus parryi (1 pr.)
4C Carex rossii (1 pr.)
4C Juncus parryi (2 pr.)
4C Juncus parryi (1 pr.)
4E Carex rossii (1 pr.)
4E Juncus parryi (2 pr.)
5D Carex rossii (2 tr.)
5D Juncus parryi (1 pr.)
6E Carex rossii (1 pr.)
8D Carex rossii (1 pr.)

STRATUM

BC

BC
BC
BC
BC
MT
MT
MT
MT
MT
MT
MT
MT
MT
MT
MT
MT

STATUS

dead

dead
dead
seeding, good vigor
seeding, good vigor
dead
seeding, good vigor
dead
seeding, good vigor
seeding, good vigor
dead
not seeding, good vigor
dead
dead
seeding, good vigor
not seeding, good vigor
not seeding, good vigor
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Additional Carex rossii and Juncus parryi planted in 1988 were surviving in 1990 on
the following quadrats: 1D; 2B,C,D,E; 3A,B,D; 4A,B,C; 5A,E; 6C; 7C,D,F,G;
8/9E
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BUDD LAKE SITE 3

OUADRAT SPECIES STRATUM STATUS

3E Carex rossii BC dead
3F Trisetum spicatum BC dead
3G Trisetum spicatum BC dead
4E Carex rossii BC dead
4G Carex straminiformis BC not seeding, poor vigor
6E Poa nervosa BC not seeding, fair vigor
3J Juncus parryi MT dead
3J Lupinus covillii MT dead
8A Juncus parryi MT dead
21 Carex straminiformis PC dead
6B Juncus parryi PC dead

There was 1 Carex rossii and 1 Juncus parryi surviving in unsampled quadrats (7B,
7C).

BUDD LAKE SITE 35

QUADRAT SPECIES STRATUM STATUS

2G Juncus parryi BC dead
3F Carex rossii BC dead
3F Carex straminiformis BC dead
3F Juncus parryi BC dead
3G Carex rossii BC dead
4B Carex rossii BC dead
4B Carex straminiformis BC seeding, good vigor
511 Carex rossii BC dead
8D Poa nervosa BC dead

There were 5 Juncus parryi, 2 Poa nervosa, and 2 additional Carex straminiformis
surviving in unsampled quadrats (3C, 9C, 3D, 6D, 7E, 8E, 10A, 4C).



BUDD LAKE SITE 37
QUADRAT SPECIES STRATUM STATUS
4D Juncus parryi BC dead
4E Juncus parryi BC dead
4F Juncus parryi BC dead
4G Carex straminiformis BC dead
4G Juncus parryi BC dead
4G Poa nervosa BC dead
5D Juncus parryi BC dead
5D Luzula divaricata BC dead
5D Poa nervosa BC dead
5E Juncus parryi BC dead
5F Juncus parryi BC dead
5F Trisetum spicatum BC dead
5G Carex rossii BC dead
5G Lung parryi BC dead
5G Trisetum spicatum BC dead
6F Poa nervosa BC dead
6G Juncus parryi BC dead
5H Juncus parryi MT dead
6J Juncus parryi MT dead
9F Juncus parryi MT dead
1OF Juncus parryi MT dead

There were 2 surviving Juncus, parryi and
8E).

BUDD LAKE SITE 41
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1 Poa hanseni in unsampled quadrats (7J,

QUADRAT SPECIES STRATUM STATUS
2E Juncus parryi BC dead
2F Juncus parryi BC dead
2F Eriogonum sp. BC dead
3C Juncus parryi BC dead
3D Juncus parryi BC dead
3E Juncus parryi BC dead
4D Carex rossii BC dead
5C Carex rossii BC dead
5D Carex rossii BC dead
5D Juncus parryi BC dead
3H Carex rossii MT dead
4F Juncus parryi MT dead
5H Carex rossii MT dead



LOWER CATHEDRAL LAKE SITE 39

OUADRAT SPECIES

4E Carex spectabilis
4F Carex spectabilis
5C Calamagrostis breweri
6G Calamagrostis breweri
6G Carex spectabilis
7D Calamagrostis breweri
71 Juncus parryi

STRATUM

BC
BC
BC
BC
BC
BC
BC

STATUS

not seeding, good vigor
not seeding, good vigor
dead
dead
not seeding, fair vigor
dead
seeding, good vigor

227

There were 3 Calamagrostis breweri, 6 Carex spectabilis, 1 Juncus drummondii, and
1 Juncus parryi surviving in unsampled quadrats (6F, 5G, 8G, 3A, 6E, 5F, 1H, 5H,
8J, 61).

LOWER CATHEDRAL LAKE SITE 82

OUADRAT SPECIES

3F Calamagrostis breweri
3F Carex rossii
3F Juncus parryi
4E Calamagrostis breweri
4E Carex rossii
5D Calamagrostis breweri
5F Calamagrostis breweri
5F Juncus parryi
6C Juncus parryi
7F Juncus parryi
71 Calamagrostis breweri
9D Juncus parryi
9F Juncus parryi
5B Vaccinium nivictum
6B Juncus parryi

STRATUM STATUS

BC
BC
BC
BC
BC
BC
BC
BC
BC
BC
BC
BC
BC
MT
MT

seeding, good vigor
not seeding, good vigor
seeding, good vigor
seeding, good vigor
not seeding, good vigor
not seeding, good vigor
not seeding, good vigor
dead
not seeding, poor vigor
seeding, good vigor
dead
dead
dead
dead
seeding, good vigor

There were 16 Calamagrostis breweri, 1 Carex rossii, and 18 Juncus parryi surviving
on unsampled quadrats (4C, 4D, 3E, 5E, 4F, 4G, 7H, 31, 51, 5J, 8E, 9E, 7D, 8G,
9G, 4H).
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Appendix IV. Number
BL = Budd

of volunteers by site and species: EL = Elizabeth Lake;
Lake; LCL = Lower Cathedral Lake.

EL EL BL BL BL BL LCL LCL
18 20 3 35 37 41 39 82

Agrostis humilis 0 0 0 0 0 0 0 3

Antennaria corymbosa 0 0 0 0 0 0 0 2

Calamagrostis breweri 0 0 0 0 0 0 1 2

Calyptridium umbellatum 0 0 7 2 2 0 0 1

Carex microptera 0 0 0 0 0 0 0 1

Carex rossii 0 0 2 0 1 4 4 9

Carex spectabilis 0 1 0 0 0 0 2 0

Carex straminifonnis 0 0 0 0 3 0 0 0

Juncus drummondii 0 0 0 0 0 0 2 0

Juncus parryi 0 0 4 1 0 0 1 6

Juncus sp. 0 0 0 0 0 0 0 1

Lupinus lyallii 0 1 5 0 1 0 0 0

Luzula divaricata 0 0 0 3 0 0 0 0

Muhlenbergia filifonnis 0 0 0 3 0 0 0 5

Penstemon rydbergii 0 0 0 0 0 0 0 1

Phlox sp. 0 0 0 0 0 0 0 2

Pinus albicaulis 0 0 0 0 0 2 0 0

Pinus contorta 0 1 2 0 0 0 2 4

Pinus sp. 0 0 1 0 0 0 0 0

Poa fendleriana 0 0 0 0 0 0 0 2

Poa nervosa 1 0 0 1 0 0 0 0

Poa sp. 0 1 0 0 0 0 0 0



247

Appendix IV. (continued) Number of volunteers by site and species: EL = Elizabeth
Lake; BL = Budd Lake; LCL = Lower Cathedral Lake.

EL
18

EL
20

BL
3

BL
35

BL
37

BL
41

LCL
39

LCL
82

Polygonum bistortoides 0 0 0 0 0 0 1 0

Streptanthus sp. 0 0 0 1 0 0 0 0

Trisetum spicatum 0 0 0 1 0 0 0 0

unknowns 0 1 0 0 1 0 1 6

TOTALS 1 5 21 12 8 6 14 45
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Appendix V. Checklists of species by site: species present in 1987, species planted,
species establishing voluntarily, and species present in 1990.

ELIZABETH LAKE SITE 18

SPECIES 1987 PLANTED VOLUNTEER 1990

Calamagrostis breweri X

Carex rossii X X

Juncus pariyi X X

Phyllodoce breweri X

Pinus contorta X

Pinus monticola X

Poa nervosa

Vaccinium nivictum X X

X
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ELIZABETH LAKE SITE 20

SPECIES 1987 PLANTED VOLUNTEER 1990

Antennaria corymbosa X

Calamagrostis breweri X

Calyptridium umbellatum X

Carex rossii X X X

Carex spectabilis X X

Juncus parryi X X X

Lupinus lyallii X X X

Pinus contorta X X X

Poa sp. X X

unknown moss X X
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BUDD LAKE SITE 3

SPECIES 1987 PLANTED VOLUNTEER 1990

Calyptridium umbellatum X X X

Carex rossii X X X X

Carex straminiformis X X

Eriogonum sp. X X X

Juncus parryi X X X X

Lupinus covillei X X X

Lupinus lyallii X X X

Pinus albicaulis X X

Pinus contorta X X X

Pinus sp. X X

Poa nervosa X

Trisetum spicatum X
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BUDD LAKE SITE 35

SPECIES 1987 PLANTED VOLUNTEER 1990

Calyptridium umbellatum X X X

Carex rossii X X X

Carex straminiformis X X X

Juncus parryi X X X X

Lupinus lyallii X X

Luzula divaricata X X

Montia sp. X X

Muhlenbergia filiformis X X X

Phlox sp. X

Poa nervosa X X X

Streptanthus sp. X X X

Trisetum spicatum X X X X
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BUDD LAKE SITE 37

SPECIES 1987 PLANTED VOLUNTEER 1990

Antennaria corymbosa X X X

Calyptridium umbellatum X X X

Carex rossii X X X X

Carex straminiformis X X X

Eriogonum sp. X

Juncus parryi X X X

Lupinus lyallii X X X

Luzula divaricata X X X

Penstemon rydbergii X

Poa hanseni X

Poa nervosa X X

Trisetum spicatum X X

Tsuga mertensiana X X

unknown grass X X X

unknown lichen X X

unknown moss X X
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BUDD LAKE SITE 41

SPECIES 1987 PLANTED VOLUNTEER 1990

Carex rossii X X X X

Carex straminiformis X

Eriogonum sp. X

Juncus panyi X

Pinus albicaulis X X X

Trisetum spicatum X
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LOWER CATHEDRAL LAKE SITE 39

SPECIES 1987 PLANTED VOLUNTEER 1990

Calamagrostis breweri X X X X

Carex heteroneura X X

Carex rossii X X X

Carex spectabilis X X X X

Juncus drummondii X X X X

Juncus parryi X X X X

Lupinus covillei X X

Muhlenbergia filiformis X X

Chyzopsis kingii X X X

Pinus contorta X X X

Polygonum bistortoides X X X

Stipa sp. X X

unknown herb X X
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LOWER CATHEDRAL LAKE SITE 82

SPECIES 1987 PLANTED VOLUNTEER 1990

Agrostis humilis X X

Antennaria corymbosa X X X

Calamagrostis breweri X X X X

Calyptridium umbellatum X X X

Carex microptera X X X

Carex rossii X X X X

Juncus parryi X X X X

Juncus sp. X X

Muhlenbergia filiformis X X X

Penstemon tydbergii X X X

Phlox sp. X X

Pinus contorta X X X

Poa fendleriana X X

unknown moss X X X

Vaccinium nivictum X X X


