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EFFECTS OF MOUNTAIN GOATS ON SOILS, PLANT COMMUNITIES
AND SELECT SPECIES IN OLYMPIC NATIONAL PARK

INTRODUCTION

Mountain goats (Oreamnos americanus) are a widely distributed ungulate in

North America. However, they are not indigenous to the Olympic Mountains
although they were introduced to the area in the late 1920's. The population
grew and spread throughout the alpine and subalpine areas of the Olympic
Peninsula (Moorhead 1977). In 1981 the population was estimated to number 500
to 700 animals, mostly within the Olympic National Park (Stevens 1983).

The highest density of mountain goats occurs on Klahhane Ridge, an east-
west ridge in the north central part of the Park (47°59'30"N, 123°27'30"W).
In 1980 the population was estimated to be about 180 animals within an area of
13km2 (Stevens 1983). This concentration of 14 goats/km2 compares with
density estimates of 0.5 and 2.8 goats/km2 for natural populations in
Glacier National Park (Chadwick 1977, Singer 1975). The higher densities
result from estimates in rocky terrain, an essential habitat for the species.
The high densities on Klahhane Ridge result from availability of rocky terrain
for escape, open meadows for forage, and north-facing slopes for thermoregula-
tion in summer (Stevens 1979).

The Administration of the Park recognized the rapid increase in popula-
tion size and thus initiated a removal program in June 1981. In the three
summers, 156 animals have been removed from the Klahhane Ridge area. The
effect of this removal program was not possible to estimate during our study.

This study was initiated in 1978 to investigate the impact of mountain
goats upon soils and soil stability (See Harter Section), upon plant communi-

ties and their net annual production (see Pfitsch Section), upon three species
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known to be selected in grazing (see Pike Section), and upon the establishment
and maintenance of plant species relative to dusting sites (wallows) (see Reid
section). Most of the research was conducted along Klahhane Ridge with addi-
tional work at Tyler Peak. Field work was completed September 1982.

This report summarized the four major studies conducted over the four-
year period. Greater detail for three of the components can be found in the
theses by Pike (1981), Pfitsch (1981) and Reid (1983).

We gratefully acknowledge the financial support of the National Park Ser-
vice and the continued advice and support of James K. Agee, Bruce Moorhead,
and Ed Schreiner. Mr. Roger Cantor, Superintendent, Olympic National Park was
very supportive of this research and we gratefully acknowledge the advice of

many other park personnel.
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The Effect of Mountain Goats on Soils and Soil Erosion,
Klahhane Ridge, Olympic National Park
J.H. Harter
INTRODUCTION

Soil is an important component of the ecosystem that integrates biologic,
climatic, edaphic, and topographic factors over time. Although soil is usual-
ly thought of as a living, dynamic system, the presence of a soil mantle is an
indication of relative environmental stability. Any change in either the
nature of the soil or the other components of the ecosystem will have recipro-
cal effects. One of the most important axioms of sound watershed management
is that "stable soil is a prerequisite to satisfactory condition on any area
where a soil mantle has been developed" (Ellison and Bailey 1951). This is
especially true at high elevations where low temperatures and steep topography
place stringent constraints on soil genesis (Retzer 1974). The introduction
of mountain goats into the Olympic Mountains has resulted in adjustments with-
in the environmental complex. The purpose of this research is to assess the
nature of the changes to the soil system.

The mountain goats in Olympic National Park are largely confined to the
subalpine and alpine zones where steep gradients result in a diverse mosaic of
habitats and plant communities, and in great variability in soils and erosion-
al characteristics. This is compounded by the complex geologic and glacial
history of the Olympic Mountains (Tabor 1975, Tabor and Cody 1978) and the
west to east gradient in precipitation in the range. Because of this varia-
bility, most of the research was conducted along Klahhane Ridge in the area of
highest density of mountain goat. Between 1960 and 1980, the mountain goat
population on Klahhane increased approximately threefold to ca. 180 animals
(Stevens 1983) resulting in observable vegetation and soil disturbance

(OImsted 1976).
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The steep topography in mountain goat habitat and the frequent freeze-
thaw cycles and heavy winter precipitation at high elevations combine to pro-
duce rapid mass-wasting as evidenced by extensive areas of broken rock and
scree along ridges. Soil development and surface stability in these areas are
influenced by such physical parameters as slope, aspect, and the nature of the
substrate as well as the physiognomy of the vegetation and plant cover. The
habitats (landforms) utilized by goats on Klahhane Ridge are described by
Olmsted (1976) and Stevens (1979) and plant community correlates provided by
Pfitsch (1981, this report). These include: a) rock outcrops, b) scree,
talus, or slide rock, and c) meadows.

Rock outcrops on Klahhane Ridge and in the northern and eastern Olympic
Mountains are primarily of volcanic origin. These habitats are heavily uti-
lized by goats although they contribute little to goat forage requirements due
to low vascular plant cover. Rock surfaces are frequently bare or with a
variable cover of saxicaulous lichens and mosses. Mineral soil material, when
present, is Tlargely confined to cracks or crevices on horizontal surfaces.
Goat disturbance to rock outcrops on Klahhane Ridge and Tyler Peak are des-
cribed by Pike (1981, this report). Goat usage results in a significant de-
crease in plant cover and increase in bare surfaces as indicated by remnant
lichen lines.

Areas peripheral to rock outcrops and ridges consist largely of steep and
extremely unstable scree or talus slopes on basaltic substrates. On Klahhane
Ridge, these areas constitute >25% of the total non-forested goat range, have
low productivity and species diversity, and have a high intensity and frequen-
cy of goat grazing (Pfitsch 1981, this report) which may reduce biomass of
dominant vascular species (Pike 1981). These areas are very dynamic with

little biological control. Erosive rates are naturally high and depend upon
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particle size, slope angle, and the source of material (i.e. cliffs). Mineral
soil material accumulates only in the more stable areas near the base of such
slopes.

Subalpine meadow areas heavily utilized by mountain goats include unsta-
ble herb meadows on basaltic substrates and more stable Phlox-fescue meadows
on sedimentary substrates. On Klahhane Ridge, these meadow types constitute
nearly 60% of the total vegetated goat habitat (excluding rock outcrops and
forested areas) and produce nearly 75% of the total available goat forage
(Pfitsch 1981, this report). Fine particles have accumulated in many of these
meadows and incipient soils have developed.

Mountain goat activities that result in habitat disturbance, ranked in
order of decreasing damage, include trampling, wallowing, bedding, and feeding
(OTmsted 1976). The effect of these activities on plant community composition
selected endemic plant species, and plant regeneration are described by
Pfitsch (1981), Pike (1981) and Reid (1983), respectively. These activities
vary temporally and spatially, but when concentrated due to high goat popula-
tion densities or habitat restrictions, result in destructive changes to the
environment. In habitats of low resiliency, these activities destroy the in-
tact vegetation cover resulting in soil displacement, accelerated loss through
rilling and gullying or sheetwash erosion, and destruction of an important
resource.

Most of this research on soil disturbance was conducted in an extensive,
south-facing Phlox-fescue meadow on Klahhane Ridge where goat exclosures had
previously been constructed and other studies were in progress. Research was
concentrated in this area because: 1) the meadow is heavily utilized by goats
and shows a large amount of disturbance that is unequivocally identifiable as

goat induced; 2) the meadow soils are more stabilized and show greater
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development (albeit incipient) than most other areas of high goat usage; 3)
soil stability in the meadow is Tlargely a function of biological controls
(e.g. plant cover) and erosion can be more easily related to disurbance than
in areas of greater surface instability; 4) the meadow is relatively homogen-
eous with a high degree of comparability with other non-goat areas; and 5) the
meadow is an obvious area for initiation of revegetation and habitat stabili-
zation studies. The objective of this research was to document the magnitude

and rates of soil erosion in relation to goat utilization of this habitat.

Meadow Disturbance: Klahhane Ridge vs Tyler Peak
METHODS

The original (pre-goat) vegetation of Klahhane Ridge is unknown but an
attempt was made to estimate the amount of disturbance that has resulted due
to mountain goat activities by comparing the Klahhane site with an area of
"similar" vegetation but low goat use. However, steep gradients in the Olym-
pic Mountains complicate the selection of comparable sites. Tyler Peak,
located just outside the northeast boundary of the Park, was chosen for com-
parison sampling in the habitat studies (see Pfitsch, 1981, this report; Pike
1981, this report). Hurricane Hill was used by Reid (this report) as another
comparison site of low goat density. South-facing, Phlox-fescue meadows on
Tyler and Hurricane Hill are highly similar to Klahhane (Table 1).

A measure of the percentage of disturbed surfaces in the meadows was
obtained using the line intercept technique (Canfield 1941, McDonald 1980).
Vegetation (non-overlapping) and surface intercepts were recorded to 1 cm
along meter tape transects oriented across the meadows parallel with the
slopes (116° on Klahhane and 118° on Tyler); six transects (1025 m of line)

were sampled on Klahhane and 2 transects (400 m of line) on Tyler. The
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Table 1. Physical parameters of the Klahhane Ridge, Tyler Peak, and Hurricane
Hi1l Phlox-fescue meadows.

Characteristics K1ahhane Meadow Tyler Meadow Hurricane Hill

Substrate Sandstone Sandstone and Basalt Same as Tyler

(Crescent Formation) (Crescent Formation
and Blue Mountain Unit)

Elevation ca. 1700 - 1750 mAMSL 1700-1750 mAMSL 1700-1730 aAMSL
Aspect 22* 190° 175-180°
Slope 30° 24° 28°

Klahhane transects began ca. 15 m above the northwest 10 x 10 exclosure and
were spaced at 25 m intervals down slope with west and east boundaries
determined by tree islands or basaltic outcrops (see Fig. 6). The Tyler
transects were oriented to avoid changing slopes, substrates, or vegetation.
Disturbance on surface intercepts was accessed using a two-fold classifi-
cation of a) nature of the surficial material, and b) disturbance process
(Table 2). Surficial material was categorized according to particle size of
the dominant fraction (>50% cover) ranging from organic matter or fine soil
(<0.5 cm) to rock (>10 cm). Bare surfaces were subjectively categorized as to
their disturbance including mountain goat trampling, trailing, and wallowing.
However, these categories are not always mutually exclusive. Horizontal
trailing was easy to assess but down slope trailing was often difficult to
separate from water rilling (either "natural" or due to disturbance above)
trampling, or outwash erosion from wallows. Many bare areas were indiscern-
ible as to origin (either "natural" or old disturbance) and were unclassified.

Wallows were considered as >1 mZ with smaller areas designated as trampling.



1able 2. Meadow disturbance on Klahhane Ridge and Iyler Peak ( ) categorized as to particle size of
surficial material and disturbance process.

MEADOW DISTURBANCE: KLAHHANE VS (TYLER)

BARE AREAS TRAILING WALLOWS TOTAL
UNCLASSIFIED O0BVIOUS TRAVERSING DOWNSLOPE & WALLOW OUTWASH
TRAMPL ING WATER PROPER
RILLING

ORGANIC 4.1 (5.3) 1.9 (0) 0.1 (0) tr. (tr.) tr. (0) 0 (0) 6.1 (5.3)
MATTER
FINE 3.1 (0.4) 10.4 (0.3) 0.7 (0) 0.5 (1.2) 4.3 (0) 1.1 (0) 20.1 (1.9)
SOIL
<0.5 cm
FINE 0.6 (0.1) 2.2 (0) 0.4 (0) 1.3 (1.0) 0.2 (0) 1.4 (0) 6.1 (1.1)
SCREE
0.5 - 2.0 cm
MED. tr. (0.2) 0.3 (0) tr. (0) 0.2 (tr.) tr. (0) 0.2 (0) 0.7 (0.2)
SCREE
2 - 5cm
COARSE 0 (tr.) 0.1 (0) tr. (0) 0.2 (tr.) 0 (0) tr. (0) 0.3 (tr.)
SCREE
5 ~ 10 cm
ROCKS 0.5 (0.5) 0.1 (0) tr. (0) tr. (tr.) tr. (0) tr. (0) 0.6 (0.5)
>10 cm

8.3 (6.5) 15.0 (0.3) 1.2 (0) 2.2 (2.2) 4.5 (0) 2.7 (0) 33.9 (9.0)
TOTAL VEGETATED 66.1% (91.0%)
TOTAL BARE 33.9% (9.0%)
TOTAL OBVIOUSLY DISTURBED 25.6% (2.5%)
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designated as trampling. Some meadow disturbance may have derived from
black-tailed deer, marmots or researchers (Klahhane). Sampling was conducted

in early August, 1980, at the time of peak plant biomass and cover.

RESULTS

The Klahhane meadow has a greater proportion of disturbed surfaces of all
particle sizes than the meadow of low goat use at Tyler Peak (Table 2). About
34% of the Klahhane meadow is bare and most of this is obviously derived from
intensive utilization by mountain goats. In contrast, only about 9% of the
Tyler meadow is bare with obvious disturbance accounting for <3%. These bare
ground cover estimates agree closely with those of Pfitsch (this report)
derived using quadrat sampling techniques.

Most of the disturbance on Klahhane is related to tramping or wallowing
while at Tyler it is downslope trailing/water rilling which undoubtedly in-
cludes some "natural" erosion. Disturbance on Klahhane has resulted in a
decrease in plant cover exposing a greater proportion of fine soil and fine
scree. In contrast, the dominant bare surface material at Tyler is undisturb-
ed darganic matter. The most obvious between site difference noted while

sampling was the almost complete cover of cryptogams and Selaginella densa or

S. wallacei in microsites not covered by a vascular plant canopy at Tyler
Peak. Pfitsch (1981) reports that mosses and lichens occurred in 86% of the
Tyler plots for >11% cover but only in 33% of the Klahhane plots for <1%
cover. These vegetation changes due to trampling, while more subtle than the
dramatic effects of trailing or wallowing, are probably more serious relative

to erosion and topsoil loss.
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Microenvironments
METHODS

Microenvironments were monitored on the south and north-facing slopes of
K1ahhane Ridge during the summer months of 1980 - 1982 (south slope only in
1982). Besides quantifying environmental factors of importance relative to
soil erosion, this information can be used to correlate goat behavior and
habitat usage with microclimatic conditions, and to help interpret and extra-
polate intensive sampling of Klahhane plots with regards to seasonal changes
in community cover, production, and phenology of dominant species. Stations
were established in the extensive, south-facing, Phlox-fescue meadow (1753 m
above mean sea level) and in the north-facing cirque (1632 m AMSL).

Continuous records were made of air temperature and relative humidity
with hygrothermographs (Belfort Instrument Co., Baltimore, Maryland) housed in
louvered, white shelters placed on the ground surface. Sensor height was
approximately 5 - 20 cm. Vapor pressure deficit (VPD) was calculated from the
hygrothermograph data as follows:

VPD = Saturation Vapor Pressure at
Air (Dry Bulb) Temperature

1 - Relative Humidity

100
Global radiation was recorded with Belfort pyranometers placed on top of the
shelters. The instruments were leveled and sensor height was approximately 70
cm. Precipitation was monitored at approximately weekly intervals with un-

shielded Tru-Check rain gauges, leveled at 1.4 m.

RESULTS AND DISCUSSION
The climate of the Olympic Mountains is moderated by the proximity of the
Pacific Ocean which results in mild year-round temperatures, wet winters, and

dry summers. The higher peaks in the center of the range intercept the pre-
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vailing westerlies creating a dramatic rain shadow effect and a steep south-
east to northwest gradient of precipitation which influences regional vegeta-
tion patterns and zonations. Most of the precipitation at high elevations
falls as snow during the winter months and the duration and distribution of
winter snow cover influences summer soil moisture patterns and the local dis-
tribution of plant communities (Pfitsch, this report).

The four years of habitat studies on Klahhane Ridge (1979 - 1982) differ-
ed in seasonal microclimates related primarily to the duration of winter snow
cover. Snow accumulations in the subalpine meadows at the end of winter were
ca. 60%, 40%, and 25% of the long-term record in 1979, 1980, and 1981, respec-
tively (Table 3). Accumulations were slightly above "normal" in 1982. This
resulted in year-to-year differences in the snow release of plant communities
and the seasonal patterns of plant phenology, community production, and moun-

tain goat habitat utilization.

Table 3. Snow depths and water equivalents at the end of April from the Hur-
ricane Ridge Snow Course, Olympic National Park, 1372 m AMSL.
(Source: Jack Hughes, ONP)

Period Depth on Ground Water Equivalent
(cm) (mm)
X
1949-1982 169.9 711.2
1979 106.7 408.9
1980 : 71.1 256.4
1981 45.7 165.1

1982 193.0 729.0
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Climatic data from Port Angeles (Table 4), the nearest reporting weather
station located 13 km north of Klahhane Ridge at 110 m AMSL, must be used with
caution to predict seasonal trends or the "normality" of climates at higher
elevations. Winter (November through April) precipitation received at Port
Angeles in 1980 and 1981 exceeded the long-term record although total snow
accumulations in the mountains were much below normal. The above-normal
winter temperatures in 1981 may indicate that a greater proportion of the pre-
cipitation at higher elevation occurred as rain rather than snow, but the
other comparisons are unclear. Mean summer temperatures and precipitation at
Port Angeles differed little between the years, a characteristic of the mari-
time climatic regime. The below-normal precipitation in August of 1979, 1980,
and 1981, suggests that the habitat studies were conducted during a period of
unusually dry mid-summer conditions.

Environmental data from the south-facing, Phlox-fescue meadow site for
the 1980 - 1982 measurement periods are shown in Figs. 1-3 and summarized in
Tables 5-7. Global radiation (horizontal surface) in the meadow averaged ca.
20 MJ-m-2-d-1 with maximum daily totals exceeding 30 MJ-m-2.d-1 during the
June through August period; actual radiation received by the meadow (30°
slope) would exceed these values. Clouds occur with a high frequency in the
Olympic Mountains during the early and late summer, typically forming in
valleys or on the leeward side of ridges and moving upslope to dissipate with
the wind. This results in great variability in the radiation regime at high
elevations. However, during mid-summer clear periods of 7 - 10 d or more are
common.

The frequently high radiation loads and surface albedo resulted in high
daytime shelter temperatures in the meadow. Mean daily temperatures during

the warmest months (July and August) were near 10°C which is typical of many
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Table 4. Climatic data for Port Angeles, WA., 48°07'N, 123°26'W, 110 m above mean sea
level. Source: NOAA Tables.
Winter Summer
November - April
inclusive) May June July Aug. Sept. Oct.
"Normals": 78 yr record (temperature), 104 yr record (precipitation)
mean temperature 5.8° 11.2°  13.5° 15.2° 15.0° 13.7° 10.1° X = 13.
(°C)
total precipitation 459.3 23.9 23.1 12.5 18.5 30.5 68.1 = 176.
(mm)
1979
mean temperature 5.3° 12.1° 13.4° 16.2° 15.9° 15.7° 11.2° X = 14.
(°C) (+.9)
total precipitation 378.0 13.2 9.4 16.3 6.6 54.4 74.9 = 174.
(mm) (-10.7)
1980
mean temperature 5.7° 11.6° 13.0° 15.4° 14.8° 14.2° 11.2° X = 13.
(°C) (Apr. missing)
(Departure from normal)
total precipitation 487.4 31.8 57.4 5.1 5.1 50.6 6.4 = 156.
(mm)
(Departure from normal)
1981
mean temperature 7.5° - 12.9* 15.2° 17.3° 13.9° 9.7° X = 13.
(°C) - (-0.6) (0) (+#2.3) (+0.2) (-0.4)
(Departure from normal) (May missing)
total precipitation 511.3 47.5 35.6 12.2 3.3 54.9 74.7 = 228
(mm) (+23.6) (+12.5) (-0.3) (15.2) (+24.4) (+6.6)
(Departure from normal)
1982
mean temperature 6.4 11.1 14.9 15.0 15.8
(°C) (Jan. missing) (+0.8)
total precipitation 426.0 4.8 16.3 18.3 11.6
(mm) (Jan. missing) (-6.9)
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Figure 1 (continued). Data from the north-facing cirque.
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Figure 2.

Microclimatic data for the south-facing meadow on

-17-

Klahhane Ridge, 1753 AMSL; BSM=Big South Meadow, CIRQUE= north-
facing slope.
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Figure 2. (continued) Data from the north-facing cirque.
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Figure 3. Microclimatic data for the south-facing meadow on
Klahhane Ridge, 1753 AMSL. Temperature and precipitation values
are from Port Angeles (see text).
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Table 5. Monthly summary of environmental data from the south-facing, Phlox-fescue meadow site, Klahhane Ridge,

Olympic National Park

(47°59'N, 123°27'W; 1753 m above mean sea level) for 1980.

Par ameter

May

June

September

October

2

Global Radiation (M0 m - d

-1)

Days of Record
Mean Daily Irradiance
Max. Mean Daily

Temperature (°C)
Days of Record
Mean Daily
Abs. Max.

Mean Daily Max.
Mean Daily Min.
Abs. Min.

Vapor Pressure Deficit (kPa)

Days of Record
Mean Daily
Max. Daily

Precipitation (mm)

Total for Period 2 June - 23 September

OO ~.M>

o=

111 (+106)*



Table 6. Monthly summary of environmental data from the south-facing, Phlox-fescue meadow site, Klahhane Ridge,
Olympic National Park (47°59'N, 123°27'W; 1753 m above mean sea level) for 1981.
Parameter May June July August September October
1981
Global Radiation (MJ m™2 d”1) y
Days of Record 14 15 31 31 26
Mean Daily Irradiance 17.2 18.4 17.9 20.0 13.2 N
Max. Mean Daily 27.9 31.4 28.7 25.4 20.9 0
Temperature (°C)
Days of Record 7 20 31 28 24 R
Mean Daily 5.6 5.5 10.1 (-0.3) 14.1 (-1.2)* 10.8 (-1.2)* E
Abs. Max. 12.0 16.5 23.0 (0) 30.5 (-1.5) 30.0 (-2.5) C
Mean Daily Max. 9.2 11.8 14.6 (-0.2) 20.9 (-1.7)* 16.1 (-1.3)* 0
Mean Daily Min. 1.7 2.0 5.7 (-0.5) 8.3 (-1.7)* 5.4 (-1.0)* R
Abs. Min. -0.5 -1.0 -1.0 (+0.5) 2.0 (-1.5) -0.5 (0) D
Vapor Pressure Deficit (kPa)
Days of Record 7 20 31 28 24
Mean Daily 0.14 0.12 0.30 (0) 0.63 (-0.18)* 0.62 (-0.19)
Max. Daily 0.25 0.43 0.85 (-0.13) 1.64 (-0.45) 2.21 (-0.79)

Precipitation (mm)

Total for Period 16 May - 23 September

124 (+153)*

-6I -



Table 7. Monthly summary of environmental data from the south-facing, Phlox-fescue meadow site, Klahhane Ridge,
Olympic National Park (47°59'N, 123°27'W; 1753 m above mean sea level) for 1982.

Parameter May June July August September October
1982
Global Radiation (MJ m d'yl
Days of Record 26 31 21
Mean Daily Irradiance N 24.2 19.8 17.0 N N
Max. Mean Daily 0 31.4 28.0 26.9 0 0
Temperature (°C)
Days of Record R 19 e N R R
Mean Daily E 8.5 8.7 0 E E
Abs. Max. C 19.0 24.0 C C
Mean Daily Max. 0 13.0 13.2 R 0 0
Mean Daily Min. R 6.7 4.1 E R R
Abs. Min. D -1.0 -2.0 C D D
0
Vapor Pressure Deficit (kPa) R
‘Days of Record 19 17 D
Mean Daily 0.27 0.07
Max. Daily 0.67 0.25

Precipitation (mm) No Record

—OZ_
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treeline areas around the world. Mean daily maximum temperatures during this
period were ca. 15°C with absolute maxima >25 to 30°C. Surface temperatures
near 60°C were measured in this same community type by Kuramoto and Bliss
(1970). Reradiation at night resulted in mean daily minimum temperatures ca.
5°C. Freezing temperatures can occur at any time during the summer months.

The frequent surface clouds and high humidities resulted in low average
vapor pressure deficits (mean daily ca. 0.3 kPa). However, during the hot,
dry periods of mid-summer, VPD's >1.0 kPa were common (maximum mean daily was
2.2 kPa), suggesting that many plants were exposed to atmospheric moisture
stress.

The summer months were typically dry on Klahhane Ridge, and although ca.
120 mm precipitation was recorded at the south-facing meadow site during June
through September, most of this occurred in early and late-summer. In 1980,
only 6.8 mm precipitation (6% of season's total) was measured between 17 July
and 27 August (36% of measurement period). The dry period was even more pro-
nounced in 1981; only 4.1 mm precipitation (3% of season's total) was measured
between 14 July and 1 September (37% of mesurement period). Total precipita-
tion recorded at the cirque station was >200% that of the south-facing mea-
dow. The "true" precipitation on the Ridge probably lies between these two
extremes; the steep south-facing site is characterized by up-slope winds which
tend to reduce the "catch" in a leveled rain gauge, whereas the cirque station
is in a low-pressure area (wind shadow) that may tend to accentuate the
“"catch."

The microclimate station in the cirque was significantly cooler (ca. 0.5
+ 2°C) than the south-facing meadow site during most of the summer period,
although absolute minimum temperatures were frequently higher. These small

differences recorded at a stationary shelter in an exposed and relatively
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sunny location do not fully reflect the thermoregulatory gains incurred by the
mountain goats as they follow the numerous shadows generated by the north
aspect of the cirque. Because of the generally lower temperatures, the VPD's
at the cirque station were also significantly lower than at the south-facing
site.

Small year-to-year differences in microclimates were noted. The 1981
season was warmer and drier during mid-summer with higher maximum and mean
daily temperatures, higher VPD's and a reduced frequency of precipitation.
Combined with the shallow, late winter snow pack and early snow release of
plant communities in 1981, this suggests that phenological patterns and pro-
duction gains were accelerated and many plants may have experienced water
stress in mid-season. The incomplete record from 1982 does not allow meaning-

ful comparisons with the other years.

Soil Descriptions
METHODS

Soil pits were excavated in several areas of the Phlox-fescue meadows on
Klahhane Ridge and Hurricane Hill and in other plant community and habitat
types on Klahhane Ridge. Soils were described and classified according to the
U.S. soil taxonomy (1975). Samples were collected from each described horizon
or at fixed depths when horizons were indistinct. Soil pH was determined on
the <2 mm fraction using a 1:1 soil-to-water paste. Soil color was determined
under natural daylight using a Munsell color chart. Organic matter was remov-
ed from samples before determinations of particle size using a modified
Bouyoucos hydrometer method (Bouyoucos 1951). The greater than 2 mm fraction
was determined by sifting before particle size analyses. Soil nutrients, pH,

and organic matter were determined by the Agriculture and Soil Analysis Lab,
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University of Idaho, Moscow, Idaho. Their analyses included percent organic
matter and percent organic carbon by the Walkley-Black wet digestion method,
available (nitrate) nitrogen by an Auto Analyzer with a CaSO4 wash, and

total P and total K by the NaOAc colorimetric method.

RESULTS AND DISCUSSION

Soils at high elevations in the Olympic Mountains are generally young and
poorly developed due to the rapid erosion on steep slopes, a short snow-free
season, low annual temperatures, and frequent fires (Kuramoto and Bliss 1970).
Soil development is more pronounced in forested areas and depressional or
gently sloping sites of greater snow accumulation including heather, late-snow
sedge, and Lupine-sedge meadows (Fonda and Bliss 1969, Kuramoto and Bliss
1970, Belsky 1979). However, such habitats are subject to slight goat usage
or impact.

Soils of the extensive, south-facing Phlox-fescue meadow on Klahhane
Ridge have developed on sandstones of the Crescent Formation, dated as Eocene
in age. Volcanic basalt and breccia are the other dominant substrates on
K1ahhane, although recessive beds of shale and limestone occur locally. Soils
of the Phlox-fescue meadow most closely resemble Haploborolls (Table 8) while
soils of a more mesic phase of this community type were classified by Kuramoto
and Bliss (1970) as Orthic Hapludolls. These soils are typical of semiarid,
cool to cold steppes, and are characterized by a mollic epipedon with accumu-
lated humus and a dominance of bivalent cations on the exchange complex, but
few other diagnostic features. Soils nearer to the ridge crest of Klahhane
are more shallow with lithic contacts closer to the surface, while down-slope
areas have a thicker soil mantle. Horizons are poorly developed with only a
slight change in color, pH, particle size and root abundance throughout the

profile.



Table 8.

Horizon

Al

Bl

Table 9.

Depth
0-5
5-12
12-25
25-45
45-55

-24-

Soil profile description from a mid-slope site of the extensive,
Phlox-fescue meadow on Klahhane Ridge. The soil most closely

resembles a Haploboroll.

Depth (cm)
0-5

5-25

>25

Description

Dark reddish brown (5 YR 3/3d) gravelly,
sandy loam; single grain; very friable;
abundant, small and medium roots; abundant,
angular gravel, 36% >2 mm; abrupt, smooth,
indistinct boundary; medium acid, pH 5.7.

Dark reddish brown (5 YR 3/3d) very
gravelly, sandy loam; single grain; very
friable; many, small and medium roots; very
abundant, angular gravel, 51% >2 mm; clear,
wavy, indistinct boundary; strongly acid, pH
5.3

Reddish brown (5 YR 4/4d) very gravelly,
sandy loam; single grain; very friable;
some, small and medium roots; very abundant,
angular gravel, 51% >2 mm; strongly acid, pH
5.4.

Soil profile characteristics from a mountain goat wallow (SW #5, IO
#86) in which approximately 40 cm of the original surface (see
Appendix B-3) eroded away exposing the C horizon.

Color %72 mm pH

reddish brown (5 YR 4/3d) 48% 5.4
. . " 58% 5.3
u " (5 YR 4/4d) 62% 5.4
" " (5 YR 4/3d) 82% 5.5

' 77% 9.9
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Goat-induced soil erosion results in the removal of surface horizons,
particularly in wallows where disturbance is concentrated (Table 9). Erosion
exposes material with a high gravel and scree content and these larger
particles are readily displaced down slope. Table 10 shows that wallows in
this same meadow had slightly higher sand contents, less organic matter, and a
trend towards less aggregation of fines than adjacent, undisturbed meadow
soils. Although many of these wallows have eroded down to very
coarse-textured horizons, the surficial material in the wallows is finer
grained. This is probably a result of the incorporation of meadow surface
material derived either from the original site or transported down slope from
the meadow above or the headward erosion of the wallow. The presence of this
fine-textured surficial material in the wallows is a requisite to their use by
goats for dusting, thermoregulation, and insect control. In areas with a
shallow mantle, wallowing readily displaces all of the fines leaving a surface
of scree which ceases to be used by the goats.

Soils of the unstable herb meadows show even less development than the
soils of the Phlox-fescue meadow described above. The unstable herb meadow
soils have developed on volcanic substrates and:most closely fit the descrip-
tion of Typic or Lithic Ustorthents, depending oﬁ the depth to bedrock. These
same soils were classified by Kuramoto and Bliss (1970) as Orthic Orthustents
using the 7th Approximation Soil Classification System. These soils occur on
recent geologic erosional surfaces such as steep, actively eroding slopes, and
have an absence of diagnostic horizons. Due to the active erosion and poor
horizon development in both of these soil types, profile characteristics can
not be used to estimate topsoil loss, although soil remnants and plant
pedestals can locally be used for this purpose. One major distinguishing

characteristic of these soils was the percent soil organic matter and organic



Klahhane
Wallow

Klahhane
Meadow

Table 10. €hemical and physical properties of soils from Klahhane Ridge goat wallows and Klahhane
and Hurricane Hill phlox-fescue meadows.

Hurricane
Hi1l Meadow

>2 mm % of <2 mm % Organic % Organic Avail. Total
Depth Fraction Sand Silt Clay pH Carbon Matter N P K Color
(cm) (%) (No ) (ppm)  (ppm)
Reddish brown
0-5 48 75.7 8.8 ?575 5.4 1.6 2.7 1.7 1.1 94 5YR 4/3d
5-25 60 79.6 6.3 ]4.1 5.5 1.3 2.3 0.6 0.5 52 Reddish brown
5YR 4/3d
25 80 79.7 6.9 13.4 5.7 1.3 2.2 0.4 0.5 52 Reddish brown
5YR 4/3d
0-5 36 73.1 9.7 17.2 5.8 7.4 12.7 2.3 1.2 257 Dark red. brown
. L] . L] . . . . 5YR 4/3d
Dark red. brown
5-25 51 77.3 7.5 15.2 5.4 5.7 9.8 0.8 0.3 164 5YR 3/3d
25 51 78.4 7.0 14.5 5.7 2.7 4.7 0.4 0.1 115 Reddish brown
5YR 4/4d
Brownish black
0-5 50 71.4 12.8 15.8 5.4 15.4 26.5 5.4 10.7 355 7.5YR 3/2d
5-20 57 72.8 8.6 18.6 5.3 3.3 5.8 0.9 0.2 34 Brown
7.5YR 4/3d
20 61 74.8 11.2 14.0 5.4 1.4 2.4 0.5 0.4 26 Dull brown

7.5YR 5/3d

_92_
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carbon. Organic matter decreased with depth, most dramatically in the Hurri-
cane Hill soils. Surficial samples at Hurricane Hill had twice (27%) the
organic matter content of those of Klahhane meadow soils (13%), while the
latter had 4 times the content of the inorganic wallow soils (3%) (Table 10).
A11 soils were similar in organic matter content of the lowest layer. Inceas-
ed organic matter/carbon distinctly influences soil properties by increasing
water-holding capacity, holding more nutrients in forms available to plants,
stabilizing the soil structure, and enhancing soil aeration and the amount of
exchangeable bases (Broadbent 1965). Organic matter also darkens the soil
which can increase surficial soil tempatures, particularly because organic
matter is a poor conductor of heat (Geiger 1950).

Soil reaction showed very little variation among these soils at any
depth (Table 10). These pH values are not so extreme to make essential micro-
nutrients unavailable to root absorption (Brady 1974).

The other major distinguishing characteristic was soil nutrient content,
which uniformly decreased with soil depth. Available nitrogen (nitrate) rang-
ed from 5.4 ppm in Hurricane soils to 1.7 ppm in wallow soils. Total P and K
followed the same pattern with greatest concentrations in the top layer of the
Hurricane Hill soil. Soil nitrate content was highly and positively correlat-
ed with organic matter/carbon at r2=,92, Total phosphorus and total potas-
sium had similar high correlations with soil organic matter/carbon
(r2=.83,.95) (Table 10). The decrease in phosphorus with soil depth is
contrary to those of Kuramoto and Bliss (1970) for available phosphorus in
similar soils. Potassium decrease with depth concurs with the results of
Nimlos and McConnell (1965) working with Montana alpine soils. Both P and K

are probably held in forms largely unavailable to plant uptake. On the aver-
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age, less than 0.5% of the total soil content of these two nutrients is avail-
able in humid, temperate soils (Brady 1974).

In summary, the principal differences in these soils are the result of
goat activities and parent material differences. Goat activities remove plant
cover which enhances soil erosion, causing the loss of the organic topsoil.
The resulting soil has better drainage and aeration but is less able to hold
nutrients and to stabilize the ground surface. The soil also provides less
stability and nutrients needed for plant regeneration.

Parent material appears to be the distinguishing factor between soils of
Hurricane Hill and Klahhane Ridge. Basaltic soils are high in iron and magne-
sium and are usually less acidic (Buol et al. 1973). Analyses of basaltic
soils of similar plant communities showed that they were high in calcium and
magnesium (Kuramoto and Bliss 1970). This initial increase in nutrients may
explain the more dense plant cover on Hurricane Hill, while the more dense
cover itself may explain the increased contents of organic matter, N, P, and

K.

Mountain Goat Wallow Dynamics
METHODS

Surveys of Selected Wallows

Several of the wallows in the Phlox-fescue meadow on Klahhane Ridge were
marked in 1976 (by Olmsted), measured in 1978 and 1979 (by Pike), and remea-
sured in 1979 (by Pike) and 1980 (by Pike and Harter) to detect changes in
size. Measurements were taken with a meter tape of the length, width and
depth of the wallows proper and the outwash scree below the wallows, and areas

and volumes calculated (see Driver et al. 1979 for methodology). Measurements
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(see Appendix B-1) appeared to be highly subjective necessitating a more de-
tailed and consistent method of wallow survey.

Eight wallows were chosen for level-surveys at cross-sections from bench-
marks to provide an accurate estimate of volumes of material removed which may
be extrapolated to rates given repeated surveys or use of historic photo-
graphs. Active wallows with distinct boundaries were selected encompassing a
range of sizes and including one small wallow totally excluded from current
goat usage and the largest wallow identifiable on Klahhane (I.0.#86), also
partially excluded.

Benchmark stakes (1.22 m X 0.95 cm dia. reinforcing rod driven approxi-
mately 1 m into the ground, spray painted red, and tagged SW#l- SW#8) were
positioned several meters up slope from the center line of each wallow. A
meter tape was stretched from the benchmark down slope along the center line
and the compass heading determined for future orientation. Cross-section pro-
files were measured using a tripod-mounted level at various locations along
the center line including at the benchmark, in the undisturbed meadow above
and below the current wallow, and at a number of sites in the wallow proper or
wallow outwash. Cross-sections were located wherever the dimensions of the
wallow appeared to change appreciably. At each cross-section, a second tape
was stretched out perpendicular to the center-line tape. Surface heights were
measured at various distances along this tape extending from the center line
of the wallow to the east and west into the meadow. Current wallow boundaries
and vegetation within the wallows were noted. The cross-sections were graph-
ed, areas determined by planimetry, and the average net change in area between
adjacent cross-sections multiplied by the distance between them to determine

net volume of erosion or deposition.
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The eight wallows were originally surveyed in mid-summer 1980 (SW#6 and
#7 were surveyed from one bench mark). Surveyed wallows #1 and #2 were resur-
veyed in 1981 at which time the down slope meadow cross-section (at the end of
the center line) was also marked with a stake. Field-survey data and graph

cross-sections are included in Appendix B-2.

Surficial Particle Movement in Wallows

Tracer material was used to monitor surficial particle movement in the
wallows due to natural erosion and current mountain goat disturbance. The
“tracer" consisted of several colors of aquarium gravel (3.7 + 0.3 mm dia., X
+CI.95) that approximated the average particle size in the wallows and did not
appear to be attractive to the goats.

Lines of gravel approximately 1 cm in width and 1 m in length were placed
across the width of the wallow proper or wallow outwash in six of the surveyed
wallows (SW #1, #2, #5 - 8). Four Tlines were placed across each wallow
(except in SW #5) including two in the wallow proper and two in the wallow
outwash. Due to the large size of SW#5, five lines were utilized each con-
sisting of two or three segments and covering both the sides and center zones
of the wallow. In SW #5, one of the lines was located within the exclosure at
the top of the wallow and was thus excluded from goat disturbance and another
line was immediately above the exclosure where anchor wires to the exclosure's
corner posts partially restricted goat movement. A line was also placed on
the slope contour in the relatively undisturbed meadow adjacent to each marked
wallow.

Gravel lines were marked with pins at each end such that a meter tape
could be stretched along the line and disturbance measured to 1 cm intervals.

Lines were initially marked in late-summer 1980 and were subsequently sampled
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on two dates in the fall of 1980 and 11 dates during the snow-free season of
1981. Data recorded on each sampling date included line disturbance, maximum
distance of down slope movement, and average distance of down slope movement.
In addition, notes were taken concerning the apparent cause of disturbance in-
cluding if the line was covered by wallow particles that moved down slope from
above or if the colored gravel was actually displaced downslope, and if dis-
placement appeared to be due to water, needle ice, or mountain goats.

Barriers were installed within wallows to collect material eroded down
slope and to provide information on rates of wallow enlargement to supplement
the more qualitative data from marked gravel ines or the long-term data from
level surveys. Surficial material within wallows is probably moving at
different rates and all is not moving uniformly down slope; accumulatioins
along the edges of the wallow outwash indicate some lateral movement. How-
ever, the parallel sides of the outwash and the narrower width of the outwash
compared to the wallow proper indicate that displacement is primarily down
slope. A barrier across the outwash near the base should show the net move-
ment of material downward and out of the wallow/outwash complex.

Barriers were installed near the base of the outwash in surveyed wallows
#1, 2, 5, 7, and 8. Two other barriers were placed in SW #5 including one
near the true left (east) side of the wallow proper and one in the center of
the wallow outwash. A barrier was also placed in a disturbed meadow location;
0.5 m below the bottom rod pairs at rod placement site C-3 where ca. 45% of
the surface was bare ground.

Installations were originally made in October 1980 but subsequent snow-
creep damage over winter destroyed all the placements (except in SW# 2) and
necessitated barrier redesign to reduce the exposed area. Barriers were func-
tional as of late-summer 1982. Barriers consist of a "box" (constructed from

1 mm thick aluminum), open on the front and top and positioned level with the
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slope (see accompanying 35 mm slides). Barriers are 1 m in width, 0.5 m in
depth, 0.25 m in height along the sides and back, have a 15 cm lip on the
front that projects downward into the slope, and are rigidly held in position
by stakes along the sides and back. A number of small holes across the back
allows water to drain without appreciable loss of sediment. They are designed
for a minimum of maintenance or sampling difficulties. Sampling should be
conducted in the spring and fall, and possibly at intervals during the snow-
free season. Material within the 0.5 m2 collection area is removed (up to
the front edge of the barrier), air dried, sieved, weighed, and converted to
volume (2.7 g/cm3). Total displacement at the barrier location can be cal-

culated from the ratio of wallow width to barrier width.

RESULTS

The most obvious example of mountain goat disturbance is the dusting
wallow where the soil surface has been churned and surficial material displac-
ed downslope. Although a large number of wallows in an area generally indi-
cates a relatively high goat population density and/or frequent use of these
sites, it is difficult to relate goat numbers and habitat usage to wallow num-
bers. Wallows can occur anywhere in prime goat habitat and have few environ-
mental correlates other than the presence of a fine-grained soil mantle which
implies a relatively stable surface. They are found in areas that goats
utilize frequently and are thus more common at higher elevations, close to
rock outcrops, and on relatively steep slopes. They appear to be more common
on sedimentary substrates that weather to a fine-grained soil, but are also
found where pockets of fines have accumulated on basaltic substrates. They
are generally not found on steep scree slopes due to surface instability, but

again there are exceptions related to microtopography and the accumulation of
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fines. Although they can occur in any plant community type, they are most
common in Phlox-fescue meadows because of surface material correlates, and
least common in communities of low elevation or late snow release.

Wallows occur throughout the higher elevation areas of Klahhane Ridge.
They are numerous in the Phlox-fescue meadows of the south-facing slopes, and
are very conspicuous in this habitat because of the openness and homogeneity
of the vegetation. They are also found on scree slopes of finer-grained
material such as areas on the west side of Mt. Angeles, and at lower eleva-
tions in the north-facing cirque including a relatively lush meadow by the
“waterfall." A number of very large wallows are found in a Phlox-fescue/
Lupine-sedge meadow of northeast aspect directly north of "First Divide."
This area is heavily utilized by goats during the hot periods of mid-summer.
Wallows are found at a number of relatively flat locations along the ridge top
including at the "blowout" near Rocky Peak, a site of anthropogenic origin
that is maintained by wind ablation, and in heather communities of north
aspect at "Ingrid's Meadow." They are common on all slopes and benches of
slide rock around Rocky Peak.

Wallows are abundant in the exteénsive south-facing, Phlox-fescue meadow
on Klahhane Ridge due to intensive utilization by mountain goats and the
fine-grained substrate. Over 70 wallows of >1 m2 area occur in this meadow
(Pfitsch 1981) encompassing ca. 7% of the surface area (Table 2). The wallows
vary in size from small areas inseparable from intensively trampled microsites
(thus the arbitrary 1 mZ minimum area) to larger areas that are clearly dis-
tinguishable on satellite (E.R.T.S. or Landsat) photographs.

Wallows typically consist of an upper zone of erosion (the wallow proper)
and a lower zone (the wallow outwash) disturbed by material eroded from above.

The upper zone is an intensively disturbed depressional area of fine-grained
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material where the surface soil horizons have been removed. The wallow proper
usually has well defined top and side boundaries and is the site of most fre-
quent mountain goat wallowing. The lower zone is usually an area of deposi-
tion of fine soil and scree. The outwash material may form a prominent, con-
vex debris lobe on top of the original meadow surface or simply spread dif-
fusely throughout the down-slope vegetation. The outwash zone may also be an
area of net erosion depending on the slope and microtopography of the surface.
Where appreciable accumulations of outwash material are present, they may also
be utilized by goats for wallowing. Delineation of the boundaries of the
lower zone and thus of the total wallow complex is often subjective.
Meter-tape surveys of thirty wallows in this Phlox-fescue meadow were
conducted over three years (1978 - 1980) but failed to provide any meaningful
data on rates of wallow change. Calculated areas and volumes of the wallows
proper increased between 1978 and 1979 but decreased in 1980, while outwash
areas increased in both years (see Appendix B-1). The calculated absolute
change 1in size of individual wallows between years was as great as three
orders of magnitude. Observations suggest this is highly improbable and
simply a result of.between-year inconsistencies in delineation of wallow
boundaries. However, some of the measurement and observational data are of
more value. The mean slope of the wallow outwash is ca. 31° which is essenti-
ally the same as the undisturbed meadow. The mean slope of the wallow proper
is only ca. 22°, due in part to the frequent initial establishment of wallows
in terraced siteé as well as to the wallowing process itself. OQutwash materi-
al may be eroded down slope many meters below the bottom of the wallow com-
plex. Many larger wallows appear to derive from the coalescence of a number
of smaller disturbed sites. Many of the wallows initially marked in 1976 and

last measured in 1980 appear to have little use and to be revegetating. Goat



-35-
usage of individual small wallows may be less frequent than that of the larger
wallow complexes.

The areas and volumes of the eight wallows surveyed from bench marks are
presented in Table 11. The wallow complexes sampled range in size from ca. 3
m2 to 230 m? active surface area. The total meadow area disturbed by the
wallow complexes exceeds these reported values because some outwash margins
show evidence of revegetation. There is no consistent relationship between
the surface area of the wallow proper and that of the wallow outwash. The
outwash may extend over a larger or smaller area than the wallow proper de-
pending upon slope contour. The volume of wallow outwash generally does not
account for the volume of material eroded from the wallow proper. This indi-
cates that much of the eroded material is lost from the general proximity of
the wallow either through ablation or widespread dispersal throughout the
down-slope vegetation.

Two wallows (SW#l and 2) were resurveyed in 1981 using a different survey
crew than with the original to detect limitations of the technique. Observa-
tions suggested that the wallows had changed little in overall dimensions
betwgen the years. Relative heights of the center line points at each cross-
section location varied by ca. + 0.03 m between the surveys, with a maximum
difference of 0.11 m (see Appendix B-2). A slight deviation from the center
line compass heading could explain these differences. The survey points along
the cross sections often deviated as much as 0.25 m indicating a skew from
perpendicular of the cross section. Despite these apparently large differ-
ences, volumes calculated for either the wallow proper or wallow outwash
differed by 0.05 m3 between the surveys, suggesting that cross-sectional
areas can be more accurately determined. These wallow volumes are based on

subjective estimates of the position of the original meadow surface. Since
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Table 11. Summary of surfac? areas and volumes of material displaced in
surveyed wallows.

Surface Area (m2)2 Volume of Material3
Displaced (m3)

Wallow Wallow Wallow Wallow Wallow WalTow

Wallow Number Proper Qutwash  Complex Proper  Outwash Complex
SW#l (1.0.#169)

1980 Survey 8.07 4.20 12.27 -1.21 +0.01 -1.20

1981 ReSurvey --- - --- -1.17 +0.01 -1.16
SW#2 (1.0.#34)

1980 Survey 3.63 6.34 9.97 -0.30 -0.04 -0.34

1981 ReSurvey - - --- -0.29 +0.01 -0.28

SW#3 (1.0.#166) 2.47 4.61 7.08 -0.30 -0.26 -0.56

SW#4 1.91 1.50 3.41 -0.26 -0.10 -0.36

SW#5 (I.0.#86) |123.21 107.26 230.47 -34.48 +37.43 +2.95

SW#6 (1.0.#27) 5.03 6.18 11.21 -0.56 +0.26 -0.30

SW#7 (1.0.#26) 17.93 25.80 43.73 -3.38 +1.17 -2.21

SW#8 3.08 11.84 14.92 -0.84 +0.36 -0.48

1. See Appendix B-3 for cross-sections and B-4 and B-5 for calculations.

2. Based on current area (enclosed vegetation excluded) rather than subjective
estimates of original boundaries.

3. Based on subjective estimates of original boundaries as suggested by
cross-sectional topography.
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this may vary with subsequent surveyors or erosion, it appears desirable to
more clearly delineate the ends of the center and cross-section lines with
additional benchmark stakes at the time of the next survey to allow more pre-
cise relocation of survey points.

The gravel-line transects provide a comparison of the magnitude and sea-
sonality of erosion in the wallow complexes with that of adjacent vegetated
meadow sites. Figure 4 summarizes the data from the six wallow and meadow
locations, while Fig. 5 separates the various lines in one wallow complex
(SW#5). Surface material is more readily displaced in the wallows than in the
meadow at all times of the year. Erosion is slightly greater in the wallow
outwash than in the wallow proper, probably due to the difference in slope of
the two. Heavy precipitation, needle ice activity, and runoff from snow melt
result in nearly 100% surface disturbance in the wallows during the spring and
fall months. Although it was not possible to quantitatively separate the ero-
sion due directly to mountain goats from these other causes, goats were impli-
cated at all times during the snow-free season. Goat disturbance invariably
resulted in considerable spatial displacement of surface particles while rain
drop splash, surface flow, and needle ice tended to move particles only a-
small disténce. The maximum distance that particles moved from the one ex-
closed line in SW#5 was <2 m. Continuous wallow disturbance by goats result-
ed, by the end of the study, in unexclosed tracer material being displaced up
to 18 m down slope, i.e. to the bottom of the wallow complexes or even into
the downslope vegetation.

The information collected from the barrier installations is limited due
to their delayed functional operation, but trends are suggested. Data are
presented for most wallows for a seven week period in late-summer, 1982, and

for one wallow (SW#2) for a 11 month over-winter period (1981-1982) (Table
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Figure 4. Mean (+ 95% C.I.) percent line disturbance in six
wallow and meadow locations between August, 1980,
and October, 1981, on Klahhane Ridge.
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Figure 5. Line disturbance in one wallow (SW #5) between August, 1980, and Octobter
1981, on Klahhane Ridge.
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12). The actual mass of material collected in the wallow barriers (with one
exception as noted below) was similar and not directly related to the area of
the wallow complex above the barrier, although the values extrapolated to
wallow width at the barrier locations obviously depend upon wallow dimensions.
The small amount of material collected in the mid-barrier of SW#5 reflects the
less-steep slope at this placement. Most of the material moving downslope in
either the wallows or the disturbed meadow is of larger particle sizes (>2
mm). Relatively little material is moving in the meadow in comparison to the
wallows, even when adjustments are made for differences in sampling periods
and the bareness of the surface. The material displaced from SW#2 during the
11 month measurement period was 1.3 X 10-3 m3 which would require ca.
240 years to remove the 0.34 m3 from the wallow complex (1980 survey),
assuming uniform erosion rates. This Tlimited data grossly overestimates
wallow age which is more likely in the range of 10 - 15 years. It is probable
that erosion rates are not constant throughout the existence of a wallow. It
must be stressed that the usefullness of these barriers was directed at and

will depend upon a continuous monitoring program.

SUMMARY

The dramatic growth of the mountain goat population in Olympic National
Park during the last 20 years has resulted in soil degradation in localized
areas of high goat density. Current conditions on Klahhane Ridge indicate a
trend towards increasing soil erosion and habitat destruction and provide a
model of future conditions for other areas of the Park subject to increasing
concentrations of goats. Soils of prime goat habitat show poor development
and stability primarily due to steep slopes. Disturbance readily results in

erosion of the finer textured and organic matter enriched surface horizons.
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Table 12. Site characteristics of barrier installations and material collected
over sampling intervals.
Material Collected Between Dates
X/23/81 VII1I/28/82 VII1/23/82
to to to
Area of I1X/17/82 IX/17/82 I1X/17/82
Wallow Wallow ‘Actual % Actual 4 ActuaTl %
Complex Width at Adj. to kK2mm | Adj. to | <2mm |Ad]. to | <2mm
Barrier above barrier Wallow Wallow Wallow
Location barrier (m) Width Width Width
(m¢) (g) (9) (9)
SW #1 10.66 1.40 -—- -—- 1277 11.4| --- S
1788
SW #2 9.56 1.40 2379 17.  --- --- --- ---
33317
SW #5(top)59.47 7.10 --- --- 1346 11.7 | --- -—-
9558
(mid)138.99 6.30 -—-- -—- 439 16.7 | --- ---
(bottom) 228.50 2.80 -—-- --- 1149 10.5| --- ---
3216
SW #7 39.68 2.70 -—- --- 1330 13.1] --- ---
3590
SW #8 10.44 1.60 -—- -—- 1560 3.6 | --- ---
24896
Meadow (45% Bare) --- --- --- --- 92 16.3
below Rod Set
C-3
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Disturbed sites experience severe microenvironments and significant levels of
soil drought during the summer months, which combined with needle ice activity
in spring and fall restricts rapid revegetation.

An extensive Phlox-fescue meadow on Klahhane Ridge frequently utilized by
mountain goats had reduced cover of vascular plants and cryptogams compared to
a similar "control" meadow with little goat usage on Tyler Peak. Trampling
was the dominant form of disturbance resulting in increased sheetwash erosion
and large (>2 mm) particle displacement in direct proportion to the amount of
bare mineral soil. Disturbance due to wallowing was more obvious and locally
destructive resulting in rapid soil erosion and small gully formation. Perma-
nent plots will allow monitoring of soil loss due to trampling and wallowing

in this meadow.

Meadow Sheetwash Erosion
METHODS
Two approaches were used to measure sheetwash erosion in the extensive,
Phlox-fescue meadow on Klahhane Ridge: permanent rod placements for use with a
pin-drop sampling bar (Mueller-Dombois & Ellenberg 1974) and collection
troughs for accumulating runoff and eroded soil from enclosed plots (Gerlach
1967, Dunne 1977).

Permanent Rod Placements

Rod placement plots were established at six locations in the meadow (Fig.
6 map) including one each in the 10 X 10 m northwest and northeast meadow ex-
closures. Each plot consists of a series of five pairs of rods (1.22 m long X
0.95 cm dia. reinforcing rod) driven approximately 1 m into the ground to
avoid dislodgement and spaced at 1.5 m intervals downslope below a ca. 20 cm

high aluminum barrier (Fig. 7 schematic). The barrier, 3 m in width and ex-
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Figure 7. Schematic diagram of rod placement plots for soil erosion studies
Klahhane Ridge. ’
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tending 1 m to each side of the rod placments, is used to standardize up slope
“fetch" and overland flow since plots are located at varying distances down
slope from the ridge crest. Paired rods are oriented on the slope contour
such that a specially designed sampling bar (see accompanying 35 mm slides)
can be repeatedly and solidly positioned on the rods. Rods are spray painted
red or orange and plots identified by aluminum tags (C-1 through C-6) attached
to the top left (facing up slope) or northwest corner rod.

The sampling bar has a series of ten holes drilled at 10 cm intervals

through which a small pin (4.5 mm dia. brass brazing rod) is lowered to the
ground surface to detect changes in relative ground surface height. Thus,
each placement (plot) consists of a series of 50 pin "hits" on the surface.
Placements were sampled in late August 1982 using a 25.00 cm pin and recording
the vertical projections of the pin above the bar. Future lowering of the
ground surface will reduce this vertical projection distance. Use of this
particular length of pin is not critical but pin length must be accurately
known and indicated with the sampling data. Sampling techniques are critical
and outlined in more detail in Appendix A. |

The surface material at the pin-drop point was classified using a combin-
ation letter/number designation primarily for ease in relocating point posi-
tion and interpreting surface change. The vegetation was sampled at each plot
location to allow future correlation of surface change to plant cover. One
third of the area above each rod pair was sampled in a stratified random
fashion using a 0.5 X 1.0m quadrant frame. Canopy projection cover of the
different physiognomic categories of vegetation was estimated to the nearest
5% if >5%, to 1% if between 1 - 5%, or Tr. if <1%; summations of total cover
estimates equal 100 + 5%. Categories sampled include cushion plants and

shrubs (including juniper), graminoids, forbs, cryptogams, and bare surface.
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Similar sampling was conducted at each trough site as with the adjacent
permanent rod placements. The vegetation cover within the entire enclosed
plot was estimated and samples collected of surface material adjacent to the
plot for particle size determinations. Three pairs of rods for use with the
pin-drop sampling bar were installed at each enclosed plot, and the relative
surface height and nature of surface material at the 30 pin "hits" within the
plot recorded. The vegetation and pin-drop sampling data, dimensions of
trough enclosures, and physical parameters at the placement sites are listed

in Appendix A.

RESULTS

The permanent rod placements and collection trough plots are designed for
a future monitoring program by the staff of Olympic National Park. Base-line
data were collected from each installation (Appendix A) and erosion measured
at the trough enclosures over a 24 d period. Observations on the effective-
ness of these methods and some preliminary results will be discussed.

A number of factors influence sheetwash erosion and overland flow in the
meadow on Klahhane Ridge including characteristics of the vegetation (physiog-
nomy, cover, thickness of the root mat), soils (particle size and density of
soil material at the surface and in surface horizons, percentage of fine
organic matter, pre-existing soil moisture content, surface compaction, infil-
tration capacity), slope (degree, aspect, microtopography), and climate
(periodicity, intensity, and form of precipitation, needle ice activity). The
activity of mountain goats is but another factor in an already complex system.
Moreover, goat disturbance itself is complex and modifies natural slope ero-
sion indirectly through subtle changes to many of the above factors as well as

directly through physical displacement of surface material. Predictions of
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runoff and erosion even in a more simple system, involve rigorous statistical
analyses with a large number of vegetation and soil parameters (Selby and
Hoskins 1971). Although the six rod placements and enclosed plots include two
from which goats are excluded, goat disturbance varies spatially and tempor-
ally, and this is a very small sample of a large and heterogenous meadow. Due
to system complexity, it is probably not possible even if logistically feasi-
ble to separate the erosion due directly to mountain goats from that resulting
due to natural processes. Therefore, the approach used here is to relate
sheetwash erosion to factors that are presumed to have been modified by moun-
tain goats rather than relate it directly to goat usage of the meadow. The
underlying assumption is that goats have reduced the plant cover in the meadow
(primarily through trampling) and if erosion can be shown to be correlated
with the amount of bare surfaces, then it is also related to mountain goat
disturbance (although not on a goat-use basis).

The rod placement plots provide a means of monitoring the relative height
of 50 surface points at six different locations in the meadow. Only one set
of measurement data are presented (Appendix A) against which future measure-
ments will be referenced. Rates of surface change are unknown but it is con-
ceivable that several years of monitoring may be necessary to detect differ-
ences. A limitation of the method is apparent; in the highly improbable
instance of uniform mass movement downslope, each point would experience
material movement but no net change in relative surface height. A more likely
scenario is that some surface points will loose material, others will gain,
and many will remain unchanged. Although the data from future samplings can
be analyzed with respect to direction of change, it may be more meaningful
just to consider the net change of the surface regardless of direction as an

indication of the amount of material displaced downslope.
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The rod placements and collection troughs were located at sites of vary-
ing slopes (27 - 33°), particle size of surface material (ca. 30 - 80% <2mm
fraction), and percentage of bare ground at surface (5-90%). Sites were
chosen to provide a wide range in the latter, from areas of relatively intact
meadow to areas of heavy goat disturbance.

Sediment and runoff from the trough enclosures for a 24 day period in
late summer 1982 (see Appendix A-7) suggest that slope erosion due to overland
flow is inversely related to plant cover. The sediment collected in the
troughs varied from <1 g/m2 to >600 g/m?2 and was greatest at the site with
the highest percentage of bare surface (Fig. 8). The linear regression line
is the "best fit" for this limited data set but may not represent the true
relationship. Runoff from the enclosed plots varied from <1% to >18% of the
precipitation received and was not correlated with the percentage of bare sur-
faces or with sediment yield. The high proportion of coarse material in the
sediment samples and the high sediment yield at the site with lowest runoff
indicate that overland flow contributes to erosion by disloging if not actual-
ly transporting large sized material.

Slope erosion and overland f]ow has been intensively studied in labora-
tory simulations and with controlled experiments on agricultural plots or on
water sheds subjected to various management regimes (El1lison 1945, Meyer and
Monke 1965, Emmett 1970). Dingwall (1972) studied erosion on a 28° alpine
debris slope using collection troughs similar to those used on Klahhane. He
found that runoff, rainfall, and sediment yield were correlated but there was
no relationship between runoff and rainfall intensity due to the high infil-
tration rates of the surface. Pre-existing soil moisture appeared to be the
most important factor controlling runoff. The greatest sediment yields were

measured in early-summer when the surface was saturated with melt waters and
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Figure 8. Regression of both sediment and runoff co]]ectgd in troughs and percent
bare surface in soil erosion plots, Klahhane Ridge.
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disturbed by freeze-thaw cycles. The eroded sediments had a greater propor-
tion of finer grained material than the surficial debris indicating that finer
fractions are selectively washed out. From his results it can be hypothesized
that the Klahhane meadow is most susceptible to erosion in early and late-
summer. Since this coincides with the period of most intensive utilization by
mountain goats, it is suggested that goat activities play a major role in

surface stability of this habitat.

Soil Moisture
METHODS

Soil moisture was determined gravimetrically at weekly or biweekly inter-
vals during the summer of 1981 in the Phlox-fescue meadow. Samples were col-
lected at 0-5 cm, 5-15 cm, and >15 cm depth in five replicates of six meadow
microsites including vegetated meadow (dense vascular plant canopy and only
slightly disturbed), disturbed meadow (bare), wallow proper center (bare),
wallow proper margin (sparsely vegetated). The percent soil moisture was de-
termined at -0.03 MPa (field capacity), -0.1 MPa, -0.3 MPa, and -1.5 MPa (per-
manent wilting point) soil matric potentials (Ysoil) on the <2 mm fraction of
bJ}k samples collected from each horizon and sample site using a ceramic pres-
sure plate apparatus (Soil Moisture Equipment Co., Santa Barbara, California).
The shape of the desorption curves allowed ‘Vsoil to be estimated to much

lower values with reasonable reliability. The percent soil moisture available

between -0.03 MPa and -1.5 MPa was calculated for each horizon as follows:
% Available H20 % H20 @ -0.03 MPa % H20 @ -1.5 MPa % <2 mm

in Horizon (2 mm fraction) (2 mm fraction) in Horizon
100
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This provides a standard means for comparing the water availability of micro-
sites, although the soil moisture actually "available" to different plant taxa
depends on their respective physiological tolerances and may differ from these

conventional limits.

RESULTS AND DISCUSSION

Disturbance by mountain goats in the meadow did not appreciably change
the moisture regime or water holding capabilities of the soil although trends
are indicated. The primary effect of goat-induced disturbance is a loss of
topsoil with its higher concentration of organic matter and fine-grained par-
ticles. The surface horizons (0-5 cm and 5-15 cm depth) of the vegetated mea-
dow soil had a greater proportion of fines (<2 mm fraction), more water avail-
able between field capacity (-0.03 MPa) and permanent wilting point (-1.5
MPa), and thus a greater amount of "available" water than the disturbed micro-
sites (Table 13). Also, the undisturbed meadow soils showed a decrease in
these parameters with depth, whereas the disturbed microsites were more uni-
form. Although these differences were generally not significant due to micro-
site variability, the indicated trends may be of importance relative to plant
establishment and growth in vegetated versus disturbed microsites.

The maritime climate of the Olympic Mountains results in the deep accumu-
lation of snow during winter at high elevations which, combined with frequent
spring precipitation, tends to maintain high soil moisture contents in most
subalpine and alpine sites until mid-summer which can result in soil moisture
stress in exposed, well-drained sites.

During the summer of 1981, soil moisture in the Phlox-fescue meadow
remained high until late-July (Fig. 9) and then declined during a period of

>40 days without measurable precipitation (see Microclimate Section). Micro-
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Table 13. Physical properties of soils from six microsites in the extensive
phlox-fescue meadow on Klahhane Ridge. CI 95fare indicated.

Soil Moisture (%)

Location <2 mm 0.03 MPa 1.50 MPa Available in
Fraction (%) Horizon (%)
0 - 5 cm Depth
Meadow
Vegetated 57.0 + 13.2 35.2 + 5.6 21.5 + 3.1 8.8 + 3.7
Disturbed 54.7 + 14.1 27.7 + 2.0 15.9 + 1.9 6.6 + 3.5
Wallow Proper :
Center 55.2 + 4.9 22.7 + 4.6 12.0 + 1.7 8.9 + 1.9
Margin 53.7 + 15.7 23.5 + 4.7 12.5 + 2.8 5.9 + 2.6
Wallow Outwash
Center 50.6 + 11.0 23.3 + 4.9 11.8 + 2.2 5.8 + 1.9
Margin 54.2 + 6.6 23.7 + 4.8 11.8 + 1.5 6.5 + 2.5
5 - 15 cm Depth
Meadow
Vegetated 58.0 + 6.0 28.9 + 4.4 16.6 + 2.6 7.2+ 2.3
Disturbed 52.2 + 8.7 27.4 + 2.2 16.0 + 1.0 6.0 + 2.1
Wallow Proper
Center 49.8 + 12.4 23.7 + 4.3 13.0 + 2.4 5.2 + 0.7
Margin 54.8 + 4.8 24.1 + 4.6 13.2 + 3.0 6.0 + 1.9
Wallow Outwash
Center 47.7 + 9.8 25.7 + 2.6 13.6 + 1.0 5.8 + 2.1
Margin 41.6 + 22.0 23.5 + 4.8 14.6 + 4.2 4.4 + 3.2
> 15 cm Depth
Meadow
Vegetated 45.1 + 17.3 26.5 + 6.0 15.8 + 2.3 4.7 + 2.6
Disturbed 44.8 + 11.7 25.0 + 4.3 14.4 + 1.1 4.8 + 2.4
Wallow Proper
Center 42.8 + 23.6 23.6 + 4.1 12.5 + 2.6 4.7 + 3.4
Margin 48.3 + 9.5 24.1 + 3.4 13.2 + 2.7 5.2 + 1.1
Wallow Qutwash
Center 47.3 + 11.2 25.0 + 1.6 13.4 + 0.8 5.6 + 2.0

~

Margin 45.5 + 15.5 24.3 + 4.5 13.4 + 1.9 5.1 + 2.
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Figure 9. Seasonal soil matric potential ( ¢oij) at six microsites in the extensive
Phlox-fescue meadow on Klahhane Ridge during the summer of 1981. Lines
connect the vegetated meadow and wallow margin microsites which were sampled
on each date; other microsites were sampled only on alterate dates.

C. I. 95 indicated by vertical bars.
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site variability resulted in few significant differences but trends are indi-
cated. The surface horizon (0-5 cm) of all microsites became very dry for a
three week period in August prior to the fall rains, and mean (Ysoil was esti-
mated at ca. -3.0 MPa with some individual samples estimated at <-10.0 MPa.
Most plants do not have the physiological ability to extract water in this
this range of “’soi] values. Greater soil moisture was found in the subsur-
face horizons of all microsites. However, even at 15 cm depth ‘esoil in the
vegetated meadow declined to <-1.5 MPa. Soil water at <5 cm depth was within
the range of plant availability in the disturbed meadow, wallow proper center,
wallow outwash center, and wallow outwash margin microsites throughout the
summer. Although destruction of the plant canopy by goat disturbance might be
expected to result in a lowered resistance to water loss from the soil surface
and thus a drier soil, it appears this is compensated for by reduced transpir-
ational losses from the profile. The driest microsites, particularly at <5 cm
depth, were the vegetated meadow and the wallow margin, microsites where in-
tact roots permeate the subsurface horizons resulting in depeletion of water

reserves.
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THE IMPACT OF MOUNTAIN GOATS UPON SUBALPINE PLANT COMMUNITIES, KLAHHANE RIDGE
W.A. Pfitsch
Introduction
The introduction of ungulates to new habitats has characteristically re-
sulted in an eruption of population levels followed by a decline attributed to
the degradation of the food resource by overgrazing (Caughley 1970). Mountain

goats (Oreamnos americanus) were introduced into the Olympic Mountains in the

lTate 1920's. The introduced population has grown and spread throughout the
alpine and subalpine areas of the Olympic Peninsula (Moorhead 1977). The cur-
rent population of 500 to 700 animals is concentrated in the mountainous areas
of Olympic National Park, where the goats have been protected from hunting
since 1938 (Stevens 1983).

The highest density of mountain goats occurs on Klahhane Ridge, an east-
west ridge in the Northwest part of Olympic National Park (47°59'30"N, 123°
27'30W). The ridge consists of steep rocky outcrops and unstable scree slopes
and meadows generally underlain by basalt, and relatively stable meadows with
sedimentary substrate. In 1980 approximately 180 goats shared a snow-free
(May to November) range of about 13 km2 (Stevens 1983). This concentration
of 14 goats/kmZ2 compares with figures of 2.8 and 0.5 goats/kmZ (Chadwick
1977; Singer 1975) for natural mountain goat populations in Glacier National
Park. Chadwick (1977) attributes the differences in goat density in Glacier
to the relative abundance of rocky terrain with the more gentle areas studied
by Singer (1975) supporting a lower density. Differential densities of moun-
tain goats occur in the Olympic Mountain as well, the abundance of animals in
an area is related to the availability of steep, rocky terrain for escape and
cover, open subalpine or alpine meadows for forage, and thermoregulatory habi-
tat, principally cool areas in which the goats can escape the summer heat

(Stevens 1979).
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Chadwick (1977) and Kuck (1977) propose that populations of mountain
goats are limited primarily by extrinsic abiotic factors, climate and primary
(geomorphic) succession. Biotic influences seem of secondary importance in
native populations. In an area such as Klahhane Ridge with concentrated popu-
lations of mountain goats, their food resource may be expected to be more im-
portant for maintaining population levels. Indeed, the animals in this popu-
lation exhibit several characteristics which are indicative of a population
limited by its food resource. The Klahhane goats are smaller than those in
other Olympic populations, they have a lower reproductive rate, the nannies
bear young at an older age, and nannies rarely bear twins in recent years
while twinning is quite common in other areas (Stevens 1982).

Despite this evidence that the overall health of the goats is possibly
suffering from a lack of high quality forage, classical indictions of over-
grazing, such as the prevalence of unpalatable species, are lacking. The most
obvious effect of the goats on their habitat has been the creation of dust
baths (wallows) which have subsequently become quite extensive. While wallows
are common, and the plant community is changed in their immediate vicinity,
they do not appreciably reduce the amount of forage available to the goats.

The goals of this study were the following: 1) to describe the plant
communities important in mountain goat habitat on Klahhane Ridge; 2) to deter-
mine the relative foraging intensity in each community; and 3) to determine
the annual net aboveground primary production of each community type, the
areal extent and hence the total net annual production of each commuity as an
estimate of the potential forage resource available to the goats during the
snow-free period. These factors can be used to help understand how possible
forage limitations during the snow-free period may contribute to the restric-

tion of mountain goat population levels on Klahhane Ridge. Finally, evidence
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will be presented as to how the mountain goat population pressure may be

changing the plant communities of Klahhane Ridge.

METHODS

The plant communities of Klahhane Ridge were surveyed in 1979, and 20,
10 x 10 m plots were located for floristic analysis, grazing and production
estimates. Areas were selected on the basis of uniform physiognomy and flor-
istic pattern with an intent to express the range of plant communities impor-
tant in mountain goat habitat. A1l measurements were made near the end of the
growing season when plant biomass was greatest. One plant community and two
habitat types important for the mountain goats on Klahhane Ridge were not
sampled in this study, a Saussaurea-forb meadow at lower elevations, forested
slops, and rocky outcrops. The latter two are presumed to contribute little
to the forage requirements of the goats due to the fact that 87% of Klahhane
Ridge mountain goat foraging time is spent on open meadows or scree slopes
(Stevens 1979). Estimates of plant production of the lower elevation Saus-
saurea-forb meadow used in total ridge forage estimates are from Kuramoto and
Bliss (1970).

A stratified random sampling procedure was employed in which one lmé
quadrat was randomly located in each of 10, 2 x 5m subplots. Total cover of
each species was visually estimated to the nearest 1%. Cluster analysis
(Clifford and Williams 1977) and polar ordination (Bray and Curtis 1957) were
used to help classify plots into community types and to interpret important
environmental trends influencing community pattern.

An estimate of grazing intensity was made for each species in each
quadrate: + indicating a tract of grazing; 1 that 1 to 25%; 2 that 26 to 50%;

3 that 51 to 75%; and 4 that 76 to 100% of the individuals of a species showed
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evidence of grazing. Two plots located near marmot dens where grazing due to
other large herbivores cannot be discounted as minimal have been excluded from
the grazing analyses. Grazing evidence is retained by most species for the
entire growing season, thus estimates made at the end of the season are assum-
ed to integrate grazing for the entire period. Two grazing parameters were
calcualted for each plot, the relative frequency of grazing and the average
grazing intensity. The relative frequency of grazing is the number of quad-
rats in which a species showed evidence of grazing, relative to the number of
quadrats in which the species occurred. The average grazing intensity is the
grazing estimate averaged for those plots with grazing not equal to O for each
species.

One 0.25m2 subquadrat was randomly selected in each Im2 quadrat for
production estimates. Herbaceous plants were clipped at ground level and the
material sorted to include only plant material produced that year. Samples
were dried at 54°C to constant weight and weighed to the nearest 0.1g. Cover

estiamtes for Phlox diffusa, a mat species which was not harvested, were

related to biomass by regression of biomass to area.

Exclosures (10 x 10m) paired with five vegetation p]ots“sampled in 1979
were constructed as soon as possible after snowmelt in 1980. -Production har-
vests were carried out within these exclosures at 3 or 4 times during the sum-
mer. Seven different stratified random 0.25m2 quadrats were harvested each
time. A1l plants were clipped at ground level, dried to a constant weight at
65°C and weighed.

A map of the plant communities of Klahhane Ridge was constructed with
reference to areal photos. The areal extent of communities was estimated by

cutting them out of a map and weighing, using paper weights of standard areas

as a reference.
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RESULTS
Plant Communities of Klahhane Ridge

Time of snowmelt with its associated moisture relations, and substrate
stability were found to be the most important environmental factors determin-
ing plant community distribution on Klahhane Ridge. Nine community types were
identified ranging from a windswept ridgetop fellfield with mat and cushion
plants that may be snow-free in March, to a variety of communities associated
with snowbeds that are not free from snow until mid-July (Heather, Late snow
sedge, Lupine-sedge). On a substrate stability gradient they range from com-
pletely stable sedge turf in late snow basins, through fairly steep (20° to
30°) but relatively stable south-facing meadows on sandstone substrate domi-
nated by mat plants and bunch grass (Phlox-fescue), to steeper (30° to 35°)
unstable herbaceous meadows, and very steep (35° to 40°) active scree slopes
generally on basaltic substrate (Table 14).

The environmental factors important in determining community composition
and distribution on Klahhane have been implicated as being important in other
subalpine regions of the Olympic Mountains. Kuramoto and Bliss (1970) found
air temperature and soil moisture to be the two most important environmental
factors in their general study of the snowmeit gradient considered important
on Klahhane. Belsky and del Moral (1982) and Sackett (1980) determined that
soil moisutre and substrate stability were the most important environmental
gradients at Deer Park. Canaday and Fonda (1974) found that plant community

patterns were related to the distribution of snowbanks and time of snow-melt.

Net Aboveground Primary Production
The net annual production of herbs (aboveground) for 1979 ranged from 20

g/m to more than 200 g/m in the different plant community types of Klahhane
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TABLE 14. General features of Klahhane Ridge plant communities.
Dominant
Community type Growth Dominant Snow-free Slope
Forms Species (Date) (*)
Phlox-fescue mat plants Phlox diffusa Early May 5 to 30
bunch grass Festuca idahoensis to June
Arenaria capillaris
Unstable herb large herbs Eriophyllum lanatum May to 30 to 36
Artemesia ludoviciana June
Phacelia hastada
Cirsium edule
HydrophylTum fendleri
Scree large herbs Senecio neowebsteri  June 35 to 40
Phacelia hastada
Delphinium glareosum
Heather shrubs Cassiope mertensiana June 10 to 15
Phyllodoce empetriformis
Late snow-sedge sedge mat Carex nigricans July 0
Carex spectabilis
Lupine-sedge large herbs Lupinus latifolius July 10 to 15
and sedge Carex spectabilis
Luetkea drainage mat plants Luetkea pectinata July 5 to 10
graminoids Carex spectabilis
Tall grass-herb graminoids - Carex spectabilis late June 10 to 20
large herbs numerous grasses
Cirsium edule
Arnica spp.
Ridge top fellfield cushion and Juniperus communis March to 20 to 30
mat plants PhTlox diffusa April

many "alpine" spp.
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Ridge (Table 15). Communities with more abundant summer soil moisture
(Lupine-sedge, Saussaurea-forb) have greater production than dry site communi-
ties (Phlox-fescue). Within the Phlox-fescue community type, production vari-
ed with time of snowmelt, with later melting areas having greater production.
The extremely short growing season (40 to 50 d) in late snowmelt areas limited
production (Late snow-sedge, Luetkea drainage, north-facing Scree) as does ex-
treme instability of substrate (Scree).

The Phlox-fescue community type with its extensive range on the south
side of Klahhane Ridge contributed nearly 60% of the total herbaceous produc-
tion that was available for mountain goat forage (Table 15). Unstable herb
communities occuring on both the north and south side of the ridge make up
about 15% of the total production, as do the lower elevation Saussaurea-forb
meadows. The remaining biomass is produced by meadows and scree slopes on the
north side of the ridge. Scree slopes make up more than 25% of the total non-

forested range, yet they contribute less than 10% of the total production.

Grazing Intensity by Area

The reygtive frequency of grazing calculated for each plot is an index of
the proportion of species in a plot that showed evidence of grazing. It has
been shown that as an area is subjected to more concentrated grazing pressure,
more species are taken (Harper 1977). The average intensity of grazing for a
plot is the proportion of the population of grazed species that had been graz-
ed at the sampling time. This may be considered as an overall measure of
grazing intensity if many species are grazed or as an indication of preference
for certain species if few are grazed.

South side stable Phlox-fescue and ridgetop fellfield meadows have rela-

tively low values for both grazing frequency and intensity (Table 16). Un-
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TABLE 15. Aboveground net production, areal extent, and total production
estimate for each plant community type on Klahhane Ridge.

Community Type Production Areal Extent Total Production
(g/m2,+ S.E) (m2) (kg)
Phlox-fescue 170 + 60 532,000 90,440
Unstable herb 160 + 70 151,000 24,192
Scree 40 + 40 298,700 11,948
Heather* 20 + 10 80,200 1,604
Late snow sedge 120 + 70 17,300 2,076
Lupine-sedge 220 + 50 8,700 1,914
Luetkea drainage 30 + 30 13,700 411
Tall grass-herb 110 + 40 8,500 935
Ridge top fellfield** - 36,000 -
Saussaurea forb*** 370 + 110 57,000 21,090

TOTAL 154,610

* Herbacous production only
** No production estimate

*** Kuramoto and Bliss (1970)
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TABLE 16. Mean grazing intensity and relative frequency for plots of the

north (N) and south (S) side of Klahhane Ridge.

Summer (July to

Aug.) Primary productivity for 5 enclosed plots in 1980.

Community type Plot # Side Mean Relative Productivity
Intensity Frequency (g/mz/d)
Phlox-fescue 1 S 0.7 0.26 0.29
2 S 0.6 .17 0.91
3 S 0.6 0.21
7 S 0.9 0.26
19 S 0.5 0.24
Unstable herb 5 S 1.5 0.45
11 N 1.5 0.51 1.97
12 N 1.3 0.53
20 S 1.6 0.60 1.77
Scree 8 N 1.8 0.33
9 N 1.5 0.46
10 N 1.9 0.48
Heather 16 N 0.3 0.12
Late snow sedge 17 N 1.0 0.44
Lupine-sedge 18 N 1.2 0.41
Luetkea drainage 15 N 2.4 0.18
Tall grass-herb 14 N 1.2 0.52 1.23
Ridge top fellfield 4 5 0.5 0.21
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stable herb meadows with similar plant cover and species density located on
the south and north side of the ridge received significantly higher (t-test
prob L.T. 0.05) values of grazing frequency and intensity. The other meadows
on the north side of the ridge all had high grazing frequency and intensity,
with the exception of Heather which had very low grazing values, indicating
low goat use of this community, and the Luetkea drainage which had very low
relative frequency but high grazing intensity, indicating heavy grazing on one

preferred species, Carex spectabilis.

There are no correlations between the net primary production of a site
and its grazing indexes. This points up the fact that biomass does not equal
forage utilization and that other factors play important roles in determining
where animals forage. Production estimates do provide an absolute measure of

the potential forage availability and will be used as such in this analysis.

DISCUSSION

The snow-free period (May to November) can be divided into three seasons
with respect to the areas used by the goats for foraging. The first area to
be snow-free on Klahhane is the windswept ridgetop from which snowmelt can be
as early as March. Mountain goats have been seen foraging on the ridgetop at
all tiems of the year (V. Stevens pers. comm.). Deep snow in other meadows
prohibits grazing. The southerly slopes of Klahhane Ridge become snow-free
from May to June. During this spring season, large numbers of goats return
from winter range and forage in the stable Phlox-fescue and Unstable herb mea-
dows on the south side. Deep snow continues to prevent access to areas on the
north side of the ridge although some of the east-facing unstable herb meadows

are snow-free by this time.
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As average temperatures rise and most areas lose their snow cover, the
goats spend more time on the northern side of the ridge. During the hot sum-
mer season (July to mid-August) little precipitation falls and the goats re-
strict their activities almost exclusively to the shelter of the north side of
the ridge, apparently for thermoregulatory reasons. Some animals do forage at
night on southerly slopes during the hot summer season, although this noctur-
nal activity is the exception rather than the rule.

With the onset of lower fall temperatures, generally accompanied by in-
creased precipitation (mid-August to November), the range of the goats in-
cludes the entire ridge. Selection of foraging by thermoregulatory con-
straints continues with goats using the south side in cool weather and the
north in hot (pers. obs).

The variability observed in grazing intensity may be explained by a com-
bination of the followig factors: 1) the distribution of available and high
quality forage in space and time; 2) preference for cooler exposures during
mid-summer; and 3) the proximity of meadows to rock outcrops used by the goats
for escape refuges. The highest graziﬁg frequency and intensity occurs in the
cooler meadows and scree slopes on the north side of Klahhane Ridge, which are
generally close to rocky outcrops or cliffs. The fact that snow melts off
many of these areas quite late in the summer ensures the presence of young,
newly expanding plant tissue that may be of highe<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>