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Today the creek winds down through the bottom of the
small valley on its easy way to the Little Applegate. Cat-
tle graze on the flats above the company workings and west
of the old town. A number of houses are to be found along
the creek, most of which are only summer residences. There
are few year around residents of Sterling Creek. These few
have nothing to do with mining.

Willows and other brush are growing up now to cover
the scars of a century of placer mining. They only hide the
scars, they don't heal them. No Tland ever recovers from
placer mining on a large scale. Even so, when you stand
today in the old cemetery above Sterlingville and look out
over the small valley, it isn't hard to visualize the scene
that greeted Jim Sterling's eyes in 1854.

--Francis D. Haines, Jr.,
Gold on Sterling Creek, A
Century of Placer Mining







REVEGETATION OF GOLD PLACER MINING SPOILS, i _
STERLING CREEK, OREGON

ABSTRACT: Tree and shrub revegetétion on mining spoils of an abandoned
gold placer mine at Sterling Creek, Jackson County, Oregon were examined.
Point—centeréd quarter and line-intercept methods of vegetation analysis
were used to compile species lists and determine species density, fre-
guency, mean basal area and dominance. A relation exists between the -
age and physical characteristics of the spoils and the above vegetation
characteristics. Post herbaceous stages of plant succession were 1den-
tified at the study site, and general characteristics of the succe§siona1

trend determined.

INTRODUCTION

Ster]ing Creek is a tributary of the L1tt1é App]égate‘River within
the Rogue River drainage located at section 33, T. 38 S., R. 2 W. in
Jackson County, Oregon (Fig. 1). The creek and its channel are now-'
owned by the Double D Lumber Company of Medtord, Oregon. The Rogque .
River National Forest and private land border all sides of the property.
The creek is approximately 7 mi. (11 km) long, disappearing below tail-
ing deposits for 2.5'm1. (4 km) of the total length. The elevation at
the source of Sterling Creek is 3,000 ft. (915 m), sloping to an ele-

vation of 1,850 ft. (564 m) at the mouth near the old, abandoned mining

town of Buncom.
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Fig. 1. Study site location, Sterling Creek, Oregon




Gold mining for the rich placer deposits lasted from 1854 until
1959.] The creek was diverted; dammed and filled with sediments. The
environment sdrrounding Sterling Creek over this period was heavily
disturbed with a loss of plant and animal life. What remained when the
mining ceased, was a deep, wide channel filled with rocks, boulders and
other debris created by the mining operations. The vegetation had been
stripped from the landscape during mining operations to provide building
materials for the flumes and sluice boxes, and to prevent c]ogging and
destruction of the equipment. To date, the only vegetation present in
and around the creek is that which has returned naturally through suc-
cessional processes.

The purpose of this study is to assess the extent of the shrub and
tree revegetation which has taken p]ace.since the cessation of gold
mining activities on Sterling Creek. Vegetational characteristics of
the area have been examined with respect to the age and nature of the
tailings. From these data, successional trends may be discovered which
may aid fn the future revegetation and reclamation of this, and simi-

larly-created sites.
PLACER MINING ON STERLING CREEK

Sterling Creek was named after James Sterling, a local farmer, who

discovered gold in the creek in 1854 near its junction with Hopkins

2

Gulch (Fig. 2).® The discovery was disclosed mysteriously, and within

several days, claims had been staked the 1éngth of the creek beTow
Dutch Gulch. The gold was in the form of rich creek and bench placers,

3

and was easily recovered by the current placer mining methods.” As the

surface placers diminished, the miners were forced to excavate deeper

to recover the precious metal.
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Hydraulic mining was introduced in 1876 enabling miners to strip
large quantitieé of overburden to reach the gold-bearing grave]s'.4 By
1914, with the aid of the hydraulic, apprdximate]y $3,000,000 in gold
had been recovered, and the Sterling Creek mine was acknowledged the
largest placer mine in Oregon.5 Hydraulic mining continued on Sterling
Creek until 1959, and with the exception of the majority of land located

above Dutch Gulch, no place along Sterling Creek had been left untouched

by the placer miners.6
THREE REGIONS OF STERLING CREEK

For the purpose of this study, Sterling Creek can be divided into
three regions. The divisions between these regions are based upon his-
torical data of the type of mining activity employed within each region,

and the dates of this activity.7

Lower Sterling Creek

Lower Sterling Creek is that portion of the creek south of Deming
Gulch (Fig. 2). At the time of the discovery of gold, there was an In-
dian village located at the mouth of Sterling Creek. Fewer claims were
staked along this portion of the creek since the miners were afraid the
Indians might attack. It was not until the completion of the Gallagher
Ditch in 1860 that mining began to flourish on a year-round basis on
Tower Sterling Creek.8 In 1861 and again in 1864, floods swept through
the channel, burying mining equipment and gold under thick 1ayFrs of
mud and rock washed downstream from the mines operating upstream;9 De-
spite these disaéters, mining activities resumed as soon as the flood

waters had diminished. Placer mining continued on a re]étive]y small




scale until 1876. Attempts were made to mine hydraulically, but this

proved uneconomical. The individual claims on Tower Sterling Creek

were abandoned.]O

Middle Sterling Creek

The middle portion of Sterling Creek, located between Deming Gulch
and Dutch Gulch, experienced the most extensive mining of the three re-
gions (Fig. 2). The town of Sterlingville was established in 1854 on
the west side of the creek while the miners worked claims on the east
side. Between 1854 and 1856 the majority of c]aimsvwere worked by indi-
vidual miners using gold pans, picks, shovels, and sluice boxes.]] As
the surface placers began to disappear in 1856, the miners began to dig
shafts down to bedrock. This method of mining lasted unti 1876, when
the hydraulic was introduced and the individual claims were consolidated
into one claim owned by the Sterling Mining Company.T2

Widespread use of the hydraulic on Sterling Creek was 1limited by
water availability. It was not until July, 1877 that the water shortage
problem was alleviated by construction of the Sterling Ditch. The ditch

13 and constructed to carry 75

was designed to be 23 mi. (37 km) Tong,
cubic feet per second (cfs) (2.1 m3/s)]4 of water from the Little Apple-
gate River to a holding reservoir at Sterling Creek. The construction
of flumes along portions of the ditch created a demand for lumber. As a
result, a Tumber mill was built in Sterlingville in August, 1877 which

15 The

processed local lumber at a rate of 13,000 board feet per day .
ditch was completed by mid-November, 1877, and two hydraulics W1th 8-
inch (20 cm) nozzles were installed. In 1880 a third hydraulic was in-

stalled, and the size of the mining operations and resulting yields of



placer gold were significantly increased. The winter of 1889-1890 was
severe, and flooding resulted on Sterling Creek covering the hydraulics,

16 The following year two

the sluice boxes, and the unrecovered gold.
new hydraulics with 6-inch (15 cm) nozzles were installed and began
operating.

As the miners continually worked upstream, the original ditch had
to be extended until a final length of 26.5 mi. (42.6 km) was reached.
At this point, sufficient head could no longer be created to power thé

17 141913 a high-pres-

hydraulics, and mining operations were curtailed.
suré pump was obtained and installed at the creek. Hydraulic mining
began anew and lasted until 1919,‘when large-scale operations ceased

and the Tand was leased to single operators. Mining continued on a

small scale until the Great Depression of the 1930's. At this time min-
ers flocked to the creek and began placer mining fdr any gold which still
remained.

Hydraulic mining operations resumed on a large scale in 1935, con-
tinuing to move upstream along the ancient channel as far as technically
- and economically possible. Above this point, earth-moving equipment
was utilized to strip-off the overburden and carry it downstream to a
location where it could be dumped and washed through the sluices. Mining
continued in this manner until 1937, when the mine was finally shut down.
Between 1937 and 1959, one man leased the 1aﬁd from Sterling Mines, Inc.,

and continued hydraulic mining in areas not previously exploited by the

larger operations. By 1959 mining had ceased on the 2,000 acres (809 ha)

of Sterling Creek and the surrounding ar~ea.]8




Upper Sterling Creek

Upper Sterling Creek is located between Dutch Gulch and the Source
of Ster]ing Creek (Fig. 2). Placer mining did not occur on the majority
of this ‘land. A dike crossed the creek near Dutch Gulch and few rich
placer deposits were located above this. Farming and ranching were
practiced on this portion of the creek throughout the gold mining days
with only a few exceptions. Several shafts were constructed near Dutch
Gulch between 1854 and 1935. When the earth-moving equipment was used
between 1935 and 1937, an attempt was made to recover some of the gold
in the overburden. The method of recovery was uneconomical, however,
and mining operations did not proceed further north of the Dutch Gulch

vicinity.
HYDRAULIC MINING METHOD

P1acer mining was practiced at Ster]jng Creek over a span of approxi-
mately 100vyears. The adverse effects upon the physical environment and
vegetation destruction were not great until widéspread use of the hydrau-
lic began in 1877.

The first step in the establishment of the hydraulic mine on Ster-
‘Ting Creek was the removal of the vegetation in and around the areas
chosen for hydraulic excavation. The timber was used for the construc-
tion of the flumes, sluice boxes, and reservoirs. The remaining vege-
tation and stumps were removed by bur‘ning.]9 Removal of vegetation not
only supplied Tumber, but also prevented accidents and the c]obging of
the sluice boxes. '

The hydraulics were operated working upstream to excavate each side

of the channel. A continuous jet of water under high pressure was forced




through one or several nozzles of various diameters and aimed at the base
of the bank. The water would undercuf the bank, causing the entire bank
to cave into the pit created at the base. Blasting powder and dynamité
were used on occassion at Sterling Creek to break up the conglomerate

20 The gravel in the pit was

which the hydraulic could not dis1odgé.
further broken-up by the hydraulic spray, and washed into a sluice box
where the gold would be caught by riffles in the sluice box. The re-

maining tailings issuing from the sluice box were deposited in immense

heaps directly in the channe].21

PHYSTICAL ENVIRONMENT CREATED BY HYDRAULIC MINING

The physical environment resulting from hydraulic mining on Ster-
ling Creek is considerabTy different from that previously characteris-
tic of the site. Revegetation has been primarily effected by the ﬁature
and size of the spoil piles, the bank structure and stability, the soil

and nutrients available, and the water Supp]y.

Spoil Piles

Hydraulic mining occured over a length of 4 mi. (6 km) of a 7 mi.
(11 km) reach of Sterling Creek. The average thickness of the gravel
mined was a ribbon 40 ft. (12 m) wide and 200-400 ft. (61-122 m) long,

1.22 The debris and tailings produced from

following the ancient channe
" the extensive mining operations were haphazardly deposited in heaps
downstream in the previously-worked channel. v [

The largest concentration of spoil piles occurs in the middle por-

* tion of the creek. The piles are approximately 120 ft. (37 m) wide

with a maximum height of approximately 30 ft. (9 m). These spoil piles
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are composed of unconsolidated, coarse materials ranging in size from

angular gravels to boulders of andesite and quartz.23

At one location
within this portion of the creek, a rock crushing operation is now oper-
ating during the winter months. As a result of this operation, there
are several uniform piles of rocks which have been produced from the
.crusher, along with a large pile of material which has been bulldozed
and is waiting to be crushed.

" There are few large, exposed spoil piles in the upper and lower
portions of the creek. The upper portion has a few mounds of debris
created from test borings taken in the 1940's and 1950's. These piles
consist mainly of dirt and gravel. In the lower portion of the creek,
the individual piles have been leveled by flooding and erosion. The
appearance of the heaps in the lower portion resembles a broad, unduTa-

ting deposit of andesite and quartz gravels and boulders filling the

channel between the bénks.'

Channel Banks

Channel banks undercut during mining operations, ére relatively un-
stable in many locations along the creek,'especia11yv1n the areas which
have been most recént]y mined. There are nearly vertica1 scarps in
many places, and undercut banks in other places. The banks in the mid-
dle portion of the creek reach heights of approximately 40 ft. (12 m)
but decrease in height upstream and downstream. The unconsolidated
materials comprising the»banks consist of gra?e]s and bou]dersgand are
visually evident on the unvegétated portions of the banks. Thé upper
portion of the creek does not have any banks created by mining and is

smoothed into a flat meadow used for grazing. The banks in the Tower
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portion of the creek have been partially stabilized, followed by revege-

tation.

Soil and Nutrients

| Soil in significant quantities is not present in the tailing piles
of the middle portion of the creék, During mining operations, the finer
soil particles were washed downstream after issufng from the sluice
boxes, and accumulated in the tailings of the lower portion of the creek,
or were carried into the Little Applegate River. As a result, a nutrient
deficiency was created for plant growth by the Tack of soil and organic
material, and this deficiency provided a major limitation to revegeta-‘
tion on the spoil piles. The spoils probably had a Tow, or comp]efe
lack of, organic matter content and m'trogen.24 No nutrient studies have
been conducted in this area, however. The soils present on the banks and
in the surrounding areas are haploxerults which are continuously dry for

much of the year.25 ‘These soils have a reddish-brown-to-red color and

26 These soils are not conducive to rapid

have acidic characteristics.
- revegetation.

Leaves, pine needles, twigs and other organic débris blown or
washed onto the spoil piles are evident in numerous locations throughout
the middle and lower portions of the creek. The concentrations of or-

ganic matter are greatest in the Tower portions of the creek. Soil is

abundant in the upper portion of the creek, untouched by the hydraulic.

Water Supply

i

Coupled with the problems of uneven terrain and nonexistent or

infertile soils is a lack of water. The Sterling Creek area receives

an average of 23 in. (586 mm) of annual precipitation.27

Less than’
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20 percent of this precipitation, however, falls during the growing sea-
son.?8  The amount and availability of surface and subsurface water in
the creek is also limited as a result of the low yeér]y precipitétion
and runoff. The creek flows beneath the spoil pf]es throughout the mid-
dle portion of Sterling Creek, returning to the surface in the lower por-
tion of the creek. Despite the fact that less evaporation takes piacé,
Surface vegetation is discouraged from rooting except in areas where
surface pockets of water have accumulated temporarily on the spoils.
There are several abandoned holding reservoirs located along the-
lenath of the creek. Surface flow from these ponds into the creek does
not exist, however, subsurface flow does exist. From the time the Ster-
ling Djtch was in operation until the severe winter of 1964, which des-
troyed a large portion of the ditch, additional water f1owed‘1nto Sterling

Creek via this route. Since the ditch was never repaired, this inflow

of water no longer exists.
METHODOLOGY

The purpose of this study is twofold: first, to assess-the éhrub
and tree revegetation which has taken place since the cessation of gold
~mining; second, to examine the vegetational characteristics of the area
with respect to the age of the tailings, and discover the successional

patterns occurring on the disturbed areas.

Selection of the Study Site

, E
After examination of several abandoned placer mines locatzd in

southwestern Oregon, Sterling Creek was chosen as the study site for
this research. The following attributes were responsible for this

selection:
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1) Sterling Creek was easily accessible both by road and on foot;

2) with the exception of the rock crushing operation, the creek
had been left undisturbed since mining operations came to a
hault;

3) the natural revegetation had begun without artificial inputs;

4) a complete history of Sterling Creek was available which in-
cluded information on dates and methods of placer mining
utilized on the creek;

5) the transition between the mined portions of the creek and
the unmined portions was easily identifiable; and,

6) favorable weather existed throughout late spring, summer, and
early fall for the completion of vegetation sampling.

Vegetation Sampling

From a review of the historical Titerature and a visual examihation
of the creek, three major regions were identified and designated for
purposes of this study: lower Sterling Creek (Region A), middle Sterling
Creek (Region B), and upper Sterling Creek (Region C). Lower Sterling
Creek experienced surface and shaft mining between 1860 and 1876, and
flooding in 1861 and 1864. Middle Sterling Creek received the most
extensive mining in the form of hydraulic mining between 1854 and 1959.
The Tower portion of upper Sterling Creek was mined by shafts between
1854 and 1935, and by earth-moving equipment between 1935 and 1937. The
remaining portion of upper Sterling Creek was used for farming and
grazing.

Vegetation sampling was undertaken in the three regions and a con-
trol area during the late spring, summer, and early fall of 1%76. The
control area was located on the east side of the creek, and was approxi-
mately halfway bétween the- source and mouth of Sterling Creek. The

control area, itself being undisturbed, and representing a portion of




the Mixed-Evergreen Zone, bordered the disturbed areas of the creek.

Within Region C there was an excess of surface and standing Watgr in the
form of a holding pond and exposed creek. This portion of Region C con-
tained distinct species not identified in the-other portions of Region
C; therefore, a fourth region, Region D, was added to the study area
which sampled creekside and holding pond revegetation.

Since sampling was conducted during the dry portion of the year,
the herb layer vegetation was not included in this study. Individual
sampling sites were located as close to the center of each region as
possible. However, in the upper Sterling Creek region, sampling was
conducted in the lower portion where mining had been practiced.

To assess the tree revegetation on the spoils and control area,
the point-centered quarter method was used. This method did not re-
quire a correction factor, was simple to use, and required Tess time
and equipment in the field than would have other distance methods.29
A complete description of the method, and an explanation of its appli-
cability and data analysis have been presented in detail by Dieter
Mueller-Dombois and Heinz Ellenberg following Curtis and McIntosh et a1.30

A modified Tine-intercept method was utilized to sample shrub re-

31

vegetation on spoils and in the control area. Except for absolute

density, standard Vegetationa] measurements such as frequency and per-
cent cover could be obtained by this techm’que.32

Twenty-three transects were established perpendicular to the ¢reek
at the study site; 8 transects in Region A, 6 in Region B, 4 in Reéion
C, and 5 in the control area. Wherever possible, transects extended

from bank to bank, and were placed 10 meters apart. In the control

area, transects were located in the most homogeneous and least disturbed
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stand of vegetation. Transect lengths and number were determined by the
width of the creek (the narrower the channel, the more transects estab-
lished), the homogeneity of the vegetation sampled, and the total num-
‘ber of sampling points required within the region. Transects established
within each region were used for both point-centered quarter and line-
intercept sampling.

Sampling by the point-centered quarter method was at 10-meter inter-
vals along each transect. At each sampling point,'four quarters were |
established. A distance measurement was taken to the closest tree in
each quarter, the tree species noted, and the diameter at breast height
(dbh) of the tree recorded. This same procedure was undertaken at each
of the 178 sampling points along all the transects. There were 46
sampling points in Region A, 42 in Region B, 36 in Region C, 4 in Region
D, and 50 in the control area.

Sampling for the Tline-intercept method occured along the entire
length of each transect. Each contiguous 2-meter segment along every
transeét was considered as one unit. Species present and estimated
Tinear percent cover of each species within each 2-meter segment was
recorded. Trees less than 2 m high were considered shrubs for purposes
of this study, and were included in the 801 sampling segments.. Thereb
were 184 2-meter segments in Region A, 222 in Region B, 170 in Region C,
0 in Region D, and 225 in the control area.

RESULTS AND DISCUSSION--POINT-CENTERED QUARTER METHOD
!
A species 1ist of trees greater than 2 m in height which were in-

cluded in vegetafion Samp1ing has been compiled (Table 1). Species

density (Table 2), percent frequency (Table 3), species basal area
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(Table 4), and species dominance (Table 5) have all been calculated from

the raw data gathered in the field.

Tree Species

Tree species identified growing in the four regions and control are

given in Table 1. Castanopsis chrysophylla, which is often considered

a shrub, has been included with the tree species in this study because
of the large sizes of individual plants (over 2 m).

The tree species identified at Sterling Creek are sihi]ar to the
tree species associated with the Mixed-Evergreen Zone of the Siskiyou
Mountains described by J. F. Franklin and C. T. Dyrness, although there
are variations resulting from the disturbance created by the mihjng

33

activities. The dominant tree species associated with this zone in-

clude: Pseudotsuga menziesii, Pinus ponderosa, Arbutus menziesii, and

Quercus garryana. Additional species found at Sterling Creek which are

not included with the dominant Mixed-Evergreen Zone species described

by Franklin and Dyrness are Acer macrophyllum, Alnus rhombifolia, Quercus

kelloggii, Salix spp., Populus trichocarpa, and Calocedrus decurrens.

Acer macrophyllum, Alnus rhombifolia, Salix spp., and Calocedrus decur-

rens are associated with cool or shady s1'tes.34 The majority of indi-
viduals of these species were found growing near the west bank of the

creek,.or near the holding ponds. Quercus kelloggii, another tree

species omitted by Franklin and Dyrness, is associated with valleys

35

with gravel floors. This species was only encountered in Region A.
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TABLE 1.--TREE SPECIES AT STERLING CREEK

Scientific Namea

Common Name

Acer macrophyllum

Alnus rhombifolia

Arbutus menziesii

Calocedrus decurrens

Pinus ponderosa

Popu]ué trichocarpa

Pseudotsuga menziesii

Quercus garryana

Quercus kelloggii

Salix lasiandra
}Sah‘x spp.

Salix lasiolepis

Bigleaf maple
White alder
Pacific madrone
Incense cedar
Ponderosa pine
Black poplar
Douglas-fir
Oregon white oak

California black oék

Willow

Nomenclature based on Philip A. Munz and David D. Keck, A California
Flora. Berkeley: University of California Press, 1963.
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Species Density

The density or number of individuals of a species per hectare fok
each region under investigation has been tabulated and appears in Table
2. Total density of all tree species combined within each regioﬁ in-
creases with age of disturbance. The control region is the most densely
vegetated area (1,550 trees per hectare), followed by Regions D (589),
A (235), B (187) and C (133). The control area is approximately 12"
times more densely vegetated than Region C. The density for Region D,

“a very moist area surrounding a holding pond, should not be directly
compared with the density of the other regions since available moisture
is one of the Timiting factors to growth and reproduction in all the
regions of the study except Region D.

In the control area Pseudotsuga menziesii and Quercus garryana

have the highest density values. Pinus ponderosa and Arbutus menzie-

ii have the next highest density values. These four species aré the

dominant tree species of the Mixed-Evergreen Zone. Calocedrus decurrens

is the only other specjes present within the control area. This species
is not found in any of the other regions sampled.

Region A, the region which most closely resembles the control area
in growing conditions and vegetation, has four species with high den-

sities. Alnus rhombifolia has the highest density of all species occur-

ing in this region. Sterling Creek flows through this region providing
moisture with which this species is associated. Also, since this species
is a nitrogen-fixing species, nitrogen is locally available for growth

in this area. Pseudotsuga menziesii, Pinus ponderosa and Quertus ar-

ryana have the next highest densities. Except for the high density of

Alnus rhombifolia, the order bf density values appearing in Region A is
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TABLE 2.--TREE SPECIES DENSITY PER HECTARE BY REGION

Region A Region B Region C Region D Control

No. of sampling points 46 42 36 4 50

Mean distance per
tree (m) 6.53 7.32 8.66 4,12 2.54

Total density for all

trees 234.6 186.6 133.3 589.3 1,550.4
Acer macrophyllum 0.0 0.0 4.6 0.0 0.0
-Alnus rhombifolia 80.3 14.6 ~12.0 0.0 0.0
Arbutus menziesii 6.4 9.7 6.5 0.0 155.0
Calocedrus decurrens 0.0 0.0 0.0 0.0 90.4
Castanopsis chrysophylla | 0.0 53.5 52.8 184.2 - 0.0
Pinus ponderosa 57.4 28.3 39.8 36.8 297.2
Populus trichocarpa 0.0 0.0 0.0 0.0 0.0
Pseudotsuga menziesii 59.9 79.7 5.6 0.0 1,033.6
Quercus garryana 29.3 1.0 4.6 0.0 1,007.8
Quercus kelloggii 1.3 0.0 0.0 0.0 0.0

Salix spp. 0.0 0.0 7.4 368.3 0.0
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similar to the order in the control area, but the values are not as
great.
Region B species appear to have densities similar to those in Re-

gions A and C. Pseudotsuga menziesii has the highest density as was

the case in Region A, followed by Castanopsis chrysophylla and Pinus

ponderosa as in Region C. 1In Region A there are few unvegetated areas,

whereas in Region B there are large spaces devoid of vegetation, re-

. sembling Region C. Castanopsis chrysophylla and Pinus ponderosa grow

in these open spaces. Pseudotsuga menziesii and Alnus rhombifolia grow

in the cooler, moister locations. For this reason, the density values -
for species in Region B appear transitional between the values in Region

A and C.

In Region C, the most recently disturbed area, Castanopsis chryso-

phylla and Pinus ponderosa have the highest densities. Since Region C

has been disturbed most recently, there are extensive, exposed and dry

areas which permit growth and spread of Pinus ponderosa and Castanopsis

chrysophylla. In comparison with the control area, density values for
these species within Region C are quite lTow. The shorf peribd of time -
for revegetation and poor growing conditions in Region C are assumed to
cause low densities.

Tree species densities at Sterling Creek reflect growing conditions
found within each region and are related to time 1apsed since site dis-
turbance. Moisture stress and shade tolerance are two factors which may
affect the change in density values for species in the three rggionsf
~Species on Sterling Creek with a hfgh tolerance td moisture stress in-

clude: Quercus garryana, Pinus ponderosa and Arbutus menziesii.36

These species have the highest density values in Regions C and B, the
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regions most recently disturbed. Pseudotsuga menziesii, which has a
Tower tolerance to moisture stress, has the highest density values in
the control area and Region A. The most shade tolerant species is

Pseudotsuga menziesii, followed by Pinus ponderosa, Arbutus menziesii

and Quercus garryana.37 Pinus ponderosa decreases in density within

the regions as Pseudotsuga menziesii increases in density. The change

in species from Pinus ponderosa, which is dominant on the most recently

disturbed sites, to Pseudotsuga menziesii is evident on Sterling Creek.

Species which are adapted to dry, hot habitats have high density values
in the most recently disturbed sites. As these species create more
shading; conditions begin to favor shade-tolerant species and species ’
with Tow moisture stress thresholds. Shade-intolerant species and
-species with high moisture stress thresholds are out-competed, gradu-

a11y decreasing in density.

Percent Frequency

Frequency refers to the number of times a species occurs in a given
set of sampling points. Frequencies for each species expressed as per-
- cent are given in Table 3.

Within the control area Pseudotsuga menziesii has the largest fre-

quency, followed by Quercus garryana. Pinus ponderosa is midway between

the most and Tleast frequently occuring species. Arbutus menziesii and

Calocedrus decurrens have the lowest frequencies. Species not found in

the control area include: Acer macrophyllum, Alnus rhombifolia, Castan-

opsis chrysophylla, Quercus kelloggii and Salix spp. ’

Region A has the same frequency pattern as the control area with one

exception. Instead of Quercus garryana having the second highest fre-
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TABLE 3.--TREE SPECIES PERCENT FREQUENCY BY REGION

Region A Region B Region C Region D Control

No. of sampling points 46 - 42 36 4 50

Acer macrophyllum 0.0 0.0 13.9 0.0 0.0
Alnus rhombifolia 63.0 20.8 22.2 0.0 0.0
Arbutus menziesii 10.9 18.8 16.7 0.0 18.0
Calocedrus decurrens 0.0 0.0 0.0 0.0 12.0
Castanopsis chrysophylla 0.0 41.7 75.0 50.0 0.0
Pinus ponderosa 160.9 41.7 58.3 25.0 36.0
Populus trichocarpa 0.0 0.0 0.0 0.0 0.0
Pseudotsuga menziesii 67.4 79.2 16.7 0.0  88.0
Quercus garryana 30.4 2.1 13.9 0.0 76.0
Quercus kelloggii 2.2 0.0 0.0 0.0 0.0
Salix spp. 0.0 0.0 22.2 75.0 0.0
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quency, Alnus rhombifolia has. This reversal is caused by the presence

of a short section of exposed creek where Alnus rhombifolia is associated

with the increased moisture. The frequency of Pseudotsuga menziesii is

less in Region A than in the control, however, the frequency of Pinus

ponderosa in Region A is greater than in the contrb]. Pinus ponderosa

is a pioneer species in this area requiring more 1ight and better drain-

ed soils. As the Pseudotsuga menziesii increases in abundance, Pinus

ponderosa decreases.

The most frequently occuring species in Region B include: Pseudo-

tsuga menziesii, Pinus ponderosa, and Castanopsis chrysophylla. Since

Region B has more open space, exposed tailing piles, and less moisture

relative to the control area and Region A, Castanopsis chrysophylla occurs

with a higher frequency.

Castanopsis chrysophylla has the highest frequency of all species

in Region C. Other species with prominent frequencies include: Pinus

ponderosa, Alnus rhombifolia and Salix spp.

Only three species are encountered in Region D. Since this area
is extremely moist, the most frequently occuring is Salix spp. Pinus

ponderosa and Castanopsis chrysophylla occur in this region; however,

these species‘occur away from the holding pond, in the drier area ad-
Jacent Region C.

In summary, Pseudotsuga menziesii has a higher frequency in the un-

disturbed area, decreasing in frequency as the length of time since the

disturbance decreases. Pinus ponderosa and Castanopsis chrysophylla

occur most frequently in the drier, more open locations, decreasing in
frequency as the length of time since the disturbance increases. Alnus

rhombifolia and Salix spp. occur most frequently in the moiét, protected
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locations. Calocedrus decurrens only occurs in the control area. Fre-

quencies of Arbutus menziesii and Quercus garryana do not show signifi-

cant patterns in the study site; however, they occur in all regions

except Region D.

Tree Basal Area and Dominance

Mean basal area (stem céver) per hectare for 1hd1v1dua1 tree species
in the four regions and control area appear in Table 4. Basal areas
for each tree were calculated from diameter at breast height (dbh) mea-
surements. Total basal area and mean basal area for each species was
determined.

A dominance rank‘was assigned to each species within each region
-and control. Dominance was determined by multiplying the mean basal
area of the species by species density within each region. Species with-
in each4region were ranked according to dominaqce value, the largest
was assigned the rank of 1. Dominance ranks of individual tree species
within each region sampled appear in Table 5.

Arbutus menziesii has the largest basal area in the control area.

Pinus ponderosa, Pseudotsuga menziesii, Calocedrus decurrens and Quercus

garryana follow in decreasing order; however, when the dominance is cal-
culated, the order may change. For instance, the dominance ranking for

species within the control area is: Pseudotsuga menziesii, Quercus gar-

ryana, Pinus ponderosa, Arbutus menziesii and Calocedrus decurrens.  The

dominant species in the control area are the same dominant species found

in the Mixed-Evergreen Zone.38

In Region A; Pseudotsuga menziesii, Quercus garryana, Alnus fhombi-

folia and Pinus ponderosa have the largest mean basal areas. Dominance




TABLE 4.--BASAL AREA PER TREE SPECIES BY REGION (cm2/ha)

'Regioh A Region B Region C Region D Control

No. of sampling points 36 50

Basal area (cm2/ha) Total Mean Total Mean Total Mean Totaj Mean Total Mean
Acer macrophyllum 0 0 0 0 83 17 0 0 0 0
Alnus rhombifolia 14,025 223 2,933 196 365 28 0 0 0 0
Arbutus menziesii 363 73 3,876 388 274 39 0 0 5,814 485
Calocedrus decurrens 0 0 0 0 0 0 - 0 0 1,571 225
Castanopsis chrysophylla 0 0 1,276 23 507 9 63 13 0 0
Pinus ponderosa 8,201 182 2,033 70 6,759 157 340 340 7,875 342
Populus trichocafggﬁ 0 0 0 0 0 0 0 0 0 0
Pseudotsuga menziesii 17,512 - 373 8,820 108 2,882 480 0 0 24,838 311
Quercus garryana 8,416 366 419 419 347 69 0 0 9,981 128
Quercus kélloggii 3 3 0 0" 0 0 0 0 Q

Salix spp. 0 0 0 0 63 8 204 20 0 0

N
(8]
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TABLE 5.--TREE SPECIES DOMINANCE BY REGION

Quercus garryana 128,998 !

Dominance (cmz/ha) Dominance rank
Region A
Alnus rhombifolia 17,907 2
Arbutus menziesii 436 5
Pinus ponderosa 10,391 4
Pseudotsuga menziesii 22,356 1
Quercus garryana 10,611 3
Quercus kelloggii 3 6
Region B |
Alnus rhombifolia 2,934 3
Arbutus menziesii 3,876 2
Castanopsis chrysophylla 1,253 5
Pinus ponderosa 1,963 4
Pseudotsuga menziesii 8,608 1
Quercus garryana 419 6
Region C |
Acer macrophyllum 83 7
Alnus rhombifolia 337 5
Arbutus menziesii 274 6
Castanopsis chrysophylla 472 3
Pinus ponderosa 6,288 1
Pseudotsuga menziesii 2,882 2
Guercus garryana 347 4
Salix spp. 55 8
| Region D
|
| Castanopsis chrysophylla 2,395 3
Pinus ponderosa 12,512 1
' ' Salix spp. : 7,366 2
Control
Arbutus menziesii 75,175 4
Calocedrus decurrens 20,340 5
Pinus ponderosa 101,642 3
Pseudotsuga menziesii 321,450 1
2
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ranking in Region A is: Pseudotsuga menziesii, Alnus rhombifolia, Quer-

cus garryana, Pinus ponderosa, and Arbutus menziesii. Dominance ranking
in Region A is similar to the dominance ranking in the control area ex-

cept for the addition of Alnus rhombifolia between Pseudotsuga menziesii

and Quercus garryana. The localized moisture in Region A has permitted

the Alnus rhombifolia to increase in size accounting for a dominance rank

of 2.

Quercus garryana, Arbutus menziesii, Alnus rhombifolia, and Pseudo-

tsuga menziesii have the largest mean basal areas in Region B; however,

the dominance rank is: Pseudotsuga menziesii, Arbutus menziesii, Alnus

rhombifolia, Pinus ponderosa and Castanopsis chrysophylla. Castanopsis

chrysophylla, absent from Region A and the control, has become a signi-

ficant species.
Species with the largest mean basal areas in Region C are: Pseudo-

tsuga menziesii, Pinus ponderosa, and Quercus garryana. The dominant

species of Region C include: Pinus ponderosa, Pseudotsuga menziesii,

Castanopsis chrysophylla, Alnus rhombifolia and Quercus garryana. The

increasing dominance of Pinus ponderosa and Castanopsis chrysophylla is

related to the drier and more open environment of Region C.

Pinus ponderosa, Salix spp. and Castanopsis chrysophylla have the

largest mean basal aréas in Region D; and the dominance ranking is Pinus

ponderosa, Salix spp., and Castanopsis chrysophylla.

It is apparent from Table 5 that Pseudotsuga menziesii is the do-

minant species in the control area, Region A and Region B. Growing con-
ditions grade from quite poor in Region C to good in the control area.

As the conditions improve toward a stable state, Pseudotsuga menziesii be-

comes dominant. Conditions in Region C are more limiting to growth
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since there is a lack of nutrients, soil, moisture and shading. The

conditions favor pioneer species such as Castanopsis chrysophylla and

Pinus ponderosa.

As growing conditions change from more xeric and open to more mesic,

dominance changes from Pinus ponderosa and Castanopsis chrysophylla to

Pseudotsuga menziesii, Quercus garryana, and Arbutus menziesii. Changes

in mean basal area also reflect successional changes throughout the study
site. Although, for the most part, the mean basal areas for the species
are resulting from changes in growing conditions. For instance, the mean

basal areas for Pinus ponderosa, Arbutus menziesii and Alnus rhombifolia

all increased as the growing conditions improved from Region C, B and A
to the control area. - The individual trees were able to increase in size
as the growing conditions improved. However, the opposite case occured

with Pseudotsuga menziesii and Quercus garryana. As growing conditions

improved from Region C to the control area, mean basal areas for these
species decreased. One reason for this might be the effects of crowding
and competition on the individuals of the species. As available space
per individual decreases, competition for root space, soil moisture, and
nutrient Supp]ies increases. This decrease in space and increase in
competition inhibits many individuals from reaching maximum size and
vigor. IHowever, a few individuals with deep rooting systems would not
be affected by one of these conditions. Although the improved growing
conditions favor the germination of more seeds and seedling growth, the

ultimate ability of the individual plants to attain large basal areas

is Timited.
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RESULTS AND DISCUSSION--LINE-INTERCEPT METHOD

~Shrub species encountered at Sterling Creek have been compiled in
Table 6. Other information attaihed from field investigation utiliz-
ing the line-intercept method include species frequency (Table 7) and

relative dominance (Table 8).

Shrub Species

The majority of shrub species encountéred at the study site are
those which are associated with the Mixed-Evergreen Zone described by
~J. F. Franklin and C. T. Dyrness.39 These species grow at mid-ele-
vations on rocky or gravelly substrate, and under high levels of light.
Many of the species are pioneer species such as Rubus spp.,.Sxmghori-

carpus albus, Rosa gymnocarpa and Chrysothamnus nauseosus. The number

of different shrub species encountered is considerably greater than
the number of tree species encountered in the same area. In all, twenty

species of shrub were identified growing at Sterling Creek.

Percent Frequency

Shrub species are more numerous in regions which have undergone
disturbance than in the undisturbed area. Shrub species appear earlier
in the successional sequence than tkees, creating an environment favor-
able to tree seed germination and seedling growth. As the tree vege-
tation increases in stature and density, the shrubs are out-competad,
and gradually begin to decreasé in frequency. This is appareﬁt in the
sample regions of Sterling Creek. The control area has the feWest num-

ber of shrub species present, and the greatest percent of bare ground

exposed (Table 7). Regions:A and B, midway through the successional
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TABLE 6.--SHRUB SPECIES AT STERLING CREEK

Scientific Namea

Common Name

Alnus rhombifolia

Arbutus menziesii

Arctostaphylos cinerea

Berberis nervosa

Castanopsis chrysophylla .

Ceanothus cuneatus

Ceanothus integerrimus

Chrysothamnus nauseosus

Holodiscus discolor

Philadelphus lewisij

Pinus ponderosa

Pseudotsuga menziesii

Quercus chrysolepis

Quercus garryana

Rhus diversiloba

.Rosa gymnocarpa

Rubus discolor

Rubus laciniatus

Salix spp.

Symphoricarpus albus

White alder

Pacific madrone
Manzanita

Oregon grape

Golden chinkapin
Narrowleaf buckbrush
Deerbrush

Rabbit brush
Ocean'sbray

Mock orange
Ponderosa pine
Douglas-fir

Canyon live oak
Oregon white oak
Poison oak .
Woodrose

Himalayan blackberry
Eyergreenhb1ackberry
Willow

Common snowberry:

i

Nomenclature based on Philip A. Munz and David D. Keck, A California
Flora. Berke]ey: University of California Press, 1963.
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TABLE 7.--SHRUB SPECIES PERCENT FREQUENCY AND MEAN PERCENT BARE GROUND

Region A Region B Region C Region Da Control

No. of 2-meter segments 184 222 170 0 225
Alnus rhombifolia 5.4 0.0 5.9 0.0
Abrutus menziesii 0.0 1.8 1.2 0.0
Arctostaphylos cinerea 0.5 0.9 5.9 : 1.3
Berber1§ nervosa A0.5 0.5 0.0 : 7.6
Castanopsis chrysophylla 0.0 21.6 20.7 0.0
Ceanothus cuneatus 0.0 0.5 0.0 0.0
Ceanothus integerrimus: 0.0 0.0 0.0 8.4
Chtysofhamnus nauseosus 0.0 0.0 3.6 0.0
Holodiscus discolor 3.8 0.0 0.0 1.8
Philadelphus lewisii 2.2 0.0 0.0 0.0
Pinus ponderosa 4.3 4.5 | 5.3 0.0
Pseudotsuga menziesii 1.6 9.5 7.7 7.1
Quercus chrysolepis 1.1 0.0 0.0 0.0
Quercus garryana 9.2 0.9 - 2.4 9.8
Rhus diversiloba 1.6 0.5 0.6 0.2
Rosa gymnocarpa 2.7 0.0 0.0 1.8
Rubus discolor 8.7 0.0 1.2 0.0
Rubus Taciniatus 8.2 2.3 1.2 0.0
Salix spp. 0.0 0.9 1.2 v | 0.0
Symphoricarpus albus 0.0 1.8 0.0 i 0.0
Percent bare ground 57.1 57.2 53.8 | 65.8
a

There were no shrubs encountered in Region D.
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pattern have less bare ground exposed and more species. Region C, the
most recently disturbed area has the same number of species as Region B,

but slightly less exposed bare ground than any of the other regions.

Several shrub species exhibit distinct patterns of occurence and
percent frequency throughouE the various regions of the study site.
Presence of species is related to the environmental conditions and suc-
cessional trends identified at Sterling Creek. For instance, Pinus
ponderosa seedlings were most frequently encountered in Region C, Tess
frequently encountered in Regions B and A, and not encountered at all

in the control area. Shrub class Castanopsis chrysophylla was en-

countered in Regions C and B, and Chrysothamnus nauseosus was only en-

countered in Region C. On the other hand, Holodiscus discolor and Rosa

gymnocarpa are found only in the control area and Region A. These spe-
cies can only survive in the moister, cooler environments with well-
developed soils farther along in the successional stages of development.

Other species such as Berberis nervosa, Quercus garryana seedlings, °

Rubus lacinatus and Rubus discolor have their greatest frequency in the
control area or Region A and taper in frequency with diminishing time

since the disturbance.

Relative Dominance

The relative dominance of the species within each region is pre-
sented in Table 8. In this case, the relative dominance refers to the
percent of the line intercepted. Within the control area, Quercus

chrysolepis, Ceanothus integerrimus, Berberis nervosa and Pseudotsuga

menziesii are the most dominant species. These species are well-adapted

to the environment of the control area, and probably represent the
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TABLE 8.--SHRUB SPECIES RELATIVE DOMINANCE BY REGION

Region A Region B Region C Region D? Contro]

No. of 2-meter segments 184 222 170 0 225

Alnus rhombifolia ' 13.2 0.0 10.2 0.0
Arbutus menziesii 0.0 3.1 0.7 0.0
Arctostaphylos cinerea 1.2 0.8 5.7 5.8
Berberis nervosa 0.9 0.8 0.0 19.8
Castanopsis chrysophylla 0.0 68.9 62.5 0.0
Ceanothus cuneatus 0.0 1.1 0.0 0.0
Ceanothus integerrimus 0.0 0.0 0.0 21.7
Chrysothamnus nauseosus 0.0 0.0 7.6 0.0
Holodiscus discolor 9.8 0.0 0.0 3.9
Philadelphus lewisii 8.1 0.0 0.0 0.0
Pinus ponderosa 8.8 3.7 6.8 0.0
Pseudotsuga menziesii 1.8 11.4 2.4 15.7
Quercus chrysolepis 2.9 0.0 0.0 0.0
Quercus garryana - 10.9 0.8 0.6 24.8
Rhus diversiloba 1.2 0.7 0.2 4.5
Rosa gymnocarpa 6.7 0.0 0.0 3.7
Rubus discolor 16.8 0.0 0.6 0.0
Rubus laciniatus 17.7 2.7 0.9 0.0
Salix spp. 0.0 3.1 1.7 [ 0.0

Symphoricarpus albus 0.0 2.8 0.0 - 0.0

a

There were no shrubs encounteréed in Region D.
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climax shrub strata species associated with the Mixed-Evergreen Zone.
Dominant shrub species of Region A include: Rubus spp., Alnus

rhombifolia , Quercus garryana seedlings, Holodiscus discolor, Pinus

ponderosa seedlings, and Philadelphus lewisii. Philadelphus lewisii

and Alnus rhombifolia are associated with the moisture available in the

creek which traverses this region; however, other regions exhibit the
sucéessiona] species characteristic of an area closely resembling the
control area, but still successionally distinct from the climax stage.
Region B is closer to the pioneer stages of the successional pat-
tern than Region A. This is evident by the dominant shrub species

encountered in Region B. Castanopsis chrysophylla is by far thebdomi—

nant species, followed by Pseudotsuga menziesii seedlings, and Pinus

ponderosa seedlings.

Castanopsis chrysophylla is the dominant species of Region C, along

with Chrysothamnus nauseosus and Pinus ponderosa seedlings. These spe-

cies represent the pioneer shrub strata species characteristic of this

region. Alnus rhombifolia was encountered frequently, but the majority

of these individuals were located along the border between Region C and
Region D, characteristic of the creekside or holding pond vegetation.
Species dominance in each region clearly supports the existence of
successional trends at Sterling Creek. The species dominant oh thé most
recently disturbed sites aid in the establishment of a more suitable

environment for additional species. Also, the number of tree and shrub

species present or species number diversity decreases as time increases.
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- CONCLUSIONS

Sterling Creek, Jackson County, Oregon experienced extensive placer
mining for nearly 100 years. Damage to the environment and removal of
vegetation was not widespread until the introduction of the hydraulic
1n.1876. Despite the devastated landscape and adverse growing condi-
tions, vegetation has become established on the spoil piles and mined
areas in portions of the creek. Physical factors whiéh have affected
this revegetatidn include: the nature and size of the spoil piles,
the bank structure and stability, soil and available nutrient supplies,
and available moisture. Probable physiological controls of the co1o;
nizing species include: tolerance to moisture stress, shade tolerance,
and nutrient requirements.

A direct relation exists between the age of the spoil piles and the
species present, density, frequency, mean basal area and dominance.
Plant succession is occuring on the spoil piles of Ster]ing Creek. Pinus

pondekosa and Castanopsis chrysophylla are pioneer tree species colo-

nizing dry environments and are most abundant in most recently disturbed

regions. As time since the disturbance increases, Pseudotsuga menzie-

sii, Quercus garryana and Arbutus menziesii replace Pinus ponderosa and

Castanopsis chrysophylla. The climax state resembles the Mixed-Ever-

green Zone described by Franklin and Dyrness in which dominant species

include Pseudotsuga menziesii, Quercus garryana, Arbutus menziesii and
40

Pinus ponderosa.

Species density within each region increases with age since dis-

i

turbance. Pinus.ponderosa and Castanopsis chrysophylla have the higheSt

densities in the most recently disturbed locations. Pseudotsuga menzie-
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sii, Quercus garryana and Arbutus menziesii have the highest densities

in the areas of oldest disturbance and in the undisturbed control area.

Calocedrus decurrens, Alnus rhombifolia and Salix spp. occur in

moist areas. Calocedrus decurrens only occurs in the control area where

sufficient shading, moisture and substrate are available. Alnus rhombi-

folia and Salix spp. are associated with abundant supplies of moisture
adjacent to holding ponds and creek banks; however, Salix spp., is
found only near standing or surface supplies of water.

_ Twenty-one species of trees and shrubs are encountered in the most
recently disturbed areas within the study site. As the length of time
since the disturbance increases, the numbers of shrub and treebspecies
decreases. As succession progresses, the tree and shrub species number

~diversity diminishes.

Mean basal area of Alnus rhombifolia, Arbutus menziesii, and Pinus
ponderosa increases inversely with time since disturbance; however, the

mean basal area of Pseudotsuga menziesii and Quercus garryana decreases

with time since disturbance.
Shrub species demonstrate the same basic trends as tree species at

Sterling Creek. Pioneer species such as Castanopsis chrysophylla,

Chrysothamnus nauseosus and Pinus ponderosa are prevalent in the most

recently disturbed areas of the study site. As succession proceeds

these species are replaced by Holodiscus discolor, Ceanothus integer-

rimus, Rosa gymnocarpa, and Berberis nervosa.
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