
lieve that the overall biotic effects of goats 
 Olympics vegetation differs appreciably 

w goat density, but at least one wallow was 
foundineachofthe22areasexaminedacross 
Study Docum
at Ol

Approximately 12 mountain goats were 
debberatelyintroducedtotheOlympicMoun­
tains in the 1920s; the animals subsequently 
spreadthroughouttheOlympicRange. Olym­
pic National Parle was created in 1938. Al­
though mountain goats are native to the 
nearby Cascade Mountain Range, historical, 
archaeological, and anthropological evidence 
indicates they were absent historically from 
the Olympic Peninsula The estimated Pen­
insula-wide mountain goat population was 
550 to 800 in 1980, 1,175plus or minus 171 
(standard error) in 1983, and 389 plus or 
minus 106 (SE) in 1990. Several hundred 
animals were removed from Olympic NP 
between 1981 and 1989. 

The mountain goat is a generalist herbi­
vore, strongly associated with cliffs and rock 
outcrops (Chadwick 1983). Its food habits 
vary considrably among populations because 
of this association. Diets apparently are 
dictated more by whatever plant species are 
present than by a preference for any particu­
lar species or growth form. 

Seasonal Distribution 
In the Olympics, mountain goats are sea­

sonally migratory and are distributed in 
"nodes" or subpopulations. Subalpine and 
alpine areas above 5,000 feet generally are 
considered to be summer range, but even on 
hot summer days animals sometimes are 
found as low as 2,000 feet Goats generally 
winter on steep south and southeast facing 
outcropsandcliffsbelow5,000feet,andmay 
be found down to 1,000 feet Our studies 
were conducted in mountain goat summer 
range, which we defined as the region above 
5,000feet 

Previous studies of the interactions be­
tweenmountaingoatsand their summer range 
in Olympic NP clearly demonstrated that 
goats changednative ecosystems. Plant com­
munity effects included reduced moss and 
lichen cover, increased exposure of mineral 
soil from wallowing and trampling, and rear­
rangement of plant species dominance rela­
tionships in favor of rudera1 species (plants 
found mainly in disturbed areas, S<H:alled 
disturbance-oriented species). In addition, 
three Olympic Peninsula and one Olympic 
Peninsula/Vancouver Island endemic plant 
taxa were consumed by goats (these are "nar­
row" endemics-theyarefoundontheOlym­
pic Peninsula or the Olympic Peninsula and 
Vancouver Island, but nowhere else in the 
world). 

Even though the aforementioned studies 
demonstrated that goats substantially altered 
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tions were required to extend the evalua­
n in space and time. Previous studies were 
nducted chiefly in one area of the park over 
our-year period. Consequently, a series of 
estigations was begun in 1981 to expand 
r understanding of mountain goat/vegeta­
n and soil interactions. Objectives were to 
scn"be plant communities and large herbi­
re sign in mountain goat summer range 
,000 ft) and to test the following two gen­
l null hypotheses: 
(1) Reducing mountain goat densities will 
t result in changes to the relative abun­
nce of plant species (i.e. plant community 
ucture). 
(2) Mountain goats pose no threat to the 

ng-term persistence of rare plants. 
Methodology Employed 

We employed a variety of independent 
dy methods from 1981-1992 to achieve 

ese objectives: 
(1) Extensive surveys of vegetation and 
rbivore use were conducted in high, medi­
, and low goat density areas within the 
7,490acresoflandfreeofglacialiceabove 

000 feet; 
(2) Permanent plots were established in 
ee areas to quantify plant community re­
onses to intentional reductions in goat den­
y. (This is a unique aspect of our study­
at density was reduced intentionally 

rough live capture concurrently with our 
rmanent plot studies in areas with vastly 
fferent climates; thus we did not have to 
ly on exclosures as a means of evaluating 
e effects of herbivores); 
(3) Potential effects of goats on the long­

rm persistence of rare plants were assessed 
ing data on rare plant geography and abun­
nce; 
( 4) The demography and autecology of a 
rticularly rare endemic taxon (Olympic 
tn. milkvetcb--we estimate the total pop­
ationasabout4,500plants)wasinvestigat­
; and 
(5) A series ofhistorical photographs was 
ed to examine qualitatively the vegetation 
anges over a 70-year period, specifically 
dressing the relationships among climate, 
man use, natural disturbance, and moun­
n goats. 
In common with all other studies of ungu­
e grazing systems, our work demonstrated 
at introduced mountain goats have indirect 
d direct effects on the vegetation of the 
ympic Mountains. We have no reason to 
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m mountain goat grazing systems where 
 animals are native. Nonetheless, changes 

 the park' s vegetation due to goat activity 
ve been substantial, and the status of rare 
nt populations in goat habitat is of con-

rn. 
Plant Community Changes 

Mountain goats modified the structure of 
balpine plant communities of the Olym­
cs. Followingthereductioningoatdensity, 
era1 species such as yarrow decreased 
ile selected goat forage species such as 

aho fescue increased at Klahhane Ridge 
stimated annual precipitation, 40-60"). 
arrow cover exceeded that of fescue when 
at density was high; it was less than fescue 
 the end of the study. 
We believe mountain goats changed the 
ture of the competitive relationship be­
een these two species, particularly since a 
oratory study demonstrated that Idaho 

scue was the stronger competitor except 
hen clipped (del Moral 1985). Similar 
anges in plant cover of these two species 
ere observed in comparative photographs 
 exclosure studies (Pfitsch and Bliss 1985). 
Modifications of plant communities also 
curred in another area of the park. Mount 
ana (estimated annual precipitation 200+ 
ches) plots exhibited statistically signifi­
nt changes in the plant cover of selected 
d non-selected plant species, but no change 
 dominance. Percent cover of dominant, 
ongly competitive species such as showy 
dge appeared not to respond to lower goat 
nsity. This does not necessarily mean that 
e sedge was unaffected by goats. This 
ghly productive species is consumed by 
ats and may compensate for loss of grazed 
ant tissues. Graminoid species are well­
own for compensatory response to graz­
g. 
Mountain goats also influenced the Olym­
c ecosystems by wallowing and trampling. 
allows disturb soils and create mineral 
bstrates for colonization by plants. Studies 
Klahhane Ridge goat wallows (and bison 
allows elsewhere) have shown that distur­
nce-oriented plant species dominate wal­
w edges and that this community differs 
om surrounding vegetation. 

Presence of Wallows 
We did not examine vegetation surround­
g goat wallows, but did doc\Dllent the pres­
ce of wallows. There are fewer in areas of 
Cofllilrwtl 011 page 24 
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rlc. We suspect that the disturbance­
 species have invaded these wallow 
 as they have on Klahhane Ridge. Such 
lt would not be unexpected because 
pic subalpine and alpine plant commu­
are particularly sensitive to soil distur­
. Moreover, some scientists believe 
hysical disturbances associated with 
oty may be even more important than 
g as an ecosystem shaping process. 

identally consumed forage species may 
 intensive grazing at either high or low 
vore densities (Futayama and 
rman 1980andHouston 1982). These 
 species may be eliminated because 
xert no feedback control on herbivore 
tion size. In a hypothetical one-herbi­
ne-plant species system, the eminent 
ist Graeme Caughley noted that the 
ore and plant must reach a dynamic 

brium or the herbivore goes extinct 
hley 1982). 
ther, in a one-herbivore/two-plant sys­
ssuming the two plant populations 

the herb
pressure
would b
were th
1982:31

Thus
mOlmta
Mounta
are not
summe
let alon
are gene
consum
plants. 

We re
persiste
habitat.
mortalit
endemi
other en
"selecte
plant di
ivore nurnbets and hence the grazing 
 is maintained at a higher level than 
e possible if the slower growing plant 
e only food available." (Caughley 
1). 
, rare plants may be at risk from 
in goats for at least two reasons: (1) 
in goat population densities likely 
 controlled by plant abundance on 
r ranges (Houston and Stevens 1988), 
e rare plant abundance, and (2) goats 
ralist herbivores with the capacity to 
e most plant species, including rare 

Long-term Concerns 
main concerned about the long-term 
nce of rare plants in mountain goat 
 Direct effects were observed as 
y and injuries to individuals of the 

c Olympic Mountain milkvetch. One 
demic, Olympic aster, was a plant 
d" by goats. We also found that rare 

stributions (33 taxa), including 7 of8 
ic taxa, overlap goat summer range. 

than 5 su
have bee
tion else
goats in 

Plant/
the subj
during th
been sho
vegetatio
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interacti
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establish
pic NP 
prairie d
Africa (w
icled are
duced w
New Ze
Islands).

Chara
bpopulations ). Rare endemic plants 
n driven to extinction or near extinc­
where by introduced herbivores (e.g. 
Hawaii, Galapagos Islands). 
herbivore grazing systems have been 
ect of intense study by ecologists 
e last two decades. Herbivores have 
wn to affect numerous attributes of 
n including plant morphology, spe­
position, abundance, net primary 
vity,andthegeneticmakeupofplant 
ns. The scale of plant/herbivore 

ons ranges from effects on individu­
 to whole ecosystems. Effects of 
es have been documented in long­
ednaturalecosystemssuchasOlym­

(elk), Wind Caves NP (bison and 
ogs), and the Serengeti plants of 
ildebeest and others). Also chron­

 the consequences of recently intro­
ild ungulates (Himalayan thar in 

aland and red deer in the Falkland 
 
cteristically, ungulates and vegeta­
ifferent growth rates), 'The extinction 
 of the two plants is a direct conse­
eofitssharingthe area with the other . . .It 
xtinct when sharing the area because 

 BY J. HARTER. OCTOBER 20. 1981) 

endem
We note that the effects of goats on individual 
plant taxa may be severe or potentially se­
vere, especially for taxa with vety restricted 
distributions (i.e. those that occur in fewer 

tion are linked by strong feedback loops 
between the dynamics of the plants and the 
dynamics of the animals. Where ungulate 
populations are limited by available food 



resources,astheirpopulationsincrease,avail­
ablepercapitaresources (i.e. palatable plants) 
decrease. Natural mortality increases, and 
natality decreases becauseof"msufficientfood. 
The plants"feedback" to cause a new, lower 
level of the animal population. Plants and 
ungulate populations oscillate with decreas­
ing amplitude over time as dynamic equilib­
rium is achieved. Profound vegetation chang­
es usually occur. 

We believe our studies describe only a 
small part of the total picture of mountain 
goat/vegetation relationships in Olympic 
NP. Recent studies demonstrate that ungu­
lates alter nitrogen cycles and soil formation 
processes. Moreover, vegetative changes 
wrought by one herbivore may influence the 
feeding behavior of other herbivores (such as 

In tbe 7-year Interval between 1981 and 1988, 
the Klabbane Ridge goat population was re­
duced by more than so•; •. The entire wallow 
and its outwash have more plant cover, pri­
marily Idaho fescue (estuCil idldr~mls) and 
yarrow (Achilkll MUlefolillm), by 1988. The 
lower right wallow margin has grown-In 
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he link between bison and prairie dogs). 
iven the relationship between site produc­

ivity and the degree of interspecific plant 
ompetition in Olympic subalpine vegeta­
ion, mountain goats are likely to have a far 
reater influence on individual plants, com­
unities, and ecosystem processes than we 

ave demonstrated here. 
Status Report 

Olympic staff are completing the Draft 
nvironmental Impact Statement on moun­

ain goat management (scheduled for release 
n early 1994). Once the EIS is released, a 
eriod of public comment will take place and 
 course of action will be selected. This may 
rove a significant test ofNPS natural areas 
xotic species management policies. 

&hreiner is a Research Biologist at Olympic 
P Field Station; Woodward is with the UIWA 
PSU. Naticnal Biological Swvey. 
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