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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/km? 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 

(Olmsted 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 largely 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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p a r t i c l e s i ze , slope angle, and the source of mater ial ( i . e . c l i f f s ) . Mineral 

s o i l mater ia l accumulates only in the more stable areas near the base of such 

s lopes. 

Subalpine meadow areas heavi ly u t i l i z e d by mountain goats include unsta

b le herb meadows on basal t ic substrates and more stable Phlox-fescue meadows 

on sedimentary substrates. On Klahhane Ridge, these meadow types const i tu te 

near ly 60% of the to ta l vegetated goat habi tat (excluding rock outcrops and 

forested areas) and produce nearly 75% of the t o ta l available goat forage 

( P f i t s c h 1981, t h i s r epo r t ) . Fine pa r t i c l es have accumulated in many of these 

meadows and inc ip ien t so i ls have developed. 

Mountain goat a c t i v i t i e s that resu l t in habi ta t disturbance, ranked in 

order of decreasing damage, include t rampl ing , wal lowing, bedding, and feeding 

(Olmsted 1976). The ef fec t of these a c t i v i t i e s on plant community composition 

selected endemic plant species, and plant regeneration are described by 

P f i t sch (1981), Pike (1981) and Reid (1983), respect ive ly . These a c t i v i t i e s 

vary temporal ly and s p a t i a l l y , but when concentrated due to high goat popula

t i o n dens i t ies or habi tat r e s t r i c t i o n s , resu l t in destruct ive changes to the 

environment. In habitats of low r e s i l i e n c y , these a c t i v i t i e s destroy the in 

t a c t vegetat ion cover resu l t ing in so i l displacement, accelerated loss through 

r i l l i n g and gu l ly ing or sheetwash eros ion, and destruct ion of an important 

resource. 

Most of th i s research on so i l disturbance was conducted in an extensive, 

south- fac ing Phlox-fescue meadow on Klahhane Ridge where goat exclosures had 

p rev ious ly been constructed and other studies were in progress. Research was 

concentrated in th i s area because: 1) the meadow is heavi ly u t i l i z e d by goats 

and shows a large amount of disturbance that is unequivocally i den t i f i ab le as 

goat induced; 2) the meadow so i ls are more s tab i l i zed 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 largely 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 o r i g i na l (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 a c t i v i t i e s by comparing the Klahhane s i t e with an area of 

" s i m i l a r " vegetat ion but low goat use. However, steep gradients in the Olym

pic Mountains complicate the select ion of comparable s i t e s . Tyler Peak, 

located j us t outside the northeast boundary of the Park, was chosen for com

parison sampling in the habi tat studies (see Pfitsch.-, 1981, th is repor t ; Pike 

1981, t h i s r e p o r t ) . Hurricane H i l l was used by Reid ( t h i s report) as another 

comparison s i t e of low goat densi ty. South-facing, Phlox-fescue meadows on 

Tyler and Hurricane H i l l are h ighly s imi lar to Klahhane (Table 1) . 

A measure of the percentage of disturbed surfaces in the meadows was 

obtained using the l i ne intercept technique (Canf ield 1941, McDonald 1980). 

Vegetation (non-overlapping) and surface intercepts were recorded to 1 cm 

along meter tape transects oriented across the meadows para l le l with the 

slopes (116° on Klahhane and 118° on Ty le r ) ; s ix transects (1025 m of l ine) 

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

Characteristics Klahhane 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 212° 190° 175-180° 

Slope 30° 24° 28° 

Klahhane transects began c_a. 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 m2 with smaller areas designated as trampling. 



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

MEADOW DISTURBANCE: KLAHHANE VS (TYLER) 

ORGANIC 
MATTER 

FINE 
SOIL 
<0.5 cm 

FINE 
SCREE 
0.5 - 2.0 cm 

MED. 
SCREE 
2 - 5 cm 

COARSE 
SCREE 
5 - 10 cm 

ROCKS 
>10 cm 

TOTAL VEGETATED 

TOTAL BARE 

TOTAL OBVIOUSLY 

BARE 

UNCLASSIFIED 

4.1 (5.3) 

3.1 (0.4) 

0.6 (0.1) 

tr. (0.2) 

0 (tr.) 

0.5 (0.5) 

8.3 (6.5) 

DISTURBED 

AREAS 

OBVIOUS 
TRAMPLING 

1.9 (0) 

10.4 (0.3) 

2.2 (0) 

0.3 (0) 

0.1 (0) 

0.1 (0) 

15.0 (0.3) 

66.1% 

33.9% 

25.6% 

TRAILING 

TRAVERSING 

0.1 (0) 

0.7 (0) 

0.4 (0) 

tr. (0) 

tr. (0) 

tr. (0) 

1.2 (0) 

(91.0%) 

(9.0%) 

(2.5%) 

DOWNSLOPE & 
WATER 
RILLING 

tr. (tr.) 

0.5 (1.2) 

1.3 (1.0) 

0.2 (tr.) 

0.2 (tr.) 

tr. (tr.) 

2.2 (2.2) 

WALLOWS 

WALLOW 
PROPER 

tr. (0) 

4.3 (0) 

0.2 (0) 

tr. (0) 

0 (0) 

tr. (0) 

4.5 (0) 

OUTWASH 

0 (0) 

1.1 (0) 

1.4 (0) 

0.2 (0) 

tr. (0) 

tr. (0) 

2.7 (0) 

TOTAL 

6.1 (5.3) 

20.1 (1.9) 

6.1 (1.1) 

0.7 (0.2) 

0.3 (tr.) 

0.6 (0.5) 

33.9 (9.0) 

I 

I 
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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 organic 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 

Klahhane 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 - 2 0 cm. Vapor pressure deficit (VPD) was calculated from the 

hygrothermograph data as follows: 

VPD = Saturation Vapor Pressure at x . Relative Humidity 
Air (Dry Bulb) Temperature " , Q Q 

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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v a i l i n g wester l ies creat ing a dramatic ra in shadow ef fec t and a steep south

east to northwest gradient of p r e c i p i t a t i o n which influences regional vegeta

t i o n patterns and zonations. Most of the p rec ip i t a t i on at high elevations 

f a l l s as snow during the winter months and the durat ion and d i s t r i bu t i on of 

winter snow cover inf luences summer so i l moisture patterns and the local d i s 

t r i b u t i o n of plant communities ( P f i t s c h , t h i s r epo r t ) . 

The four years of habi tat studies on Klahhane Ridge (1979 - 1982) d i f f e r 

ed in seasonal microclimates re la ted p r imar i l y to the durat ion of winter snow 

cover. Snow accumulations in the subalpine meadows at the end of winter were 

c_a. 60%, 40%, and 25% of the long-term record in 1979, 1980, and 1981, respec

t i v e l y (Table 3 ) . Accumulations were s l i g h t l y above "normal" in 1982. This 

resu l ted in year-to-year d i f ferences in the snow release of plant communities 

and the seasonal patterns of plant phenology, community product ion, and moun

t a i n goat habi ta t u t i l i z a t i o n . 

Table 3. Snow depths and water equivalents at the end of Apr i l from the Hur
r icane Ridge Snow Course, Olympic National Park, 1372 m AMSL. 
(Source: Jack Hughes, ONP) 

Period 

X 
1949-1982 

1979 

1980 

1981 

1982 

Depth on Ground 
(cm) 

169.9 

106.7 

71.1 

45.7 

193.0 

Water Equivalent 
(mm) 

711.2 

408.9 

256.4 

165.1 

729.0 
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Cl imat ic data from Port Angeles (Table 4 ) , the nearest report ing weather 

s t a t i o n located 13 km north of Klahhane Ridge at 110 m AMSL, must be used with 

caut ion to predic t seasonal trends or the "normal i ty" of climates at higher 

e leva t ions . Winter (November through A p r i l ) p rec i p i t a t i on received at Port 

Angeles in 1980 and 1981 exceeded the long-term record although to ta l snow 

accumulations in the mountains were much below normal. The above-normal 

winter temperatures in 1981 may indicate that a greater proport ion of the pre

c i p i t a t i o n at higher elevat ion occurred as ra in rather than snow, but the 

other comparisons are unclear. Mean summer temperatures and p rec ip i ta t ion at 

Port Angeles d i f f e red l i t t l e between the years, a charac te r is t i c of the mari

t ime c l ima t i c regime. The below-normal p r e c i p i t a t i o n in August of 1979, 1980, 

and 1981, suggests that the habi ta t studies were conducted during a period of 

unusual ly dry mid-summer condi t ions. 

Environmental data from the south- fac ing, Phlox-fescue meadow s i te for 

the 1980 - 1982 measurement periods are shown in Figs. 1-3 and summarized in 

Tables 5-7. Global rad ia t ion (hor izonta l surface) in the meadow averaged c_a. 

20 MJ-m"2-d"l with maximum da i l y t o t a l s exceeding 30 MJ-m~2-d~l during the 

June through August per iod; actual rad ia t ion received by the meadow (30* 

slope) would exceed these values. Clouds occur with a high frequency in the 

Olympic Mountains during the ear ly and la te summer, t y p i c a l l y forming in 

va l leys or on the leeward side of ridges and moving upslope to dissipate with 

the wind. This resu l t s in great v a r i a b i l i t y in the rad ia t ion regime at high 

e leva t ions . However, during mid-summer c lear periods of 7 - 10 d or more ire 

c ommo n. 

The f requent ly high rad ia t ion loads and surface albedo resulted in high 

daytime shel ter temperatures in the meadow. Mean da i l y temperatures during 

the warmest months (Ju ly and August) were near 10*C which is typical of many 
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Table 4. Cl imatic data for Port Angeles, WA., 48'07'N, 123°26'W, 110 m above mean sea 
l e v e l . Source: NOAA Tables. 

Winter Summer 
November - Ap r i l 

inc lus ive) May June July Aug. Sept. Oct. 

"Normals": 78 yr record ( temperature), 104 yr record (p rec ip i ta t i on ) 

mean temperature 5.8° 11.2 ' 13.5° 15.2° 15.0° 13.7° 10.1 s X = 13. 
CC) 

t o t a l p rec ip i t a t i on 459.3 23.9 23.1 12.5 18.5 30.5 68.1 = 176. 

(mm) 

1979 

mean temperature 5.3° 12.1* 13.4s 16.2s 15.9s 15.7s 11.2s X = 14. 
CC) ( + .9) 

t o t a l p rec i p i t a t i on 378.0 13.2 9.4 16.3 6.6 54.4 74.9 = 174. 

(mm) (-10.7) 

1980 

mean temperature 5.7s 11.6s 13.0s 15.4s 14.8s 14.2s 11.2s X = 13. 
(SC) (Apr. missing) 

(Departure from normal) 
t o t a l p rec ip i t a t i on 487.4 31.5 57.4 5.1 5.1 50.6 6.4 = 156. 

(mm) 
(Departure from normal) 

1981 

mean temperature 7.5° - 12.9s 15.2s 17.3s 13.9s 9.7s X = 13. 
(SC) - (-0.6) (0) (+2.3) (+0.2) (-0.4) 

(Departure from normal) (May missing) 

t o t a l p rec ip i t a t i on 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) 

t o t a l p rec ip i t a t i on 426.0 4.8 16.3 18.3 11.6 
(mm) (Jan. missing) (-6.9) 
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Figure 1. 
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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 
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 precipi tat ion values 
are from Port Angeles (see tex t ) . 



Table 5. Monthly summary of environmental data from the south-facing, Phlox-fescue meadow s i te , Klahhane Ridge, 
Olympic National Park (47'59'M, 123°27'W; 1753 m above mean sea level) for 1980. 

Parameter 

Global Radiation (MJ m"2 d"1) 
Days of Record 
Mean Daily Irradiance 
Max. Mean Daily 

Temperature (*C) 
bays 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 

May 

N 
0 

R 
E 

"C 
0 
R 
D 

September 

June 

14 
15.6 
28.5 

23 
4.3 (+0.1) 
14.0 (-0.5) 
7.6 (-0.2) 
1.0 (+0.4) 

-2.5 (+0.5) 

23 
0.09 (+0.03)* 
0.21 (0) 

111 (+106)* 

July 
1980 

25 
21.8 
30.9 

26 
9.9 (-0.5) 
22.0 (+1.0) 
14.4 (-0.2) 
5.3 (-0.8)* 
-2.0 (+1.5) 

26 
0.33 (-0.03) 
0.85 (-0.21) 

August 

31 
17.5 
25.7 

31 
9.4 (-1.0)* 
23.0 (-1.5) 
14.3 (-0.9)* 
4.4 (-1.2)* 
-0.5 (-1.5) 

31 
0.31 (-0.04)* 
0.85 (-0.26) 

September 

30 
11.1 
21.8 

29 
8.0 (-0.4) 
21.0 (-1.0) 
12.1 (-0.4) 
3.8 (-0.2) 
-1.0 (+0.5) 

29 
0.29 (-0.01) 
0.90 (-0.35) 

October 

10 
15.0 
16.9 

13 
8.1 
21.0 
12.9 
3.1 

-2.0 

13 
0.39 
0.88 

I 

oo 



Table 6. Monthly summary of environmental data from the south-facing, Phlox-fescue meadow s i te , Klahhane Ridge, 
Olympic National Park (47*59'N, 123°27'W; 1753 m above mean sea level) for 1981. 

Parameter 

Global Radiation (MJ m"2 d"1) 
Days of Record 
Mean Daily Irradiance 
Max. Mean Daily 

Temperature ("C) 
Days of Record 
Mean Dally 
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 16 May - 23 

May 

14 
17.2 
27.9 

7 
5.6 
12.0 
9.2 
1.7 

-0.5 

7 
0.14 
0.25 

September 

June 

15 
18.4 
31.4 

20 
5.5 
16.5 
11.8 
2.0 
-1.0 

20 
0.12 
0.43 

124 (+153)* 

July 
1981 

31 
17.9 
28.7 

31 
10.1 (-0.3) 
23.0 (0) 
14.6 (-0.2) 
5.7 (-0.5) 

-1.0 (+0.5) 

31 
0.30 (0) 
0.85 (-0.13) 

August 

31 
20.0 
25.4 

28 
14.1 (-1.2)* 
30.5 (-1.5) 
20.9 (-1.7)* 
8.3 (-1.7)* 
2.0 (-1.5) 

28 
0.63 (-0.18)* 
1.64 (-0.45) 

September 

26 
13.2 
20.9 

24 
10.8 (-1.2)* 
30.0 (-2.5) 
16.1 (-1.3)* 
5.4 (-1.0)* 
-0.5 (0) 

24 
0.62 (-0.19) 
2.21 (-0.79) 

October 

N 
0 

R 
E 
C 
0 
R 
D 

I 
I—' 

I 



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

Parameter 

Global Radiation (MJ m"2 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) No 

May 

N 
0 

R 
E 
C 
0 
R 
D 

Record 

June 

26 
24.2 
31.4 

19 
8.5 
19.0 
13.0 
6.7 

-1.0 

19 
0.27 
0.67 

July August 
1982 

31 
19.8 
28.0 

22 
8.7 
24.0 
13.2 
4.1 

-2.0 

17 
0.07 
0.25 

21 
17.0 
26.9 

N 
0 

R 
E 
C 
0 
R 
D 

September 

N 
0 

R 
E 
C 
0 
R 
D 

October 

N 
0 

R 
E 
C 
0 
R 
D 

-

I 
ro 
O 
i 
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t r ee l i ne areas around the wor ld. Mean da i l y maximum temperatures during th i s 

period were c_a. 15°C with absolute maxima >25 to 30*C. Surface temperatures 

near 60°C were measured in th is same community type by Kuramoto and Bl iss 

(1970). Reradiation at night resulted in mean d a i l y minimum temperatures ca. 

5°C. Freezing temperatures can occur at any time during the summer months. 

The frequent surface clouds and high humidi t ies resulted in low average 

vapor pressure d e f i c i t s (mean da i l y c_a. 0.3 kPa). However, during the hot , 

dry periods of mid-summer, VPD's >1.0 kPa were common (maximum mean da i l y was 

2.2 kPa), suggesting that many plants were exposed to atmospheric moisture 

s t ress . 

The summer months were t y p i c a l l y dry on Klahhane Ridge, and although c_a. 

120 mm p rec ip i t a t i on was recorded at the south-facing meadow s i t e during June 

through September, most of th i s occurred in ear ly and late-summer. In 1980, 

on ly 6.8 mm p rec i p i t a t i on (6% of season's t o t a l ) was measured between 17 July 

and 27 August (36% of measurement per iod) . The dry period was even more pro

nounced in 1981; only 4.1 mm p rec i p i t a t i on (3% of season's t o t a l ) was measured 

between 14 July and 1 September (37% of mesurement per iod) . Total p rec ip i t a 

t i o n recorded at the cirque s ta t ion was >200% that of the south- fac ing mea

dow. The " t rue" p rec i p i t a t i on on the Ridge probably l ies between these two 

extremes; the steep south-facing s i t e is characterized by up-slope winds which 

tend to reduce the "catch" in a leveled ra in gauge, whereas the cirque s ta t ion 

i s in a low-pressure area (wind shadow) that may tend to accentuate the 

"ca tch . " 

The microcl imate s ta t i on in the cirque was s i g n i f i c a n t l y cooler (ca. 0.5 

_+ 2*C) than the south-facing meadow s i t e during most of the summer per iod, 

although absolute minimum temperatures were f requent ly higher. These small 

d i f ferences recorded at a s ta t ionary shel ter in an exposed and r e l a t i v e l y 
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sunny locat ion do not f u l l y r e f l e c t the thermoregulatory gains incurred by the 

mountain goats as they fo l low the numerous shadows generated by the north 

aspect of the c i rque. Because of the general ly lower temperatures, the VPO's 

at the c i rque s ta t ion were also s i g n i f i c a n t l y lower than at the south-facing 

s i t e . 

Small year- to-year d i f ferences in microclimates were noted. The 1981 

season was warmer and d r ie r during mid-summer with higher maximum and mean 

d a i l y temperatures, higher VPD's and a reduced frequency of p rec ip i t a t i on . 

Combined with the shal low, la te winter snow pack and ear ly snow release of 

p lant communities in 1981, t h i s suggests that phenological patterns and pro

duct ion gains were accelerated and many plants may have experienced water 

st ress in mid-season. The incomplete record from 1982 does not allow meaning

f u l comparisons with the other years. 

Soil Descriptions 

METHODS 

Soi l p i t s were excavated in several areas of the Phlox-fescue meadows on 

Klahhane Ridge and Hurricane H i l l and in other plant community and habitat 

types on Klahhane Ridge. Soi ls were described and c l a s s i f i e d according to the 

U.S. so i l taxonomy (1975). Samples were col lected from each described horizon 

or at f i xed depths when horizons were i n d i s t i n c t . Soil pH was determined on 

the <2 mm f r ac t i on using a 1:1 so i l - t o -wa te r paste. Soil color was determined 

under natural dayl ight using a Munsell color char t . Organic matter was remov

ed from samples before determinations of p a r t i c l e size using a modified 

Bouyoucos hydrometer method (Bouyoucos 1951). The greater than 2 mm f rac t ion 

was determined by s i f t i n g before p a r t i c l e size analyses. Soil nu t r ien ts , pH, 

and organic matter were determined by the Agr i cu l tu re and Soi l 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 CaSOa 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, Bel sky 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 

Klahhane, 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. 
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Table 8. Soil profile description from a mid-slope site of the extensive, 
Phlox-fescue meadow on Klahhane Ridge. The soil most closely 
resembles a Haploboroll. 

Horizon Depth (cm) Description 

Al 0-5 Dark reddish brown (5 YR 3/3d) gravelly, 
sandy loam; single grain; \/ery friable; 
abundant, small and medium roots; abundant, 
angular gravel, 36% >2 mm; abrupt, smooth, 
indistinct boundary; medium acid, pH 5.7. 

81 5-25 Dark reddish brown (5 YR 3/3d) ^ery 
gravelly, sandy loam; single grain; \ery 
friable; many, small and medium roots; ^ery 
abundant, angular gravel, 51% >2 mm; clear, 
wavy, indistinct boundary; strongly acid, pH 
5.3. 

C >25 Reddish brown (5 YR 4/4d) very gravelly, 
sandy loam; single grain; \/ery friable; 
some, small and medium roots; very abundant, 
angular gravel, 51% >2 mm; strongly acid, pH 
5.4. 

Table 9. Soil profile characteristics from a mountain goat wallow (SW #5, 10 
#86) in which approximately 40 cm of the original surface (see 
Appendix B-3) eroded away exposing the C horizon. 

Depth 

0-5 

5-12 

12-25 

25-45 

45-55 

Color 

reddish brown (5 YR 4/3d) 

•I ii H 

" (5 YR 4/4d) 

" (5 YR 4/3d) 

II II H 

% 72 mm 

48% 

58% 

62% 

82% 

77% 

PH 

5.4 

5.3 

5.4 

5.5 

5.5 
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Goat-induced soi l erosion resu l ts in the removal of surface horizons, 

p a r t i c u l a r l y in wallows where disturbance is concentrated (Table 9 ) . Erosion 

exposes material with a high gravel and scree content and these larger 

p a r t i c l e s are read i ly displaced down slope. Table 10 shows that wallows in 

t h i s same meadow had s l i g h t l y higher sand contents, less organic matter, and a 

t rend towards less aggregation of f ines than adjacent, undisturbed meadow 

s o i l s . Although many of these wallows have eroded down to wery 

coarse- textured horizons, the s u r f i c i a l material in the wallows is f ine r 

g ra ined . This is probably a resu l t of the incorporat ion of meadow surface 

mater ia l derived e i ther from the o r i g ina l s i t e or transported down slope from 

the meadow above or the headward erosion of the wallow. The presence of th is 

f i n e - t e x t u r e d s u r f i c i a l material in the wallows is a requ is i te to t he i r use by 

goats fo r dust ing , thermoregulat ion, and insect con t ro l . In areas with a 

shal low mantle, wallowing read i ly displaces a l l of the f ines leaving a surface 

of scree which ceases to be used by the goats. 

Soi ls of the unstable herb meadows show even less development than the 

s o i l s of the Phlox-fescue meadow described above. The unstable herb meadow 

s o i l s have developed on volcanic substrates and most closely f i t the descr ip

t i o n of Typic or L i t h i c Ustorthents, depending on the depth to bedrock. These 

same so i l s were c lass i f i ed by Kuramoto and Bl iss (1970) as Orthic Orthustents 

using the 7th Approximation Soi l C lass i f i ca t i on System. These soi ls occur on 

recent geologic erosional surfaces such as steep, ac t ive ly eroding slopes, and 

have an absence of diagnostic horizons. Due to the active erosion and poor 

hor izon development in both of these so i l types, p ro f i l e character is t ics can 

not be used to estimate topsoi l l oss , although soi l remnants and plant 

pedestals can l oca l l y be used for t h i s purpose. One major d is t inguish ing 

c h a r a c t e r i s t i c of these so i ls was the percent so i l organic matter and organic 



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

X 
<u o 
c <— 
(O r— 
-C 10 

X 
<y o 

jr <u 

X 
o 

0) T> 
c <o 
(O 01 
oz: 
•r— 
l_ i — 

3 •<-
3Z 3= 

Depth 
(cm) 

0-5 

5-25 

25 

0-5 

5-25 

25 

0-5 

5-20 

20 

>2 mm 
Fraction 

(X) 

48 

60 

80 

36 

51 

51 

50 

57 

61 

% of 
Sand 

75.7 

79.6 

79.7 

73.1 

77.3 

78.4 

71.4 

72.8 

74.8 

*2 mm 
Silt 

8.8 

6.3 

6.9 

9.7 

7.5 

7.0 

12.8 

8.6 

11.2 

Clay 

15.5 

14.1 

13.4 

17.2 

15.2 

14.5 

15.8 

18.6 

14.0 

pH 

5.4 

5.5 

5.7 

5.8 

5.4 

5.7 

5.4 

5.3 

5.4 

% Organic 
Carbon 

1.6 

1.3 

1.3 

7.4 

5.7 

2.7 

15.4 

3.3 

1.4 

% Organic 
Matter 

2.7 

2.3 

2.2 

12.7 

9.8 

4.7 

26.5 

5.8 

2.4 

Avail. 
N 

(NO ) 

1.7 

0.6 

0.4 

2.3 

0.8 

0.4 

5.4 

0.9 

0.5 

Total 
P 

(ppm) 

1.1 

0.5 

0.5 

1.2 

0.3 

0.1 

10.7 

0.2 

0.4 

K 
(ppm! 

94 

52 

52 

257 

164 

115 

355 

34 

26 

Color 
1 
Reddish brown 
5YR 4/3d 

Reddish brown 
5YR 4/3d 
Reddish brown 
5YR 4/3d 

Dark red. brown 
5YR 4/3d 
Dark red. brown 
5YR 3/3d 

Reddish brown 
5YR 4/4d 

Brownish black 
7.5YR 3/2d 

Brown 
7.5YR 4/3d 
Dull brown 
7.5YR 5/3d 

I 

CTl 
i 
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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). 

All 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 wery 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=.g2. 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 to ta l so i l content of these two nut r ients is ava i l 

able in humid, temperate so i ls (Brady 1974). 

In summary, the pr inc ipa l d i f ferences in these so i ls are the resu l t of 

goat a c t i v i t i e s and parent material d i f fe rences. Goat a c t i v i t i e s remove plant 

cover which enhances so i l erosion, causing the loss of the organic t o p s o i l . 

The resu l t i ng so i l has better drainage and aerat ion but is less able to hold 

nu t r i en t s and to s t a b i l i z e the ground surface. The so i l also provides less 

s t a b i l i t y and nut r ients needed for plant regenerat ion. 

Parent material appears to be the d is t ingu ish ing factor between so i l s of 

Hurricane H i l l and Klahhane Ridge. Basal t ic so i l s are high in i ron and magne

sium and are usual ly less acidic (Buol et a l . 1973). Analyses of basal t ic 

s o i l s of s imi la r plant communities showed that they were high in calcium and 

magnesium (Kuramoto and Bl iss 1970). This i n i t i a l increase in nut r ien ts may 

exp la in the more dense plant cover on Hurricane H i l l , while the more dense 

cover i t s e l f 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- l) appeared to be h igh ly subject ive necessi tat ing a more de

t a i l e d and consistent method of wallow survey. 

Eight wallows were chosen for level-surveys at cross-sect ions from bench

marks to provide an accurate estimate of volumes of mater ia l removed which may 

be ext rapolated to rates given repeated surveys or use of h is to r i c photo

graphs. Act ive wallows with d i s t i n c t boundaries were selected encompassing a 

range of sizes and inc luding one small wallow t o t a l l y excluded from current 

goat usage and the largest wallow i d e n t i f i a b l e on Klahhane ( I .0 .#86) , also 

p a r t i a l l y excluded. 

Benchmark stakes (1.22 m X 0.95 cm d ia . re in fo rc ing rod driven approxi

mately 1 m in to the ground, spray painted red, and tagged SW#1- SW#8) were 

posi t ioned several meters up slope from the center l i ne of each wallow. A 

meter tape was stretched from the benchmark down slope along the center l i ne 

and the compass heading determined fo r future o r i e n t a t i o n . Cross-section pro

f i l e s were measured using a tripod-mounted level at various locations along 

the center l i ne including at the benchmark, in the undisturbed meadow above 

and below the current wallow, and at a number of s i tes in the wallow proper or 

wallow outwash. Cross-sections were located wherever the dimensions of the 

wallow appeared to change appreciably. At each c ross-sec t ion , a second tape 

was st retched out perpendicular to the cen te r - l i ne tape. Surface heights were 

measured at various distances along t h i s tape extending from the center l i ne 

of the wallow to the east and west in to the meadow. Current wallow boundaries 

and vegetat ion w i th in the wallows were noted. The cross-sections were graph

ed, areas determined by planimetry, and the average net change in area between 

adjacent cross-sect ions mu l t i p l i ed by the distance between them to determine 

net volume of erosion or depos i t ion. 
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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 lines 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 m? 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 soi l surface has been churned and s u r f i c i a l material d isplac

ed downslope. Although a large number of wallows in an area general ly i n d i 

cates a r e l a t i v e l y high goat population density and/or frequent use of these 

s i t e s , i t i s d i f f i c u l t to r e l a te goat numbers and habi ta t usage to wallow num

bers . Wallows can occur anywhere in prime goat habi tat and have few environ

mental cor re la tes other than the presence of a f ine-gra ined soi l mantle vrfiich 

impl ies a r e l a t i v e l y stable surface. They are found in areas that goats 

u t i l i z e f requent ly and are thus more common at higher e levat ions, close to 

rock outcrops, and on r e l a t i v e l y steep slopes. They appear to be more common 

on sedimentary substrates that weather to a f ine-grained s o i l , but are also 

found where pockets of f ines have accumulated on basa l t ic substrates. They 

are genera l ly not found on steep scree slopes due to surface i n s t a b i l i t y , but 

again there are exceptions re lated to microtopography and the accumulation of 
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f i nes . Although they can occur in any plant community type, they are most 

common in Phlox-fescue meadows because of surface material co r re la tes , and 

least common in communities of low elevat ion or la te snow release. 

Wallows occur throughout the higher e levat ion areas of Klahhane Ridge. 

They are numerous in the Phlox-fescue meadows of the south-facing slopes, and 

are very conspicuous in t h i s habi tat because of the openness and homogeneity 

of the vegetat ion. They are also found on scree slopes of f iner -gra ined 

mater ial such as areas on the west side of Mt. Angeles, and at lower eleva

t ions in the nor th- fac ing cirque including a r e l a t i v e l y lush meadow by the 

" w a t e r f a l l . " A number of very large wallows are found in a Phlox-fescue/ 

Lupine-sedge meadow of northeast aspect d i r e c t l y north of "F i r s t D iv ide. " 

This area is heavi ly u t i l i z e d by goats during the hot periods of mid-summer. 

Wallows are found at a number of r e l a t i v e l y f l a t locat ions along the ridge top 

including at the "blowout" near Rocky Peak, a s i t e of anthropogenic o r i g in 

tha t is maintained by wind ab la t ion , and in heather communities of north 

aspect at " I n g r i d ' s Meadow." They are common on a l l slopes and benches of 

s l i de rock around Rocky Peak. 

Wallows are abundant in the extensive south- fac ing, Phlox-fescue meadow 

on Klahhane Ridge due to intensive u t i l i z a t i o n by mountain goats and the 

f ine-gra ined subst rate. Over 70 wallows of >1 m2 area occur in t h i s meadow 

(Pf i tsch 1981) encompassing c_a. 7% of the surface area (Table 2 ) . The wallows 

vary in size from small areas inseparable from in tens ive ly trampled microsi tes 

(thus the a rb i t ra ry 1 m2 minimum area) to larger areas that are c lea r l y d is 

t ingu ishable on s a t e l l i t e (E.R.T.S. or Landsat) photographs. 

Wallows t y p i c a l l y 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 in tens ive ly disturbed depressional area of f ine-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-l) . The calculated absolute 

change in 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 c_a. 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 sites as well as to the wallowing process itself. Outwash 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 
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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 

m^ 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#1 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 

between 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 



- 3 6 -

Wallow Number 

SW#1 ( I . 0 . # 1 6 9 ) 
1980 Survey 

1981 ReSurvey 

SW#2 ( I . 0 . # 3 4 ) 
1980 Survey 

1981 ReSurvey 

SW#3 ( I . 0 . # 1 6 6 ) 

SW#4 

SW#5 ( I . 0 . # 8 6 ) 

SW#6 ( I . 0 . # 2 7 ) 

SW#7 ( I . 0 . # 2 6 ) 

SW#8 

Surf 

Wallow 
Proper 

8.07 

— 

3.63 

— 

2.47 

1.91 

123.21 

5.03 

17.93 

3.08 

"ace Area 

Wallow 
Outwash 

4.20 

— 

6.34 

— 

4.61 

1.50 

107.26 

6.18 

25.80 

11.84 

(•2)2 

Wal low 
Complex 

12.27 

— 

9.97 

— 

7.08 

3.41 

230.47 

11.21 

43.73 

14.92 

Vol urr 

Wallow 
Proper 

-1.21 

-1.17 

-0.30 

-0.29 

-0.30 

-0.26 

-34.48 

-0.56 

-3.38 

-0.84 

le of Mate 
splaced (r 
Wal low 
Outwash 

+0.01 

+0.01 

-0.04 

+0.01 

-0.26 

-0.10 

+37.43 

+0.26 

+1.17 

+0.36 

- i a l 3 

n3) 
Wal low 
Complex 

-1.20 

-1.16 

-0.34 

-0.28 

-0.56 

-0.36 

+2.95 

-0.30 

-2.21 

-0.48 

1. See Appendix B-3 for cross-sect ions and B-4 and B-5 for ca lcu la t ions . 

2. Based on current area (enclosed vegetation excluded) rather than subject ive 
estimates of o r i g ina l boundaries. 

3. Based on subject ive estimates of o r ig ina l boundaries as suggested by 
cross-sect ional topography. 

Table 11. Summary of surface areas and volumes of material displaced in 
surveyed wal lows.3 



-37-

t h i s may vary wi th subsequent surveyors or eros ion, i t appears desirable to 

more c l e a r l y de l ineate the ends of the center and cross-sect ion l ines with 

add i t iona l benchmark stakes at the time of the next survey to allow more pre

c ise re loca t ion of survey po in ts . 

The g r a v e l - l i n e transects provide a comparison of the magnitude and sea

sona l i t y of erosion in the wallow complexes with that of adjacent vegetated 

meadow s i t e s . Figure 4 summarizes the data from the six wallow and meadow 

l oca t i ons , whi le F ig . 5 separates the various l ines in one wallow complex 

(SW#5). Surface mater ia l is more read i ly displaced in the wallows than in the 

meadow at a l l times of the year. Erosion is s l i g h t l y greater in the wallow 

outwash than in the wallow proper, probably due to the di f ference in slope of 

the two. Heavy p r e c i p i t a t i o n , needle ice a c t i v i t y , and runoff from snow melt 

r e s u l t i n near ly 100% surface disturbance in the wallows during the spring and 

f a l l months. Although i t was not possible to quan t i t a t i ve l y separate the ero

sion due d i r e c t l y to mountain goats from these other causes, goats were imp l i 

cated at a l l times during the snow-free season. Goat disturbance invar iab ly 

resu l ted in considerable spat ia l displacement of surface par t i c les while ra in 

drop splash, surface f low, and needle ice tended to move par t i c les only a 

small d is tance. The maximum distance that pa r t i c l es moved from the one ex-

closed l i n e in SW#5 was <2 m. Continuous wallow disturbance by goats resu l t 

ed, by the end of the study, in unexclosed t racer material being displaced up 

to 18 m down slope, i . e . to the bottom of the wallow complexes or even into 

the downslope vegetat ion. 

The informat ion co l lec ted from the bar r ie r i ns ta l l a t i ons is l im i ted due 

to t h e i r delayed funct ional operat ion, but trends are suggested. Data are 

presented fo r most wallows for a seven week period in late-summer, 1982, and 

fo r one wallow (SW#2) fo r 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 October 
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 wnich would require ca. 

240 years to remove the 0.34 m3 from the wallow complex (1980 survey), 

assuming uniform erosion rates. This limited 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 usefulIness 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. 

Barr ier 
Location 

SW #1 

SW #2 

SW #5(to 

(mid 

(bottom) 

SW #7 

SW #8 

Meadow 
below Ro 
C-3 

Area of 
Wallow 
Complex 

above 
bar r ie r 

(m2) 

10.66 

9.56 

p)59.47 

J138.99 

228.50 

39.68 

10.44 

(45% B 
d Set 

Wallow 
Width at 
bar r ie r 

(m) 

1.40 

1.40 

7.10 

6.30 

2.80 

2.70 

1.60 

are) 

Mater ia l Col lected Bet 
X/23/81 

to 
IX/17/82 

Actual 
Ad j . to 
Wallow 
Width 

(9) 

2379 
3331 

— 

— 

— 

— 

— 

— 

% 
(2mm 

— 

17.2 

— 

— 

— 

— 

— 

— 

ween Dates 
V I I I / 2 8 7 8 2 V I I I / 2 3 / 8 2 

to to 
IX/17/82 IX/17/82 

Actual 
A d j . to 
Wallow 
Width 

(g) 

1277 
1788 

1346 
9558 

439 
2764 

1149 
3216 

1330 
3590 

1560 
2496 

— 

% 
<2mm 

11.4 

• — m 

11.7 

16.7 

10.5 

13.1 

3.6 

— 

Actual 
Ad j . to 
Wallow 
Width 

(g) 

m — — 

92 

% 
<2mm 

— 

m — — 

16.3 
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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 c_a. 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-l 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 co l lec t ion trough p lo ts are designed for 

a fu tu re monitoring program by the s t a f f of Olympic National Park. Base-line 

data were col lected from each i n s t a l l a t i o n (Appendix A) and erosion measured 

at the trough enclosures over a 24 d per iod. Observations on the e f fec t i ve 

ness of these methods and some prel iminary resul ts w i l l be discussed. 

A number of fac tors inf luence sheetwash erosion and overland flow in the 

meadow on Klahhane Ridge inc luding charac ter is t i cs of the vegetation (physiog

nomy, cover, thickness of the root mat), soi ls ( p a r t i c l e size and density of 

s o i l mater ia l at the surface and in surface hor izons, percentage of f ine 

organic matter , p re -ex is t ing so i l moisture content, surface compaction, i n f i l 

t r a t i o n capac i ty ) , slope (degree, aspect, microtopography), and climate 

( p e r i o d i c i t y , i n t e n s i t y , and form of p r e c i p i t a t i o n , needle ice a c t i v i t y ) . The 

a c t i v i t y of mountain goats is but another factor in an already complex system. 

Moreover, goat disturbance i t s e l f i s complex and modif ies natural slope ero

sion i n d i r e c t l y through subt le changes to many of the above factors as well as 

d i r e c t l y through physical displacement of surface ma te r i a l . Predict ions 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 yery 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? 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 flow has been intensively studied in labora

tory simulations and with controlled experiments on agricultural plots or on 

water sheds subjected to various management regimes (Ellison 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 collected 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 (Vsoil) on the <2 mm fraction of 

bulk 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 Tsoi 1 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 X HgO 9 -1.5 MPa % <2 mm 

= - x 
in Horizon (2 mm fraction) (2 mm fraction) in Horizon 

Too 
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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 propert ies of so i l s from six microsi tes in the extensive 
phlox-fescue meadow on Klahhane Ridge. CI 95%are ind icated. 

Location 

Meadow 
Vegetated 

Disturbed 

Wallow Proper 
Center 

Margin 

Wallow Outwash 
Center 

Margin 

Meadow 
Vegetated 

Disturbed 

Wallow Proper 
Center 

Margin 

Wallow Outwash 
Center 

Margin 

Meadow 
Vegetated 

Disturbed 

Wallow Proper 
Center 

Margin 

Wallow Outwash 
Center 

Margin 

<2 mm 
Fraction (%) 

57.0 + 13.2 

54.7 + 14.1 

55.2 + 4.9 

53.7 + 15.7 

50.6 + 11.0 

54.2 + 6.6 

58.0 + 6.0 

52.2 + 8.7 

49.8 + 12.4 

54.8 + 4.8 

47.7 + 9.8 

41.6 + 22.0 

45.1 + 17.3 

44.8 + 11.7 

42.8 + 23.6 

48.3 + 9.5 

47.3 + 11.2 

45.5 + 15.5 

Soil Moisture (%) 

0.03 MPa 

0 - 5 cm 

35.2 + 5.6 

27.7 + 2.0 

22.7 + 4.6 

23.5 + 4.7 

23.3 + 4.9 

23.7 + 4.8 

1.50 MPa 

Depth 

21.5 + 3.1 

15.9 + 1.9 

12.0 + 1.7 

12.5 + 2.8 

11.8 + 2.2 

11.8 + 1.5 

5 - 15 cm Depth 

28.9 + 4.4 16.6 + 2.6 

27.4 + 2.2 

23.7 + 4.3 

24.1 + 4.6 

25.7 + 2.6 

23.5 + 4.8 

> 15 cm 

26.5 + 6.0 

25.0 + 4.3 

23.6 + 4.1 

24.1 + 3.4 

25.0 + 1.6 

24.3 + 4.5 

16.0 + 1.0 

13.0 + 2.4 

13.2 + 3.0 

13.6 + 1.0 

14.6 + 4.2 

Depth 

15.8 + 2.3 

14.4 + 1.1 

12.5 + 2.6 

13.2 + 2.7 

13.4 + 0.8 

13.4 + 1.9 

Available in 
Horizon (%) 

8.8 + 3.7 

6.6 + 3.5 

5.9 + 1.9 

5.9 + 2.6 

5.8 + 1.9 

6.5 + 2.5 

7.2 + 2.3 

6.0 + 2.1 

5.2 + 0.7 

6.0 + 1.9 

5.8 + 2.1 

4.4 + 3.2 

4.7 + 2.6 

4.8 + 2.4 

4.7 + 3.4 

5.2 + 1.1 

5.6 + 2.0 

5.1 + 2.7 
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Figure 9. Seasonal soil matric potential ( soil) 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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Figure 9 (continued). 
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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 »soil was esti

mated at c_a. -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 I soil values. Greater soil moisture was found in the subsur

face horizons of all microsites. However, even at 15 cm depth isoil 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. Pfltsch 

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 

late 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 km? (Stevens 1983). This concentration 

of 14 goats/km2 compares with figures of 2.8 and 0.5 goats/km? (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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w i l l be presented as to how the mountain goat population pressure may be 

changing the p lant 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. All 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 lm2 

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 p lo ts 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 

e n t i r e growing season, thus estimates made at the end of the season are assum

ed to in tegrate grazing fo r the ent i re per iod. Two grazing parameters were 

ca lcua l ted for each p l o t , the r e l a t i v e frequency of grazing and the average 

grazing i n t e n s i t y . The r e l a t i v e frequency of grazing is the number of quad

ra t s in which a species showed evidence of grazing, r e l a t i v e to the number of 

quadrats in which the species occurred. The average grazing in tens i t y is the 

grazing estimate averaged for those plots with grazing not equal to 0 for each 

species. 

One 0.25m2 subquadrat was randomly selected in each lm? quadrat for 

product ion estimates. Herbaceous plants were cl ipped at ground level and the 

mater ia l sorted to include only plant material produced that year. Samples 

were dr ied at 54°C to constant weight and weighed to the nearest O. lg . Cover 

estiamtes for Phlox d i f f u s a , a mat species which was not harvested, were 

re la ted to biomass by regression of biomass to area. 

Exclosures (10 x 10m) paired with f i ve vegetation p lots sampled in 1979 

were constructed as soon as possible af ter snowmelt in 1980. Production har

vests were carr ied out w i t h i n these exclosures at 3 or 4 times during the sum

mer. Seven d i f f e ren t s t r a t i f i e d random 0.25m2 quadrats were harvested each 

t ime . A l l plants were c l ipped at ground l eve l , 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 

c u t t i n g 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 snowmelt 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 

Community type 

Phlox-fescue 

Unstable herb 

Scree 

Heather 

Late snow-sedge 

Lupine-sedge 

Luetkea drainage 

Tall grass-herb 

Ridge top fellfie 

Dominant 
Growth 
Forms 

mat plants 
bunch grass 

large herbs 

large herbs 

shrubs 

sedge mat 

large herbs 
and sedge 

mat plants 
graminoids 

grami no ids 
large herbs 

Id cushion anc 
mat plants 

Dominant 
Species 

Phlox diffusa 
Festuca idahoensis 
Arenaria capi1laris 

Eriophyllum lanatum 
Artemesia ludoviciana 
Phacelia hastada 
Cirsium edule 
Hydrophyllum fendleri 

Senecio neowebsteri 
Phacelia hastada 
Delphinium glareosum 

Snow-free 
(Date) 

Early May 
to June 

May to 
June 

June 

Cassiope mertensiana June 
Phyl1odoce empetri formi s 

Carex nigricans 
Carex spectabilis 

Lupinus latifolius 
Carex spectabilis 

Luetkea pectinata 
Carex spectabilis 

Carex spectabilis 
numerous grasses 
Cirsium edule 
Arnica spp. 

1 Juniperus communis 
Phlox diffusa 
many "alpine" spp. 

July 

July 

July 

late June 

March to 
April 

Slope 

5 to 30 

30 to 36 

35 to 40 

10 to 15 

0 

10 to 15 

5 to 10 

10 to 20 

20 to 30 
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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 relative 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 fel1 field meadows have rela

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

Community Type 

Phlox-fescue 

Unstable herb 

Scree 

Heather* 

Late snow sedge 

Lupine-sedge 

Luetkea drainage 

Tall grass-herb 

Ridge top fellfield** 

Saussaurea forb*** 

Production 

(g/m2,+ S.E) 

170 + 60 

160 + 70 

40 + 40 

20 + 10 

120 + 70 

220 + 50 

30 + 30 

110 + 40 

-

370 + 110 

Areal Extent 

(m2) 

532,000 

151,000 

298,700 

80,200 

17,300 

8,700 

13,700 

8,500 

36,000 

57,000 

TOTAL 

Total Production 

(kg) 

90,440 

24,192 

11,948 

1,604 

2,076 

1,914 

411 

935 

-

21,090 

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 

Phlox-fescue 

Unstable herb 

Scree 

Heather 

Late snow sedge 

Lupine-sedge 

Luetkea drainage 

Tall grass-herb 

Ridge top fellfield 

Plot # 

1 

2 

3 

7 

19 

5 

11 

12 

20 

8 

9 

10 

16 

17 

18 

15 

14 

4 

Side 

S 

s 

s 

s 

s 

s 

N 

N 

s 

N 

N 

N 

N 

N 

N 

N 

N 

S 

Mean 

Intensity 

0.7 

0.6 

0.6 

0.9 

0.5 

1.5 

1.5 

1.3 

1.6 

1.8 

1.5 

1.9 

0.3 

1.0 

1.2 

2.4 

1.2 

0.5 

Relative 

Frequency 

0.26 

0.17 

0.21 

0.26 

0.24 

0.45 

0.51 

0.53 

0.60 

0.33 

0.46 

0.48 

0.12 

0.44 

0.41 

0.18 

0.52 

0.21 

Productivity 

(g/m2/d) 

0.29 

0.91 

1.97 

1.77 

1.23 
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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. comrn.). 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 grazing 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 higher forage quality than the 

maturing plants in south-facing Phlox-fescue meadows. Plants on these north

erly slopes make up only about 10% of the total biomass of the ridge (Table 

15). This fact, coupled with the preference of the goats for these areas for 

a considerable period during the mid-summer, results in high values for graz

ing frequency and intensity. 
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Unstable herb meadows on the south side are the major exception to the 

r u l e that grazing is concentrated on northern exposures. These areas have 

grazing i n tens i t i es and r e l a t i v e frequencies comparable to north side meadows 

(Table 16) , despite the fac t that goats are ra re ly observed in them during the 

mid-summer per iod. The higher grazing i n tens i t i es in these meadows than in 

other south side meadows may be due to t he i r r e l a t i v e proximity to rocky areas 

f o r escape. These areas also have mid-summer p roduc t i v i t y ( rate of dry matter 

product ion) values which are as high as p roduc t i v i t y in north slope communi

t i e s of the same type (Table 16). A combination of higher qua l i t y , rap id ly 

growing forage and proximi ty to rock outcrops may resu l t in the high grazing 

values observed for these south slope meadows. 

The north slope and unstable south-side meadows that are preferred by the 

goats fo r foraging produce a r e l a t i v e l y small proport ion of the to ta l poten

t i a l forage on Klahhane Ridge. The thermoregulatory, escape, and forage con

s t r a i n t s which r e s t r i c t the mountain goats to these areas during the mid-sum

mer l i m i t the potent ia l forage that is avai lable to the goats. I f the goats 

grazed only in north-side meadows during mid-summer, the to ta l available f o r 

age on a per day basis would be less than 30% of that, avai lable at the begin

ning of the snow-free period and less than 25% of that avai lable at the end of 

the season (Table 17). This represents the c r i t i c a l season for th is mountain 

goat populat ion in terms of forage a v a i l a b i l i t y . Even i f unstable south slope 

herb meadows are included in the mid-summer forage ca l cu la t i on , a minimum of 

forage a v a i l a b i l i t y occurs at t h i s time (Table 17). 

I t is possible to use these data to calculate a mountain goat carrying 

capac i t y . We assume that an average mountain goat weighs 42kg (weighted mean 

based on population proport ion and weights of adult females and males, year

l i n g s , and k i d s ) , and consumes 2.2% of i t s body weight (0.92kg) each day (dry 
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TABLE 17. Seasonal potent ia l forage a v a i l a b i l i t y on Klahhane Ridge. These 
f igures are calculated by pa r t i t i on i ng the estimated to ta l yearly 
production in each plant community into the number of days that 
each meadow is used in tens ive ly for goat foraging and summing for 
each season. E.G. meadow in Late snow sedge community type of 
areal extent 5000m2 avai lable summer and f a l l only 45+80=125 days, 
t o t a l production of 119 g/m2 x 50OOm2=59500Og; summer forage 
a v a i l a b i l i t y = 595000 x 45/125=215 kg; f a l l forage a v a i l a b i l i t y = 
595000 x 80/125=380 kg forage. 

weight of p lan ts , l i v e weight of goats - normal ungulate consumption rate) 

(Hudson pers. cornm. 1982), and that the annual removal of 20 to 30% of the 

ava i lab le forage does not cause a s i gn i f i can t reduction in net plant produc

t i o n or species composit ion. 

Assuming the removal of 20 to 30% of the annual aboveground production on 

Klahhane Ridge the sustainable carrying capaci ty , based upon spring to f a l l 

ava i lab le forage would then be calcualted to be 190 to 280 goats [154, 610 kg 

t o t a l prod, x 0.2 (0.3) /0.92/180 = 190 (280) ] . Clearly however, the summer 

season when the goats are concentrated on the north slope meadows is the most 

Season # Days Biomass(kg) Biomass/Day(kg/d) 

Spring (May to July) 55 46,620 820 

Summer (Ju ly to mid-Aug.) 45 12,100 270 

Fal l (mid-Aug. to Nov.) 80 94,310 1,180 

I f south side unstable herb communities are used a l l year. 

Spring 55 44,680 810 

Summer 45 16,730 370 

Fal l 80 93,530 1,170 
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limiting time in terms of the snow-free season. If we assume that the amount 

of grazing on these meadows is insignificant except for the 45d of the mid

summer season and that the goats eat 20 to 30% of the animal production, then 

the carrying capacity based on production available during this time would be 

150 to 220 animals [30550 kg x 0.2 (0.3/0.92/45 = 150 (220)]. 

We have not considered the winter season, another time when forage avail

ability may be at a limiting level. Little is known about the winter forage 

availabiltiy to the Klahhane goat population. Further investigations of win

ter forage are being conducted (pers. comrn. Office of Science and Technology, 

Olympic National Park). 

An animal population can be restricted by the availability of any of its 

necessary resources. Stevens (1979) has shown how important the availability 

of non-food resources, rock outcrops and thermoregulatory habitat can be in 

determining the mountain goat population that an area will support. On 

Klahhane Ridge the combination of abundant high quality early season forage in 

the form of south-facing Phlox-fescue meadows which melt out quite early, and 

a fairly substantial amount of cooler meadows with high mid-summer produc

tivity, all with close proximity to escape habitat, has resulted in extremely 

high mountain goat densities. The same non-food resources that limit popula

tion densities in other areas of the Olympic Mountains play a role in deter

mining the forage available to the goats during the summer season on Klahhane 

Ridge, and hence will ultimately determine the population levels which may be 

sustained. On Klahhane Ridge it is the abundance of forage that is available 

to the goats during the time when their activities are restricted by thermo

regulatory demands which appears to play the most important role in limiting 

their population. It is particularly important to recognize that the limiting 

forage resource is the one which will suffer the most from overgrazing and 
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t rampl ing damage. On Klahhane Ridge the l i m i t i n g areas are la rge ly unstable 

meadows and scree slopes. These same communities are po ten t i a l l y the most 

susceptable to damage from overgrazing pressure due to t he i r substrate i ns ta 

b i l i t y , and they also can be expected to have the slowest potent ia l rate of 

recovery. 

The question arises as to what evidence there is that mountain goat 

a c t i v i t i e s have changed the plant communities of Klahhane Ridge. This is ex

t remely d i f f i c u l t to answer in l i g h t of the fact that there was no deta i led 

p lan t community analysis done before the goats became abundant. Two areas, 

Constance Pass and Tyler Peak with south-facing Phlox-fescue meadows, s imi la r 

t o those on Klahhane Ridge, were sampled with the in tent of addressing t h i s 

ques t ion . Constance Pass and Tyler Peak both have low mountain goat popula

t i o n pressure. Since i t is hazardous to a t t r i bu te di f ferences in geographi

c a l l y separate plant communities to d i f ferences in the i n tens i t y of animal 

use, sampling was res t r i c ted to a defined community type and only general fac

t o r s such as species density and dominant species cover were compared. 

Eleven plots were located in south-facing Phlox-fescue meadows on 

Klahhane Ridge. Six p lo ts were sampled in s imi la r south-facing meadows at 

Constance Pass and seven were sampled at Tyler Peak. A s t r a t i f i e d random pro

cedure was employed in which one lm? quadrat was randomly located in each of 

5 (10 in 6 plots on Klahhane) regu la r l y arranged 2 x 5m subplots. Three lm2 

quadrats were randomly sampled with 6, 5 x 5m exclosures constructed on Klah

hane Ridge in 1976. Sampling was conducted in 1979 and 1981 for non-exclosed 

Klahhane p l o t s , in 1981 fo r the res t of the p lo t s . Total cover of each 

species was v i sua l l y estimated to the nearest 1%. Mean values were calculated 

f o r each p lot for the number of species/m2 (species dens i t y ) . 
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Species density in Klahhane Ridge south-facing Phlox fescue meadows is 

significantly (t-test) probability; p = 0.0266) less than in comparable mea

dows at Constance Pass and Tyler Peak. The total plant cover of Klahhane mea

dows is less than in the areas of low goat use (p = 0.021). There is a great

er cover of Phlox diffusa (p = 0.0179) and less cover of Festuca idahoensis (p 

= 0.0009) on Klahhane. Plots enclosed for 5 yr on Klahhane Ridge have similar 

values as unexclosed areas for everything except Festuca cover and species 

density which are significantly greater (p = 0.0081 and p = 0.0766 respective

ly) within exclosures (Table 18). 

By grazing preferentially on a dominant species, a herbivore can release 

subordinate species from competitive inhibition. Trampling by a large grazer 

opens up patches in the plant community which creates colonization sites for 

opportunistic species and increases small-scale environmental heterogeneity, 

thus enabling species with slightly different germination or growth require

ments to survive. In these ways, a grazing animal can increase the number of 

species which are able to coexist. Species density can be decreased by the 

activities of a large grazing animal if the activities are especially severe 

or if the environment is so extreme as to not allow rapid recolonization of 

open sites (Harper 1977). 

It appears that concentrated mountain goat grazing and trampling have 

reduced the density of plant species in Klahhane Ridge Phlox-fescue meadows in 

spite of the fact that Festuca idahaensis is apparently reduced by preferen

tial grazing. The fact that enclosed plots on Klahhane have Festuca cover and 

species density that are nearly as high as in low goat use areas suggests that 

the differences between unexclosed Klahhane Ridge meadows and low goat areas 

may be attributed to mountain goat activities. 
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If the stable meadows on Klahhane Ridge's south side have experienced a 

reduction in plant cover and a decline in species density as a result of 

moderate levels of grazing and trampling pressure, then it can be assumed that 

other areas which are subject to heavier goat pressure have experienced a 

similar fate. The decline in species density can be expected to be especially 

severe in areas of unstable soils where environmental limitations to plant 

growth and development are strong. 

TABLE 18. Community characteristics (Mean _+ S.D.) of south-facing Phlox dif
fusa and Festuca idahoensis dominated plant communities on Klahhane 
Ridge (KR~) (high mountain goat densities), at Constance Pass (CP) 
Tyler Peak (TP) and Hurricane Hill (HH)(low mountain goat densi
ties), and exclosures established on Klahhane Ridge (EX) in 1976. 

Total plant 
cover 

Festuca 
cover 

Phlox 
cover 

Species 
per M2 

Lichen/moss 

Bare ground 
cover 

Number of 
plots 

KR 
65.4 
+5.3 

11.0 
+5.8 

25.0 
+9.8 

15.1 
+2.6 

0.9 + 

32.9 + 
6.9 

11 

CP 
73.6 

+16.4 

17.3 
+2.8 

14.6 
+4.5 

17.2 
+2.1 

27.6 + 
12.1 

6 

TP 
75.3 

+12.2 

19.8 
+4.9 

19.2 
+7.8 

16.9 
+1.3 

11.1 + 
6.8 

13.8 + 
5.1 

7 

CP+TP 
74.5** 
+13.7 

18.7*** 
+4.1 

17.1** 
+6.7 

17.0** 
+1.6 

20.2 + 
11.2 

13 

EX 
66.0 
+10.0 

16.2** 
+1.9 

22.7 
+6.3 

16.7* 
+1.7 

35.3 + 
9.4 

6 

HH 
86.2 

30.8 

25.2 

11.6 

9.2 + 
5.2 

4.6 + 
5.0 

5 
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EFFECTS OF MOUNTAIN GOATS ON THREE PLANT SPECIES 
UNIQUE TO THE OLYMPIC MOUNTAINS 

D.K.Pike 

INTRODUCTION 

The Olympic Mountains have been isolated from neighboring mountain ranges 

for a considerable time. This has resulted in the evolution of animal and 

plant taxa unique to these mountains. Thirteen plant taxa are endemic to the 

Olympic Peninsula with 68 additional taxa considered rare and/or endangered 

(Hitchcock and Cronquist 1973, Washington Natural Heritage Program 1980). 

This study was directed toward the impact of mountain goats on three 

unique species, Campanula piperi amd Senecio neowebsteri endemic to the Olym

pic Mountains and Asterpaucicapitatus restricted to these mountains and those 

of Vancouver Island. 

Hypothese tested include: 

1. Mountain goat habitat utilization and the distribution of the three 

species overlap. 

2. Goat effects include grazing as well as trampling of the three 

species. 

3. Goat use alters plant vigor as measured by plant production, sexual 

and asexual reproduction, seedling established, and longevity. 

4. Goat use and simulated grazing alters the leaf area and the general 

morphology of clipped plants. 

METHODS 

The habitat of Campanula piperi on Klahhane Ridge is restricted to basal

tic rock outcrops with a south exposure. The plants form small mats where 

small pockets of soil occur. Most plants are above 1600m. 
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Aster paucicaptatus is closely related to Aster ledophyllus which occurs 

in the Cascade ranges. This species occurs in open herbaceous meadows where 

it grows with 20-30 shoots (l-5dm tall) per clump. The species is quite com

mon in mesic to dry subalpine meadows. 

Senecio neowebsteri is restricted to steep scree slopes, generally in 

cirques where snow melt is in late July. The plants develop from a thick 

caudex and produce relatively large shoots with reddish-purple leaves that are 

conspicuous against a background of rock. 

Exclosures were used to study the short term effect of eliminating graz

ing. Those build in 1977 were of two sizes, lXlm and 4x4m. In 1979 exclosure 

frames (cones 1m in diameter 1.3m high were used. Adjacent paired plots were 

also used to measure cover of vascular plant species, bare soil, rock, mosses 

and lichens, and plant density. Litter classes (l=high, 2=moderate, 3=low, 

4=none) erosion classes (l=no erosion, 2=surficial loss, 3=lcm loss, 4=l-10cm 

loss, 5=10cm loss, 6=erosion pavement), and plant phenological stages (leaf 

emergence, full leaf expansion, flower bud, anthesis, seed set, and leaf die-

back) were measured on the plots. Within exclosures (n=5) the three species 

were subjected to clipping (simulated grazing): two week intervals, start of 

growth and at anthesis, and only at anthesis. The harvested material was oven 

dried at 70*C for 24 hr and weighted to the nearest 0.1 mg. Production was 

expressed on a per shoot (ramet) basis. 

Root samples of Aster and Senecio were collected at each phenological stage, 

dried and used for analyses of crude protein (total N X 6.25), phosphorus, and 

calcuim. Seeds of Aster and Senecio were collected and tested for germination 

(100 seeds at 25*C within the greenhouse). Aster was also tested with tetra-

zolium salts. 
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In order to compare the responses of these species sampled under a regime 

with high grazing intensity with a "control site", plots were also established 

at Tyler Peak were grazing intensity is low. The bed rock at Tyler Peak is 

also basalt, the elevation is similar to Klahhane Ridge (1850m) as is slope 

aspect and slope angle (36* to 41* Tyler vs. 37 to 44' on Klahhane). 

RESULTS 

The comparative date in Table 19 show that, for each species and the com

munity in which it occurs, there is a greater species richness and plant cover 

on Tyler Peak. In the communities where Camapanula piperi dominated, nearly 

all associated species had greater plant cover where goat grazing is minimal. 

The percentage of bare ground and amount of erosion were greater at 

Klahhane and the amount of moss and lichen cover were less than at Tyler Peak. 

Phenological development in Camapanula was not significantly different in the 

two sites, but the number of shoots and flower buds was greater on the 

Klahhane plants. 

Plants of Camapanula piperi were enclosed in small wire exclosures to 

prevent grazing. Plants in five exclosures were clipped e^ery two weeks and 

five plants were clipped only at anthesis, the control plants. Excluding 

(protecting) plants for only one growing season provided only limited data. 

However, plants clipped at two week intervals resulted in a shoot production 

only 2fJr% of controls while plants normally grazed by goats had a shoot produc

tion averaging 62* of controls. Flowering was minor in all of the plants 

except the controls. 

Aster paucicapitatus was one of the species with the greatest plant cover 

and highest frequencies per plot of the species sampled at the two sites. In 

the communities (Lupine-sedge, Tall grass-herb) where Aster predominates, 



TABLE 19. Plant cover, number of species, and erosion and litter classes for plant communities in which 
Camapanula plperl. Aster Pauclcapitatus and Senecio neowebsteri were sampled on Klahhane Ridge 
and Tyler Peak, Olympic Mountains/ 

I. Erosion classes: 1 • no loss; 2 - surficial loss; 3 - up to Icm loss, 4 • I to 10 cm loss; 5 • >10 cm loss; 
6 = erosion pavement. 

2. Litter classes: I • high litter load; 2 • moderate, 3 • low; 4 - none. 

* P - <0. 10 
** P - s0.05 

„, . Camapanula plperi Aster paucicapitatus Senecio neowebsteri 
Characteristics c £-c E c 

Klahhane Tyler Klahhane Tyler Klahhane Tyler 

Number of vascular plant 
species 27 A3 30 31 10 13 

Plant cover (*) 
vascular 8.5 27.0 54.4 27.7 3-2 6.A 
moss 6.0 15.0** T 0.2* T 0.2* 
crustose lichens 23.0 26.1 0.1 0.3 0.1 0.8* 
fruticose lichens 0.8 3.7** - - -
foliose lichens 0.1 0.4** - - -

Bare ground (%) 31.0 16.9** A8.I 74.4** 79.3 81.5* 
Rocks (>7.5cm) (*) 30.3 12.6** 0.3 4.0** 14.5 8.7* 
Erosion classl A.2 1.9** 3.9 3.A 5.1 4.7* 
Litter class? 2.7 2.3** 2.6 2.6 3 5 3.1* 

i 
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total plant cover was greatest at Klahhane but not the amount of bare ground. 

The number of stems per plant and the number of flowers per stem were signifi

cantly higher (P=0.05) at the lightly grazed Tyler Peak site. 

At Klahhane Ridge, total shoot growth of control plants and those clipped 

only at the start of growth were not significally different, nor were those 

clipped every two weeks versus those grazed by goats. However, the two groups 

were significantly different from each other from late July to the end of the 

season. Total production per ramet of the plants clipped every two weeks and 

the exclosure plants was significantly lower from exclosure plants clipped 

once, the controls, and the Tyler Peak plants. This again illustrates the 

impact of grazing and artifical clipping on plant growth. 

In general, plants enclosed for two years were taller and had larger 

leaves and fewer shoots per clump than plants normally grazed. The above-

ground net production of exclosed (grazed) plants and plants clipped every two 

weeks was 40-45% that of the controls. Flowering and fruiting was also 

greater in the controls and even greater in the plants on Tyler Peak where 

grazing pressure is minor. 

Senecio neowebsteri grows on scree slopes where few other species occur. 

Consequently, plant cover is minimal (3.2% Klahhane, 6.4% Tyler Peak) (Table 

19). The plants grazed had significantly less cover and biomass compared with 

enclosure plants. Simulated clipping was also effective in reducing leaf 

length and leaf number compared with control plants. 

The exclosure experiments for Senecio neowebsteri indicate visually 

that grazing removed 65% of aboveground net production of individual plants 

in 1979 and 1980. The simulated grazing (clipping) experiments of 1980 indi

cated that clipping resulted in a reduction of leaf size. There were not sta

tistically significant differences in plant production between controls, 
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plants cl ipped once, plants cl ipped every two weeks and plants normally graz

ed. Observations ind ica te that f lowers a preferred over mature leaf shoots. 

Newly emerged shoots are less f requent ly grazed. 

Based upon the resu l t s of th i s study i t is not evident that these species 

are ser ious ly impacted by mountain goat g raz ing , except where soi ls are remov

ed around rock masses, the favored habi ta t of Camapaula pi p e r i . Plant cover 

of a l l three species was greater on Klahhane Ridge than at Tyler Peak, a l 

though plant frequency was lower on Klahhane for Camapanula and Senecio. 

This is not to say that a l l three species receive l i t t l e impact by goat 

g raz ing , only that there is no c lear evidence of plant population reduction as 

a resu l t of high goat dens i ty . There is c learcut evidence that repeated graz

ing during the season as with frequent c l i pp ing of shoots does s ign i f i can ty 

reduce f lower ing and the set t ing of v iable seed. 
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PATTERNS OF JUVENILE MORTALITY AND PLANT LIFE HISTORIES IN RESPONSE 
TO MOUNTAIN GOAT DISTURBANCE, OLYMPIC NATIONAL PARK 

R.S. Re1d 

INTRODUCTION 

Dense populations of mountain goats have made several marked changes in 

the plant cover of the subalpine meadows of Olympic National Park. By graz

i n g , t ramp l ing , and dust -bath ing, goats remove plant par ts , leave v i s ib le 

t r a i l s , and create large patches of bare ground (wallows). This considerably 

a l t e r s the microenvironment and creates a d i f f e ren t balance of stresses for 

p l an t s , al lowing those species to le ran t of disturbance to establ ish and f l ou r 

i s h . I t also changes the number and d i s t r i b u t i o n of hospitable microsites for 

seed germination and seedling establ ishment. 

One purpose of t h i s study is to document and predict changes in plant 

populat ions caused by mountain goats. However, the population composition and 

d i s t r i b u t i o n may be determined at a time and on a scale e n t i r e l y d i f fe rent 

from tha t of the current mature plant population (Harper 1977). I t depends on 

shor t - term f luc tua t ions as well as long-term changes in flower and seed pro

duc t i on , seed germinat ion, seedling establ ishment, and survival to reproduc

t i o n as an adu l t . I t is necessary to observe and measure the seed l ing-scale 

environment as well as to monitor j uven i l e and adult plant survival and repro

duct ive output to understand causes and possible trends. 

From May to September, 1981 and 1982, the present study was focused on 

the south side of Klahhane Ridge, Olympic National Park, with the fol lowing 

ob jec t i ves : 

1) Describe the microenviroment and changes caused by goats in the number 

and d i s t r i b u t i o n of microsi tes avai lab le for plant establishment. 
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2) Evaluate the ability of species to establish in these different micro-

sites by monitoring plant survival of juveniles and adults. 

3) Determine the effect of goats on plant survival in relation to other fac

tors (e.g, frost heaving, climate). 

4) Explore the importance of natural selection at the juvenile stage. 

5) Compare the density, biomass, growth, phenology, reproductive output, 

survival, and water relations of four species able to grow in both wallows and 

the adjacent meadow. 

6) Make predictions of future plant population changes under different 

goat-use intensities. Detailed methods, results, and discussion for this 

study are presented in Reid (1983). The following report is a brief summary 

of that thesis. 

METHODS 

Patterns of Juvenile Mortality 

In 1981 and 1982, seedlings of six species (Achillea millefolium, Erysimum 

arenicola, Viola adunca, Festuca idahoensis, Phacelia heterophylla, Silene 

parryi) and first-year shoots (ramets) of Achillea were marked for survival 

and growth studies. Nomenclature follows Hitchcock and Cronquist (1978). 

Seven treatments were selected to reflect a scale of goat-use intensity from 

bare soil in active wallows to dense plant cover in exclosures. Survival and 

growth were followed using both a mapping table (photo, pg. 35, Reid 1983) 

relocated over fixed points and an individual flagging method (see Appendix C 

for methods). Maps of plant cover and shoot density were drawn to provide a 

baseline for future succession studies and to record the distribution of 
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microsites available for seedling and ramet establishment. Details of the 

mapping design are contained in Appendix A. 

After marking, ten static parameters (Table 20) of the environment immedi

ately (JK 5cm) surrounding each marked seedling (i.e., microsite) were measured 

to provide correlations between seedling mortality and microenvironmental fac

tors. Periodically throughout the season, dynamic microsite parameters were 

measured in the two extremes of available microsites :1) bare soil and 2) 

under dense Phlox diffusa cover. These included vapor pressure difficit (VPD), 

air and soil temperature profiles, wind speed profiles and soil moisture pro

files. A distinction was made between static and dynamic parameters because 

the two groups require different methods of analysis. 

The static microsite parameters (independent variables) were examined 

singly (bivariate) and in combination (multivariate) for their ability to pre

dict the survival (the dependent variable) of a seedling to the end of its 

first growing season. Bivariate correlations were done with contingency 

tables, X2 tests and Kendall's tau (SPSS, Nie et al. 1975). Logistic re

gression (BMDP, Dixon 1981) was chosen for multivariate analyses of seedling 

survival. Results were considered significant if p<.05. In depth explanation 

of these methods appears in Appendix A, pg. 212, Reid (1983). 

Plant Life Histories 

To investigate the population dynamics of plant species that flourish in 

areas of high mountain goat disturbance, four species were selected (Achillea 

millefolium, Artemisia ludoviciana, Phacelia heterophylla, and Eriophyllum 

lanatum). The variability of possible selective forces was examined in 

conjunction with the flexibility and endurance of the plants response at each 
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Table 20. List of safe-site descriptor variables and their ranges 
used as independent variables in seedling survival analyses 
(Ex.=Exclosure). 

CATESOaiCAt VARIABLES 

CUSS 
VARIABLE NAME DESCRIPTION LOW HIGH 

Mlcroslte Density of Bare Till Grasses* Open Dense 
Type plant cover Soil Forbs Sedges Mat Mat 

Grazing Scale of goat- Hurricane 1976 1980 1981 Trampled Hallow Hallow 
Treatment use Intensity H111 Ex. Ex. Ex. •Grazed Edge Center 

Organic O.M. content of No O.M. L i t t l e O.M. Medium O.M. High O.N. 
Matter surfldal soil OX 1-12% 12-2SX >25X 

Nearest Species of near- Tall Festuca* Phlox* 
Species est mature plant Forbs Achillea Carex Arenarla 

Upslope Species of nearest Tall Festuca* Phlox* 
Species upslope mature p i t . Forbs Achillea Carex Arenarla 

CONTINUOUS VARIABLES 

RANGE 
VARIABLE NAME DESCRIPTION LOW HIGH 

Distance to nearest 
Nearest mature plant 0 3CXX) cm 

Distance to nearest 
Upslope upslope mature plant 0 3000 cm 

Percent Percentage of daylight hours 
Shade s i te 1s without direct sunlight 0 1001 

Size of a majority of the 
Soil s u r f l d a l soil particles 0 3.0 cm 

Degrees deviation of s i te 
Slope from horizontal 0 56* 
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stage of the life cycle. Experiments measured the comparative response of 

individuals of each species in disturbed (wallow) and relatively undisturbed 

(vegetated meadow) sites in the following characters: 1) seed germination, 2) 

seedling emergence, 3) seedling survival, 4) adult survival and growth, 5) 

speed of development (phenology), 6) flower and seed production, 7) seed dis

persal and 8) water stress tolerance. In particular, adult survival was moni

tored using a reciprocal transplant experiment into wallow and meadow sites. 

Significance of data was tested with either a parametric analysis of variance 

or a non-parametric Kruskal-Wallis test (Tuccy 1978), both through SPSS sub

programs (Nie et al. 1975). 

RESULTS 

Patterns of Juvenile Mortality 

First season, overwinter, and second season survival values (Table 21) 

showed that the first season was the period of greatest mortality for seed

lings, with mortality steadily decreasing as seedlings increased in age and 

size. In comparison, adult mortality over the same period was very low and 

steady (0-7%). Ramet (first-year shoot) mortality followed the same pattern, 

but was less than that of seedlings. 

Logistic regression and contingency table analysis (Tables 12-16, pgs. 

74-88, Reid 1983) revealed several distinct correlations of the ten static 

microsite parameters with seedling mortality patterns. First, the microsite 

parameters that most frequently predicted survival were: a) distance to the 

nearest mature plant, b) microsite type, and c) grazing treatment. Grazing 

treatment predicted survival well because it was a composite of several micro-

site variables. Variables that do not predict survival well were: a) soil 

particle size and b) degree slope. Second, mortality was different among 
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Table 21 . Comparison of f i r s t season, overwinter and second season mor ta l i t y 
in adul ts and seedlings of those species, studied fo r two seasons; NK=not 
known; *=s i gn i f i can t at P<.05, G-test* . Percentages are calculated from those 
a l i ve at the end of the previous per iod , so sample sizes are va r iab le . 

SPECIES: 

Achillea 

Seed!ings 

Ramets 

Adults 

Eriophyllum 

Seedlings 

Adults 

Erysimum 

Seedlings 

FIRST 
SUR\ 

Bare 

100 * 

28 

0 

*60 

*0 

70 

SEASON 
fIVAL 

Veg. 

54 

40 

0 

*50 

* 7 

67 

OVERWINTER 
SURVIVAL 

Bare 

NA 

26 

0 

NK 

13 

50 * 

Veg. 

39 

24 

7 

NK 

21 

25 

SECOND 
SURV: 

Bare 

NA 

0 

7 

NK 

0 

14 

SEASON 
IVAL 

Veg. 

7 

6 

0 

NK 

0 

4 
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different species of juveniles. As seen in Chapter IV (Reid 1983), mortality 

was also species-specific at the adult stage. Third, not only was mortality 

species-specific, but the definition of a species safe site was specific. A 

safe site is particular set of physical parameters of a microsite surrounding 

a seed or seedling which provides the necessary conditions for successful 

germination or establishment (Harper 1961). These safe sites were local and 

ephemeral, specific in both time and space. 

The relative significance of the dynamic microsite parameters was less 

distinct, because the value of each parameter was strongly dependent on the 

value of several other parameters (e.g., soil temperature and soil moisture). 

However, it appears that differential soil surface temperature, erosion and 

soil moisture status had the greatest effect on seedling mortality. The role 

of competition was not investigated. 

Directly, mountain goat activities had no discernible effect on seedlings 

growing under Phlox diffusa in open plots compared to fenced plots. However, 

they did cause substantial mortality in seedlings growing in bare soil, wallow 

sites compared to exclosed sites. Principally, their effect was indirect 

through changes in the microenvironment and shifts in the distribution of 

microsites available for establishment. 

Plant Life Histories 

Table 22 summarizes plant response at the life cycle stages of each 

species. Each species responded more favorably to the conditions in wallow 

(disturbed) sites than meadow (relatively undisturbed) sites. For example, in 

the meadow sites, Artemisia never flowered, Phacelia never survived to matur

ity, Archillea produced significantly less viable seed than in the wallow, and 

Eriophyllum transplants showed significantly greater mortality compared to 
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Table22. Summary of responses of four colonizing species to 
existence in open (disturbed) and vegetated (undisturbed) 
microsites. Statistically significant responses show direction 
(e.g., ">W" means the response was significantly (p<.05) greater 
among individuals growing 1n wallow microsites). W=Wallow, 
T*Trampled, M=Meadow, NS=not significant, NA»not applicable. 

SPECIES: 
CHARACTER 

1) Non-flowering 
shoot density 

2) Flowering 
shoot density 

3) Percent 
flowering 

4) No. leaves/ 
shoot 

5) Shoot 
height 

6) No. rhizome 
buds/shoot 

7) Survival of 
transplants 

8) Total season 
leaf RGR 

9) Speed of 
development 

10) Percent full 
embryos 

11) No. flowers/ 
stalk 

12) No. seeds/ 
f1ower 

13) % seedling 
survival 

Achillea 

NS 

>W 

>W 

>w 

NS 

>w 

NS 

NS 

>W 

>W 

>W 

>w 

>M 

Eriophyllum 

>M 

NS 

NS 

>T 

>M 

NS 

>W 

>T 

>W 

>M 

>W 

NS 

NS 

Artemisia 

>W 

Phacelia 

No plants 
of this 
species 
grow in 

Only flowers the 
in wallow meadow-

same 

NS 

NS 

NS 

>W 

>W 

NS 

no com
parison 
possible. 

Only flowers 
in wallow 

same 

same 

None emerged 
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trampled s i t e s . Increased water stress resu l t i ng from root depletion of so i l 

water in meadow s i tes may p a r t i a l l y explain the d i f f e r e n t i a l mor ta l i t y , flower 

i n h i b i t i o n , seed abor t ion, and rhizome bud format ion. 

Comparing among species, Table 23 shows that each species exhibited a d i f 

fe ren t degree of phenotypic p l a s t i c i t y . In a l l cases, Achi l lea showed the 

most p l as t i c a b i l i t y to respond to the d i f f e ren t balance of stresses found in 

wallow and meadow s i t e s . Eriophyllum and Artemis ia were much less p las t i c , yet 

qu i te d i f f e r e n t in response. Phacelia could not be compared because i t grew 

only in d isturbed s i t es . 

Like j uven i l e m o r t a l i t y , adult response to mountain goat disturbance was 

spec ies -spec i f i c . However, unl ike j uven i l es , stresses on adults usually re

su l ted in changes in phenotypic expression rather than death. Differences of 

phenotypic expression were found in shoot densi ty adult mor ta l i t y after t rans

p l a n t a t i o n , water po ten t ia l s , developmental t im ing , seed and flower produc

t i o n , seed d ispersa l , seed germination and seedling emergence. This increased 

p l a s t i c i t y in the adult stage fu r ther emphasized the vu lne rab i l i t y of the 

j u v e n i l e stage and the importance of natural se lec t ion in juven i les . 

DISCUSSION 

Factors Influencing Seedling Emergence and Survival 

The fac tors that inf luence seedling emergence and survival f a l l into three 

ca tegor ies : 1) ab i o t i c ; 2) b i o t i c ; and 3) i n t r i n s i c . Abiot ic influences are 

s t a t i c and dynamic features of the seedl ing-scale environment that determine 

the spec ies-spec i f ic d e f i n i t i o n of a safe s i t e . B io t ic influences include 

herbivores and p lant -p lant i n te rac t ions , the l a t t e r e i ther between or wi th in 

age groups. I n t r i n s i c factors are features of the ind iv idua l ' s morphology, 
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Table23. Comparison of responses of four colonizing species to 
existence in the open (disturbed) and vegetated (undisturbed) 
microsltes. Values are means with wallow/meadow. NA=not 
applicable, NT=Not taken. 

SPECIES: 
CHARACTER 

1) Non-flowering 
shoot density 

2) Percent 
flowering 

3) Root 
morphology 

4) Development 
speed 

5) Survival of 
transplants 

6) Growth 
response 

7) No. seed/m2 

8) No. full 
embryos/m2 

9) % germination 
(10/20°) strat. 

10) % seedling 
emergence 

11) % seedling 
survival 

Achillea 

43/32 

49/13 

Robust 
rt.+rhz. 

Fast 

Most 

Least 

21,149/ 
1043 

9456/282 

63 

0.6/5.3 

0/46 

Eriophyllum 

2/18 

13/11 

Spindly 
rt.+rhz. 

Fast 

Least 

Intermed. 

110/273 

11/32 

19 

4.4/7.7 

40/50 

Artemisia 

8/1 

4/0 

Woody 
caudex 

Slow 

Intermed. 
(low) 

Most 

2797/0 

322/035 

1.4 

0/0 

None 
emerged 

Phacelia 

111/0 

69/NA 

Oeep 
Taproot 

NT 

NT 

NT 

4725/NA 

43/NA 

2.0 

NT 

36/14 
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physiology, and size that influence its response to extrinsic abiotic and 

biotic factors. 

In combination, these abiotic, biotic, and intrinsic influences appear to 

explain seedling survival patterns. Needle ice, goat activities, erosion, 

soil temperatures, wind speed, and potential VPD differentially affect seed

lings growing in bare ground compared to those under plant cover. In con

trast, competition with adult plants for light, water, and nutrients favors 

seedling existence of some species in bare ground (Osburn 1961). 

The magnitude and predictability of each of these influences change as the 

growing season progresses. Needle ice, goat activities, and erosion are par

ticularly damaging early and late in the season. VPD, competitive effects, 

and soil moisture stress are most severe during the mid-summer drought. Fit

ness is maximized in those individuals that either avoid, tolerate, or escape 

these stresses more effectively than other individuals. 

Finally, each species appears to have particular traits that allow differ

ential survival in different microsites. Phacelia can endure the stresses of 

bare ground with a long tap-root, fast growth, and pubescent leaves. In con

trast, Festuca has traits suited for growth under vegetation: vertical growth, 

early germination, and fibrous roots. Even more important may be that these 

species lack the characters to enable them to exist in other microsites. 

Juvenile and Adult Tolerances 

Comparison of the abilities of juveniles and adults to endure stress, dis

turbance and competition shows that tolerances can change as the individual 

develops (see Table 23). These patterns suggest that the adult and juvenile 

stages of the same plant can have quite different niches. This conclusion 

supports the conceptual model developed by Grubb (1977). Niches would be ex

pected to shift or broaden/narrow gradually through ontogenetic development. 
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Table 24. Tolerances of the juven i le and mature stages to s t ress , d i s t u r 

bance, and competit ion of plant species on Klahhane Ridge. S=stress, 

D=disturbance, and C=competition. 

SPECIES JUVENILE TOLERANCE MATURE TOLERANCE 

AchiIlea seedling 

Achillea ramets 

Erysimum 

Festuca 

Phacelia 

Silene 

Viola 

"Competition" 

Stress 

S,D,CComp., Dist. 

Str., Comp. 

Str., Dist. 

Str., Comp. 

"Competition" 

S,D,C, (es.D) 

same 

Competition 

St r . D is t . 

Competition 

Dist . (Sacket t 1980) 

The coupl ing of these two stages of tolerance explains much of the species 

p a t t e r n . The a b i l i t y of Ach i l l ea to invade d i f f e r e n t kinds of microsi tes with 

e i t he r seedlings or ramets explains i t s ubiquitous occurrence in the Olympics 

and perhaps worldwide. At the other extreme, tolerances of Phacelia explain 

i t s r e s t r i c t i o n to growth in s t r e s s f u l , d isturbed s i t e s . Again, i t is not 

su rp r i s i ng that Erysimum appears to be recent ly widespread on Klahhane Ridge 

(Pike 1981). I t is easy to see from t h i s l i s t why cer ta in species (Ach i l l ea , 

Phacel ia , Erysimum) pers is t around wallows and other h ighly disturbed si tes 

whi le other species are prominent in the c losed, r e l a t i v e l y undisturbed 

meadow. 
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Predlctions of Plant Community Change 

To accurately predict the future behavior of an association of species, it 

would be necessary to understand the differentiation of tolerances and safe-

site requirements for each species at each life cycle stage. Not only that, 

it would be essential to understand how the response of each species changes 

with environmental fluctuations and biotic interference. However, from the 

viewpoint of a two year study, there are some predictions of plant community 

change that can be made with reasonable certainty. 

The following predictions are made assuming mountain goat use is maintain

ed or increased. Predictions in the absence of goats will follow. 

1) Goat presence will maintain or increase the occurrence of the follow

ing: erosion, needle ice formation, soil compaction, inorganic soil with large 

particle size, and bare ground. 

2) With the increase in bare ground, there will be more area covered by 

extremes of temperature, wind, and irradiance, and less area affected by 

later-season soil water depletion by plant roots. 

3) For colonizing species, goat disturbance will increase the number of 

safe-sites available for seed and ramet establishment. Thus, species able to 

establish in bare ground (Phacelia, Erysimum, Achillea ramets) will increase 

in cover and density. In particular, Erysimum, with its ability to establish 

in a wide range of safe-sites, will increase. This implies an increase in 

colonizing species density. 

4) For non-colonizing species, goat disturbance will decrease the diver

sity of safe-sites available for seedling establishment. Thus, species that 

are represented by a few seedlings per season will decrease in numbers or per

haps disappear entirely from the meadow. This implies a decrease in non-

colonizing species density. 
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5) Overall, species density should decrease because there are fewer 

species able to colonize goat disturbed areas than there are species able to 

exist in closed vegetation. 

6) Vegetation patches will become smaller and more discrete. Within 

these patches, competitive interactions may increase. 

7) Festuca, a present community dominant, will occasionally become 

established in bare mineral soil, but primarily will be restricted to estab

lishment under existing plant cover. Subsequently, its distribution will 

become more patchy and disjunct. Even so, it is likely that it will maintain 

its dominance in these discrete patches. 

8) The other community dominants (Phlox and Arenaria) will probably con

tinue to persist for a long period of time because of their hardy growth 

forms. In places where they become physically removed, it is unlikely that 

their small, fragile seedlings will reestablish until other species are estab

lished. Apparently, these species regenerate infrequently, probably only in 

years of unusually good conditions. 

9) The three community dominants will probably maintain dominance within 

stable vegetation patches. In other areas, colonizing species will be domi

nant and eventually may set up a dominance hierarchy. 

10) Species that regenerate by both seed and ramet will increase in den

sity. For example, establishment of Achillea will be principally by seed in 

vegetated areas and solely by ramets in bare areas. This may lead to differ

ences in genetic plasticity of Achillea populations growing in areas of dif

ferent ground cover. 

11) The ratio of ramet to seedling regeneration will increase. In par

ticular, species like Eriophyllum and Artemisia will maintain populations 

principally by vegetative propagation. 
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12) Because of these changes, there should be patches of adjacent 

vegetation that have very different successional ages. 

If mountain goats are absent, these opposite patterns will be seen: 

1) Plant cover, soil stability, and organic matter will increase. 

2) Colonizers will decrease and non-colonizers will increase, principal

ly because of a shift in the diversity of species-specific safe sites avail

able for establishment. 

3) Species density will increase because there appear to be a larger 

percentage of non-colonizing species than colonizing species among those in 

the meadow. 

4) Cryptogamic cover will probably increase. Cryptogamic cover in

creases soil stability, organic matter, soil water-holding capacity (Kleiner 

and Harper 1977), and nitrogen levels (Shields 1957). 

5) Patches in the meadow will continue to revegetate and eventually, the 

succesional age of the meadow will increase. 

Revegetation Options 

The options for revegetation include seeding, transplantation of seedlings 

and adults, and vegetative spread from surrounding rhizomatous species. The 

following recommendations are made from personal observation and the data in 

this study: 

1) Revegetation would be most successful through a combination of these 

options. Stabilization of the soil through transplantation of young adults is 

essential before successful establishment by seed will take place. Trans

plantation of seedlings will not likely succeed. 
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2) Certain species are better able to tolerate disturbance than others. 

In this study, greatest transplantation survival was in Achillea (93%), 

followed by Artemisia (67%), then Eriophyllum (47%). After two years in the 

middle of a large, actively used wallow, the Achillea individuals were large 

and robust while those of the other two species had grown little since 

transplantation (Reid, pers. obs. June 1983). Achillea is further ideal 

because it appears to spread more rapidly by rhizome than others and is very 

plastic. 

3) For seeding, Erysimum and Phacelia would be the most successful of 

those in this study. These two species grow rapidly and can establish in 

actively eroding soil. Achillea and Viola would be poor choices because no 

seedlings of either species survived in bare soil microsites throughout this 

study. Festuca, even though its survival rate was not as high as the first 

two species, may be a good choice because it germinates very rapidly, grows 

quickly and, once established, holds the soil well. 

4) There is ample seed and ability to revegetate within the species 

native to Olympic National Park. Coupling this fact, Park Service philoso

phy, and ecological common sense leaves absolutely no reason for any revegeta-

tion to be carried out with non-native species. 
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INTEGRATION 

Within the Olympic National Park, mountain goats are largely confined to 

subalpine and alpine areas where there are rock outcrops for protection, mea

dows for foraging, and cirque basins for thermoregulation (Stevens 1979, 1983, 

this study). Our research was confined to the Klahhane Ridge because of the 

high goat density and its ease of access for both research and public viewing 

of the animals. The field research was initated in 1979 and concluded in 

1982. 

Soils 

The most conspicuous aspect of heavy goat utilization of these high moun

tain landscapes is the presence of dusting wallows, trails and denuded ridge-

tops where salt licks were established. Soils within the Klahhane meadow are 

poorly developed and are subject to severe erosion due to steep slopes. Sheet 

erosion is accelerated by trampling, the most important disturbance factor 

within the meadow. The major objective of this portion of the study was to 

initiate research on the magnitude and rates of soil erosion. The south-fac

ing Klahhane meadow has 34% of its area bare, the result of trampling (15%), 

trailing (6.7%), wallows and outwash (7.2%) and other bare soil and organic 

mat surfaces (8%) (Harter this report). Nearly all of this is attributed to 

goats and the surfaces are nearly devoid of cryptogams and organic mat sur

faces. In contrast, the comparable Tyler Peak site showed 9% bare areas, 

about 33% of this is obvious disturbance; cryptogams are a conspicuous compo

nent of all sites. 

The measurements of sheet erosion confirm that erosion is inversely 

related to plant cover, ranging from 1 g.m-2 in a closed plant community 

to >600 g.m-2 in a bare soil site for a 24 h period in late summer. Run-
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o f f from the enclosed plots was 1 to 18% of p rec i p i t a t i on received and 

was not corre lated with percentage of bare surface or sediment load. High 

sediment y i e l d at the s i t e with lowest runof f indicates overland flow 

cont r ibutes s i g n i f i c a n t l y to erosion. 

Through the use of cross-sect ion p ro f i l es and the placement of painted 

stones in wallows, i t was possible to estimate rates of wallow erosion. Most 

mater ia l moving w i th in wallows was >2 mm in s i ze . During an 11 month per iod, 

wallow SW #2 showed a displacement of 1.3 x 10-3 m3 0 f mater ia l . Both 

sheet erosion and gu l l y formation were evident w i th in wallows. Only through 

annual monitoring of these wallows can rates of erosion be determined (Harter 

t h i s r e p o r t ) . 

Mlcroenvironments 

Through the use of weather instruments, the microenvironments of the 

Klahhane meadow (south- facing) and the cirque basin (nor th- fac ing) were moni

tored 1980-1982. From 1979-81 snow accumulations were below normal (25 to 60% 

of normal), while 1982 was near normal. This coupled with below normal summer 

p rec i p i t a t i on in August 1979-81 resulted in unusually dry mid-summer condi

t i o n s . In general global rad ia t ion was high (average 20 MJ.rrr^.d", 

mean d a i l y temperatures were near 10*C with few f reezing n igh ts , and vapor 

pressure d e f i c i t s averaged 0.3 K Pa, but exceeded 1.0 K Pa during hot, dry 

per iods. Although plant production data are not avai lab le from more typ ica l 

summers, plant production would no doubt be 10-25% greater . 

At the cirque s ta t ion temperatures were lower (0.5 to 2°C), p rec ip i ta t ion 

was greater , and VPD was lower, especial ly in mid-summer. 

Soi l moisture was measured in 1981, a r e l a t i v e l y hot and dry summer. 

uisturDance by goats did not appreciably a l ter the so i l water regime or water-



-99-

holding capacity except as surface organic matter is removed. Surfce soils 

frequently had soil water potentials of -1.0 to -1.5 MPa and during the three 

week dry period in August, soil water potentials averaged -3.0 MPa. 

Implications of this will be discussed later. 

Plant Communities and Plant Production 

Nine plant community types were identified through sampling of 23 stands 

and cluster analysis. They range from mat and cushion plant dominated commun

ities on ridgetops usually snow free in March to various communities in mesic 

sites covered by snow until mid July. On a substrate gradient they range from 

stable soils in cirque basins dominated by sedges and herbs to slopes of 

20-30* dominated by bunch grasses (Phlox - fescue) to steep scree slopes 

(35-40°) with few vascular pants. Time of snowmelt and summer soil water con

ditions appear most important in determining the mosaic pattern of communi

ties. Plant production (aboveground) ranged from 20 g.m-2 in the heather 

community and 170 g.m"2 in the large Phlox-fescue meadow, to 220 g.m~2 

in the late snow release Lupine-gedge community. Of the estimated 154,600 kg 

production in all meadows in 1979, 74% occurred in the Phlox-fescue and the 

unstable herb meadows, mostly on the south-facing slope. Scree slopes make up 

25% of the total range, yet contribute 8% of total production (Pfitsch this 

report). 

Data analyses show that grazing frequency (percentage grazing among 

plots) and grazing intensity (magnitude of plant consumption) are unusually 

high for Festuca idahoensis and Carex spectabilis. The highest grazing fre

quency and intensity occurs in the cooler meadows and scree slopes in the 

cirque basin (Pfitsch this report). 
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The snow-free season (May-November) can be div ided into three seasons 

wi th respect to goat fo rag ing . In May and June goats concentrate in the 

Phlox-fescue and unstable herb meadows of the south slopes where production is 

h igh . During the July and mid-August per iod, goats concentrate the i r feeding 

on the north slopes, re turn ing to the ridges and south meadows only at night 

or on foggy days. The l im i ted extent of these nor th- fac ing meadows resul ts in 

high values for grazing frequency and i n t e n s i t y . From mid-August to November 

goats again concentrate t h e i r foraging in the south meadows. The unstable 

herb meadows on the south slope do have high grazing i n tens i t y and frequency 

i n mid-summer which is the product of higher rates of plant growth and proxim

i t y to rocky areas for escape. The mid-summer concentrat ion of goats in the 

c i rque basins and the unstable herb communities near the r idge crest appears 

t o be the l i m i t i n g component. The north slope meadows comprise only 30% of 

the avai lab le forage on a da i l y basis compared with the south meadows in 

s p r i n g . 

The ca lcu la t ion of mountain goat carry ing capacity resulted in an e s t i 

mated 190-280 goats based upon the u t i l i z a t i o n of the t o t a l range May-Novem

ber. These estimates were reduced to 150-220 animals i f the north-slope mea

dows are assumed to be used p r imar i l y during the 45 d mid-season period 

( P f i t s c h t h i s r epo r t ) . 

We have not considered the winter season and i t s very l imi ted a v a i l a b i l 

i t y of herbaceous p lants . No doubt coni fers play a more s ign i f i can t role in 

the winter d ie t of these animals as they do in the mountain goat populations 

i n southern Alaska (Fox 1983). 

Comparing data from Klahhane Ridge, Constance Pass and Tyler Peak, i t is 

evident that species d i v e r s i t y , t o t a l plant cover and cover of Festuca 

idahoensis are s i g n i f i c a n t l y less on Klahhane where goat populations are high. 



-101-

These f ind ings coupled with the greater abundance of bare ground and reduced 

cryptogam plant cover d i r e c t l y address the quest ion, "What is the to ta l impact 

o f mountain goats?" 

Goat Impact Upon Three Species 

Studies were conducted upon Campanula pi p e r i , Aster paucicapi tatus, and 

Senecio neowebsteri , species believed to be d i r e c t l y impacted by goat grazing 

and t rampl ing . Where possible comparative studies were conducted on Klahhane 

Ridge and on Tyler Peak. The data show that species r ichness, plant cover, 

inc lud ing cryptogams, and amount of bare so i l were s i g n i f i c a n t l y d i f fe ren t in 

the two areas. These f ind ings para l le l those of Harter ( th is repo r t ) . Cam

panula p i p e r i , a species common to rock outcrops, was s i g n i f i c a n t l y reduced in 

t o t a l production by c l i pp ing at two week in te rva ls (20% of controls) and by 

goat grazing (62% of c o n t r o l s ) . Flowering was minor in a l l plants except con

t r o l s . These resu l t s show Campanula has l i t t l e a b i l i t y for compensatory 

growth with excessive grazing pressure (Pike t h i s r epo r t ) . 

Aster paucicapi tatus grows in meadows, espec ia l ly the Lupine-sedge and 

t a l l grass-herb communities. Both a r t i f i c i a l c l i pp ing and goat grazing re

sul ted in s i g n i f i c a n t reductions in plant production when compared with plants 

c l ipped once, con t r o l s , and plants at Tyler Peak. Flowering and f r u i t i n g were 

also reduced in grazed and cl ipped plants (Pike t h i s repo r t ) . 

The data for Senecio neowebsteri were less pronounced, in that grazing 

and simulated grazing resu l ted in only reduced net production and leaf s ize. 

In general the f ind ings show that there is r e l a t i v e l y l i t t l e compensatory 

a b i l i t y in these three species, they a l l are reduced in vigor by grazing or 

simulated graz ing. However, there is no clear evidence of population reduc

t i o n from the grazing pressures of the past several years, although frequent 

c l i pp i ng resul ted in a s i g n i f i c a n t reduction in f lowering and seed set . 
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Seedling Emergence and Survival 

The previous studies speak to the ro le of the environment as i t i n f l u 

ences plants in general and to the ro le of adult plants in establ ished commun

i t i e s . This component deals with the complex interact ions of a b i o t i c , b io t i c 

and i n t r i n s i c factors that inf luence seedling emergence and survival in a 

r e l a t i v e l y s t ressfu l environment, compounded by goats. Only i f we understand 

the actions and in teract ions of these factors as they inf luence plant estab

l ishment , can we hope to understand the present changes in species composition 

and to learn how to r e h a b i l i t a t e moderately to highly disturbed so i l s in the 

f u t u r e . This series of studies was undertaken in the Klahhane meadow with in a 

Phlox-fescue community and i t s complex of wallows. In general , needle ice 

fo rmat ion , goat a c t i v i t i e s , and so i l erosion are pa r t i cu l a r l y damaging early 

and la te in the season. This resu l t s from c l imat ic condit ions and the predom

inance of goats. During the mid-summer drought, VPD, so i l moisture stress and 

plant competi t ion for l i g h t , water and nutr ients are most severe. Species 

f i t ness is maximized in those ind iv idua ls that e i ther avoid, t o l e r a t e , or 

escape t h i s stress (Reid t h i s r e p o r t ) . 

In addi t ion to understanding the seasonality of environmental stress, 

there is a need to determine j uven i l e vs. adult plant to lerances. Achi l lea 

m i l l i f o l i u m seedlings survive best in vegetated areas where juven i le tolerance 

i s mainly for competit ion with other species. Achi l lea raments, in contrast , 

grow well in open s i tes where they are to lerant of s t ress fu l condi t ions. 

Phacelia heterophyl la seedlings and adults are to lerant of s t r e s s f u l , d is tu rb

ed s o i l s and seldom occur in closed plant communities. Festuca idahoensis 

j uven i l es and adults grow best in closed plant communities and are seldom 

found in bare so i l of disturbed s i t e s . 
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Based upon these kinds of data (Reid th is report) has predicted the plant 

community changes that w i l l accrue as the resu l t of maintaining or e l iminat ing 

goat populat ions. Some of these points are discussed in the next sect ion. 

Alternative Recommendations for Mountain Goat Management 

Our research of the past four years provides at least par t ia l answers to 

a number of questions regarding the short term and long term impact of moun

t a i n goats on the so i ls and vegetation of steep t e r ra i n at high elevat ions. 

Only wi th long term monitoring of the s i tes established for measurement of 

s o i l e ros ion, plant recovery, and plant production can these predictions be 

confirmed or re fu ted . 

1 . Mountain Goat Populations Maintained 

Continued goat pressure in numbers greater than 1-2 animals per square 

k i lometer w i l l : 

a. Maintain or increase surface erosion and st imulate l imi ted gul ley 

erosion in wallows and possibly along steeper-angled t r a i l s through 

erosive substrates. Overland flow of so i l and rock par t ic les w i l l 

increase on the steep slopes. 

b. Maintain needle ice format ion, so i l compaction, soi l with large 

p a r t i c l e size and bare s o i l . 

c . Bare so i l w i l l maintain microenvironmental extremes of temperature, 

wind, and i r rad iance. 

d . Bare so i l w i l l provide more "safe s i t es " for the colonizing species 

Phacel ia, Erysimum and ramets of A c h i l l e a . 

e. Maintain pressure on the l im i ted extent of plant communities in the 

cirque basins with higher biomass of graminoids, especial ly Carex. 
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f. Further reduce the still abundant but decreasing biomass of Festuca 

idahoensis, the preferred species on the south-facing meadows. Be

cause of its inability to establish in disturbed sites, its distribu

tion will become more patchy. Overall plant cover and species rich

ness will continue to decline because fewer species are able to 

colonize goat disturbed areas vs. closed plant communities. 

g. A shift to greater cover of the less palatable species such as Hydro-

phyllum, Cirsium and Delphinium and the maintenance of the already 

abundant Phlox and Arenaria would further reduce the carrying capa

city for goats. 

h. Wallows will increse in their total area and will be difficult to 

revegetate as long as goats have direct access to them each year. 

2. Mountain Goat Populations Reduced 50 to 75% and Maintained at Lower 

Levels. 

The previously described scenario will be slowed and some bare soil 

sites may recover, especially if fenced for a number of years. The 

most sensitive areas (Carex and Festuca dominated meadows, wallows, 

steep slopes) will continue to receive the greatest impact. 

3. Mountain Goat Removal or Near Removal 

Should goats be totally removed, or more logically held at low densi

ties the following scenario is predicted: 

a. Plant cover, species richness, and soil organic matter will increase. 

This will reduce surface erosion from terraces in the steep meadows. 

b. The colonizer species will be reduced and the stable plant community 

species including the graminoids will increase. 

c. Bare patches in meadows will revegetate, primarily by the more agres-

sive colonizing species. The lower slope and smaller wallows will 
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probably revegetate in 10-15 years though floristic differences will 

be evident for at least 30-50 years. The selection of species for 

revegetation should be based upon the research by Robin Reid (see 

thesis and this report). 

4. Restoration of Soils and Vegetation 

Those severely eroded sites at the ridge tops with salt licks can be 

vegetated only at considerable expense through the addition of soil poc

kets, mulching and the establishment of rhizomatous species such as 

Achillea, Artemisia and Eriophyllum via plugs not seed. These sites will 

take 25-50 years for any significant recovery. 

Fencing, limited mulching, transplants of rhizomatous species and 

seeding with native species (Erysimum, Phacelia) would speed recovery of 

the larger wallows. The addition of Festuca seed, provided there are 

some "nurse plants" and surface mulch, would be effective. 

5. The monitoring of recovery should be based upon the establishment of 

erosion plots by John Harter, the recovery of vegetation based upon the 

sampling procedures of Bill Pfitsch, and mapping of the wallow sites by 

Robin Reid. Recovery of species needs to be monitored in the different 

communities utilizing a range of species but including Festuca, Carex, 

Aster and Achillea. 
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