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Abstract

Contentions that willows (Salix spp.) on Yellowstone National
Park’s northern range have declined because of climatic change,
fire suppression, reduced chemical defenses, or other natural fac-
ters are not supported by available data. Instead, willows have
declined due to repeated browsing by an unnaturally large elk
population. By established standards Yellowstone contains some
of the worst overgrazed willow communities in the entire West,
hut that was not true in earlier times. Prior to park establish-
ment, predation by Native Americans kept elk and other ungu-
late numbers low which, in turn, prevented herhivores from
impacting Yellowstone's plant communities, as those animals do
today. Finally, the condition of willows in the park is also a test of
Yellowstone's “natural regulation” program, and that paradigm
must also be rejected.
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Singer et al. (1994) presented a discussion of ungulate her-
bivory and willows (Salix spp.) on Yellowstone's northern
range, but they failed to put their work in proper historical and
ccological perspective, Therefore, we {irst present a short his-
tory of wildlife management in Yellowsione followed by a
discussion of willow ccology in that park,

History of Wildlife Management

After Yellowstone was designated as the world's first national
park in 1872, a succession of ecivilian (1872-1886), military
(1886-1916), and National Park Service (1916 —present) admin-
istrators concluded that there were not enough game animals so
they fed wintering etk (Cervies elaphus) and other ungulates, and
they killed predatory animals such as wolves (Canis fliupus) and
mountain lions (Felis concalor). During the 1920s, however, con-
cemns grew that too many clk were overgrazing the park's north-
em winter range, so the agency began trapping and transplanting
elk 1o arcas outside the park. Because trapping alone did not
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reduce the herd to the range's estimated carrving capacity, rangers
began shooting elk in the park to prevent resource damage. This
program was called direct reduction, and by 1967 the Park
Serviee had killed over 13,500 clk from Yellowstone's northern
herd (Houston 1982).

This upset many people who excrted political pressure to stop
the Park Scrvice from shooting elk in the park. After a U.S.
Senate (1967) Subcommitice hearing at which the chairman
threatened to terminate park funding, the Park Service agreed to
abandon its direction reduetion program——although the agency
still contended that Yellowstone was seriously overgrazed. By
1968, the Park Service had switched to a management program
called "natural control” which was changed to "natural regula-
tion" in the carly 1970s, These changes occurred without public
review (Chasc 1986, Wagner et al. 1995). The Park Scrvice origi-
nally based "natural regulation” on a presumed "balance-of-
nature,” but more recently the agency has cited Caughley's (1976)
plant-herbivore model to support its “natural regulation™ para-
digm (Kay 1990), Under "natural regulation,” the Park Service
completely revised its interpretation of elk in Yellowstone.

Until 1968, Park Service officials contended that an unnaturally
large elk population, which had built up in Yellowstone during
the late 1800s and carly 1900s, had scverely damaged the park's
northern winter range, including willow communities (Tyers
1981). However, agency biclogists now hypothesize that elk and
other ungufates in Yellowstone are "naturally regulated,” being
resource (food) limited, and that the condition of the ccosystem
today is much like it was at park formation (Houston 1982,
Despain et al. 1986). Elk influences on Ycllowstonc's vegetation
are now thought to be "natural” and to represent the "pristine”
condition of the park. According to the Park Service,
Yellowstone is not now, nor has it ever been overgrazed, and all
previous studies to that effect are wrong (Houston 1982),

First, under "natural regulation,” predation is an assisting but
non-essential adjunct to the regulation of ungulate populations, If
wolves are present, they take only the ungulates slated to die
from other causes, such as starvation, and hence predation will
not lower ungulate numbers, In the current debate over reintro-
ducing wolves to Yellowstone, the Park Service has adamantly
denied that wolves are needed to control the park's elk herds
(Boyce 1992). Second, if ungulates and vegetation have co-
evolved for a long period of time and if they occupy an ecologi-
cally complete habitat, the ungulates cannot cause retrogressive
plant succession or range damage. The ungulates and vegetation
will reach an equilibrium, termed ceological carrying capacity,
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where continued grazing will not change plant species composi-
tion or the physical appearance of plant communities. According
to the Park Scrvice, thousands of elk starving to death during
winter is natural. Third, at equilibrium, competitive exclusion of
sympatric herbivores due to interspecific competition will not
occur. In Yellowstone, this means that competition by elk has not
reduced the numbers of other ungulates or beaver (Castor
canadensis) since park formation.

The Park Scrvice's "natural regulation experiment” {cf. Despain
ct al. 1986) is predicated on the assumption that large numbers of
clk {12,000-15,000) wintered on Yellowstone's northern range
for the last several thousand years, Park Scrvice biologists
hypothesize that elk, vegetation, and other herbivores in
Yellowstone have becn in equilibrium for that period of time
{Houston 1982, Despain et al. 1986), The agency now helieves
that any changes in plant communities, including willows, since
the park was established are due primanily to suppression of light-
ning fires, normal plant succession, or elimatic change, not ungu-
late grazing. I Yellowstone's willows have declined due to ungu-
late browsing, then “natural regulation” would have to be rejected
(Houston 1976). Morcover, since "natural regulation” is an equi-
librium model, grazing-induced changes in vegetation stature
(height) since Yellowstone Park was created would also indicate
that the ungulates and their food resources are not in equilibrium
(Houston 1976). Therefore, if ungulate browsing has changed
what were once tall-willow communities into short-statured
plants, this would be additional grounds for rejecting "natural
regulation,”

Political Ecology

Singer et al. (1994) indicated that there was concern over the
condition and trend of willows on Yellowstone's northern range,
but they failed to capture the intensity of the debate or the ecolog-
ical, political, and legal importance of the issuc. Even as the Park
Service was formulating its "natural regulation® paradigm, onc
Yellowstone biologist warncd that the agency had no data to sup-
port "natural rcgulation” (Barmore 1968). Later, Chase (1986)
concluded that "natural regulation” was a scientific fraud and that
the Park Service had routinely fabricated "data" to support its
politically motivated management. More recently, 2 Park Service
rescarch biologists accused their agency of "inventing” ecological
data to support management decisions and of only funding stud-
ics that would not "prove park policy wrong" (Clifford 1993,
Mattson and Craighead 1994, Wagner et al. 1995),

The Park Scrvice has denied all these accusations, but the
agency has not been receptive to independent review of its "nat-
ural regulation” program. In the early 1990s, the Society for
Range Management, the Ecological Society of America, the
American Fisheries Society, and the Wildlife Socicty asked the
Park Service for approval to conduct an independent review of
the Yeilowstone situation, but they failed ro obtain permission.
More recently, a group of preeminent ccologists informed the
Secretary of Interior that they would be willing to serve, without
pay, on a panel to review the entire Ycllowstone matter, but the
Sccretary declined (Kay in press a), An independent commission,
originally empaneled by the Wildlife Socicly 1o review wildlife
management in the entire National Park System, recently con-
cluded that there was no scientific data to support "natural regula-
tion™ in Yellowstone or in any other U.S, National Park (Wagner
ct al. 1995).
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Establishing whether ungulates in Yellowstone are "naturally
regulated” 1s important because it is relevant to that park's man-
agement direction, and 1o similar management schemes in other
national parks in the U.S. and around the world (Kay and White
1995), In a broader context, it tests an ecological model which
attempis to explain how ungulate populations interact with their
plant resources (Kay 1990). Establishing the validity of Singer ct
al's (1994) work is important for similar reasons. If sustained,
Singer et al.'s (1994) hypothesis would also abseolve the Park
Service of responsibility in Yellowstone, i.e., current conditions
are within the range of historical variability. Singer et al. (1994),
however, misrepresented carlier work in Yellowstone (Chadde
and Kay 1988, 1991: Chadde et al. 1988; Chadde 1989; Kay
1990; Kay and Chadde 1992; Kay and Wagner 1994), and their
analysis is not supported by the available data,

Chemical Defense

Given the conditions on Yellowstone's northern range, we fail
to see the relevance of Singer et al's (1994) work on willow
chemical defenses. Studies throughout western North America
have demonstrated that willows are among the most palatable and
most preferred browse species for elk and other ungulates
(Nelson and teege 1982). Since the early 1900's, though, elk
have routinely consumed more chemically defended species in
Yellowstone (Rush 1932, Tyers 1981), FIk and other ungulates in
the park are forced by starvation (1,000-5,000 clk deaths annual-
ly: Lemke 1989) to consume normally unpalatable species, such
as spruce (Picea spp.} and other conifers. In fact, one of the con-
spicuous characteristics of foday's northern range, and indeed
other parts of the park as well, is the browsing highline on
conifers (Kay and Wagner 1994).

Now if wintering clk are compelled to cat spmice, which is one
of the most chemically defended plants on Yellowstone's north-
em range, it is highly nnlikely that a few milligrams ehange in
tannin content between unbrowsed and browsed willows, as
reported by Singer ct al. (1994), has any bearing on whether or
not clk will consume the "more chemically defended” willows.
Singer et al's (1994) conclusion that "changes in chemical pro-
duction” have in any way countributed to the decline of willows in
the park is untenable given the other more chemically defended
species that elk routinely consume in Ycllowstone,

Willow Height Classes

Singer et al. (1994) divided willows that they measured “into 3
categories ... (1) height suppressed = nearly all plants were <€ 80
cm, (2) intermediate = plants were 81-120 cmt tall, and (3) tall wil-
lows = most plants were 121+ cm.” Others who have worked in
Yeilowstone, however, have defined tall willows as only those
plants beyond the reach of hrowsing clk; i.e. plants =2 2 m tall
{Chadde and Kay 1988, 1991; Chadde et al. 1988, Chadde 1989;
Kay 1990; Kay and Chadde 1992). Based on 44 repeat photosets
of willow communities on Yellowstone's northern range dating to
1871, tall-willow communities have declincd by approximately
95% since the park was established (Figure 1) (Kay 1990, Chadde
and Kay 1991). The only tall willows that exist on the northern
range today arc (1) inside ungulate-proof exclosurcs, (2) a few
"mushroom” plants that have somchow been able to withstand
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repeated browsing (Kay and Chadde 1992), (3) or those protected
by deep snow which limits ungulate use. Tall willows, as defincd
by Singer et al. (1994), are centainly not comparable 1o the park's
original tall-willow communities.

The average height of willows on the park's nothern range is
primarily rclated to average snow depth. In fact, Singer ct al's
(1994) own data show that willow height is correlated with alti-
tude, and hence snow depth, as snow depth increases with
increasing elevation on the northern range (Houston 1982).

Marginal Sites

Al several points in their paper, Singer ct al. (1994) indicated
that willows on "marginal” sites may have declined more than
plants on other sites. Repeat photographs (Kay 1990, Chadde and
Kay 1991), however, show that tall willows on stream banks,
along pond margins, and near springs, have declined just as much
as other willows (Figs. 1 and 2). This and other data suggest that
climatic variation has not been an important factor in the decline
of willows on the park's northern range,

Beaver

Singer et al. (1994) noted that the loss of beaver has con-
tributed to the decline of willows in the park, and we concur (Kay
1990, Chadde and Kay 1991). This, though, raises the question of
why beaver have declined? Beaver are now ecologically extinct
(Estes et al. 1989) on the northern range because repeated ungu-
late browsing has destroyed the tall-willow and aspen (Populus
tremudoides Michx,) communities that beaver need for food and
dam building materials {Kay 1990, 1994b; Chadde and Kay

1991). Thus, the loss of beaver is due to a long history of exces-
sive grazing, not other factors. Outside the park where the climate
is similar but wherc there are fewer clk, beaver arc still common
{Kay 1994b, 1994c). In the absence of beaver, park strcams have
downcut and lowercd water tables drying out what were once
riparian communitics and further reducing the suitability of the
northern range as willow or beaver habitat,

Rosgen (1993) reported 100 times more bank erosion on
Yellowstone's denuded streams than on the same willow-lined
streams outside the park. Rosgen eoncluded that many of the
hydrotogical changes seon in the park's streams were clk-induced,
and were not related to climatic variation or other factors.

Willow Biomass

Singer ¢t al, {1994) measured yearly biomass production on
willows inside and outside long-term ungulate-proof exclosures
on Yellowstone's northern range, and found that willows protect-
ed for 31 years "siill prodoced only 35% the aboveground bio-
mass ... that tall willows did [on outside plots].” They implied
that their tall repeatedly browsed, willows were healthier than
protected plants,

From an evolutionary perspective, though, ungulate-stimulated
vegetative growth is of little value if reproductive output is
impaired. Kay and Chadde (1992) measured sced production
inside and outside exclosures on Yellowstone's northern range
and found that protected willows produced an average of over
306,000 seeds per ny’ of female canopy cover, while plants out-
side produced none; a difference that is both statistically and eco-
logically significant (Fig. 2). Without abundant seed crops, wil-
lows cannot take advantage of recruitment opportunities pro-
duced by periodic large-seale disturbances such as fire.
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Fig. 1. A repeat photoset taken in Yellowstone Nationa! Park showing the dramatic impact that native ungulates have had on willow commn-
nities. (a) Willows in this 1915 photograpl: already show the effects of repeated ungulate hrowsing. Note the dead willow in the right fore-
ground and the hedged appearance of other willows due to browsing by clk. Bailey (1930:535-57), who took this pholograph, noted that in
the early 1910s, "willows of many species are an abundant source of foed supply along [Ycellowstone’s] streams and meadows. [However]
they are often trimmed to mere stumps during winter and in some places they are actuatly kilted out hy close browsing.” Photo courtesy of
the National Archives {(RR 22-WB, Box 34, 16,009). (b) That same area in 1987; note the disappearance of tall willows since the 1915 photo-
graph. Yancy’s Creck now hidden by grass in the foreground has downcut, but still flows year round which suggests that climatic variation
has not caused the ohserved decline of willows. Lost Creek, which flows at the base of the clitf, has downeut 2 m since the earlier photo-
grapb, hut is still a perennial stream. Photo by Charles E. Kay, No. 2895-25,
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Fig. 2. Fenceline contrast of willows inside and outside the Lamar-
West exclosure on Yellowstone Park’s northern range. The exclo-
sure was constructed in 1962 and this photograph was taken 25
years later in 1987. Willows inside the exclosure averaged 287 cm
tall while those outside averaged only 45 cm. Willows inside aver-
aged 92% canopy coverage while those outside averaged only
10%. Female willows inside produced an average of 416,654 sceds
per m? of canopy cover while those outside produced none (Kay
1990, Chadde and Kay 1991, Kay and Chadde 1992). According to
Singer et al. (1994:435), willows inside Yellowstone's exclosures
produced only one-third the bismass of “tail” repeatedly browsed
willows “suggesting suppressed willows grow on sites with lower
growth potential.” In other words, the site seen in this photograph
is, necording to Singer ct al. (1994), “marginal” for willows. In
addition, the Park Service contends that there are more individual
willow plants per unit area outside this exclosure than inside
(Despain 1989}, Survey pale (2 m) for scale, Phote hy Charles E.
Kay.

Yellowstone's 1988 wildfires ereated ideal conditions for willow
seed germination and scedling establishment. Yet, few willow
seedlings were observed because practically no sceds were avail-
able to colonize this newly created habitat (Kay and Chadde
1992),

Even if willows somchow become established, they rarely can
withstand the grazing pressure that occurs in Yellowstone.
Houston (1982:129-134) presented a 1974 photo of a newly
formed gravel bar along the Gardiner River on Yellowstone's
northern range and a 1978 retake that showed willows had colo-
nized the area. At the time, there was a tall-willow (> 2 m) com-
munity immediately upstrecami which most likely produced the
sceds that settled on the gravel bar—those tall willows have since
died out,

Kay (1990) rephotographed this gravel bar in 1983, 1986,
1987, and 1988, and Chadde et al. (1988) cstablished plots at that
site as part of their northern range riparian classification study,
By 1983, willows were largely absent from the gravel bar and
had been replaced by grasses and other herbaceous plants, proba-
bly becanse of repeated ungulate browsing, as the stream hydrol-
ogy had not changed (Chadde ct al. 1988). This area changed
from bare gravel to willows to grass in only 9 years. This is much
faster than normal plant succession, and is contrary to expected
suceessional directions. By the usual successional sequence, colo-
nizing willows would have been replaced by other willow species
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and perhaps cottonwoods (Pepufus spp.) or cvenlually
Engelmann spruce (Picea engelmanni Parry), but not grasses,
scdges, or forbs (Chadde and Kay 1991),

Fire

Singer ct al. (1994) hypothesized that, "Fire suppression this
century on Yellowstone's northern range might have contributed
to willow declines,” as have Park Service biologists (Houston
1982, Despain et al. 1986). That supposition, though, is not sup-
ported by available data. After Yellowstone's 1988 wildfires, Kay
(unpub. data) established permanent photopoints in bumed wil-
low communities. Many plants produced leader growth in excess
of 1 m by the end of 1989, but those willows were browsed to
within ecms of the ground during the following, nnd ench subse-
quent winter (Fig. 3). Moreover, buming plus repeated browsing
led to the death of several plants. This is not surprising because
clk seem to prefer bumed willow regrowth over unbumed plants
{Stein et al, 1992). Furthermore, if Tire suppression adversely
affects willow communities, the effect should have been
expressed inside as well as outside exclosures, which it was not.

Climatic Change

Singer et al, (1994) also attributed the decline of willows on
Yellowstone's northern range to climatic change, namely a drying
trend. That supposition, though, is not sustained. First, newly
enclosed willows flourished during the 1930s drought (Kay
1990), and it is not climate that prevents willows from reaching
their biological potential outside exclosures today—mean height
outside 34 cm vs. 274 em inside; mean canopy cover 14% outside
vs. 95% inside (Fig. 2) (Chadde and Kay 1991:245-246)

The climate-change hypothesis is also not supported by photo-
graphic evidence or fiisthand accounts. Willows started declining
before the 1930s dronght (Fig. 1) and have continued to decline
in recent years (Kay 1990). Willows in the western portion of
Round Valley, for example, were severely hedged in 1949 but
remained alive, By 1988, a major decline had cccurred in that
community although precipitation had been near normal during
the 1949-1980 period (Houston 1982:104), and there were still
abundant springs at the site (Chadde and Kay 1991).

Yellowstone's Tower Junction willow exclosure was construct-
ed in 1957, and by the Jate 1960s the protected willows had sig-
nilicantly increased in height and canopy-coverage (Kay 1990),
That exclosure was removed in the early 1970s and the protected
plants subjected to ungulate browsing. By the late 1970s and
early 1980s, those willows were extensively hedged and were
reverting to lower-statured plants (Kay 1990), These changes
cannot be attributed to the 1930s drought, and recent climatic
vanation also appears tn be unimportant as this site has abundant
subsurface soil moisture (Brichta 1987). This area was burned by
Yellowstone's 1988 wildfires, but willows have continued te
decline (Fig. 3).

Singer ct al. (1994) implied that there was no control for
Yellowstone, but areas outside the park with similar soils and
vegetation can be used to interpret what ts happening in
Yellowstone, especially with relation to climatie variation, If wil-
lows were succumbing 1o a drying elimate, then it is logieal to
expect that willow communities adjacent 1o the park would also be
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Fig. 3. Repeat photoset of a willow community burned by Yellowstone's 1988 wildfires, (a) The fire was so intense that it consumed nearly all
the ahove-ground woody material, Also note the burn pattern on the far hillside. Due to heavy unpulate use, there was not enough fuel to
carry the fire, except in swells or other depressions where snow accumulates and prevents grazing by the park’s elk and other wngulates
(Kay, in press a). (b) That same arca in 1993, Willows are still present, but hecause of repeated browsing hy Yellowstone's elk, have not
increased in height. Photos by Charles E. Kay.

under duress. That is not the case and tall willows (> 2 m) are
common outside the park, even on ranges grazed by domestic
livestock (Rosgen 1993, Kay 1994¢), Morcover, repeat pho-
tographs taken outside the park do not show the drastic decline of
willows that has occurred in the park, except where large numbers
of wild ungulates or livestock concentrate (Kay unpub. data—
repeat-photo study in progress for the Agricultural Research
Scrvice in the Centennial Mountains along the Montana-Idaho
border west of Yellowstone National Park),

Elk Reductions

As discussed earlier, when the Park Service thought that too
many elk were destroying Ycellowstone's northern range, the
agency shot elk in the park to reduce herd numbers. By the late
1960s, the northern herd had been reduced te an estimated 5,000
animals—today popnlations range from 15,000 to 25,000.
Singer ct al. (1994) contended that those herd reductions did not
have a significant impact on northern range willow communities.
That is not what was concluded at the time. According to
Barmere (1981:357), "By the late 1960's, the growth form and
condition of Salix sp. on most of the winter range began to more
closely resemble the less heavily browsed conditions of the late
1800's and 1900's."

Based on growth in newly enclosed stands, it takes heavily
browsed willows approximately 10 years to reach their full bio-
logical potential (Kay 1990), which is longer than the period of
time Yellowstone's etk herd was substantially reduced. It is like-
ly that carly herd reductions did not last long cnough for willows
or other woedy species to fully recover (Kay 1990, 1995b).
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Willow Pollen

Engstrom et al.'s (1991) pollen work on the northern range was
cited by Singer et al. (1994) to support their contention that the
current state of willows in the park is within the normal range of
historical varability. Willow pollen is poorly represented in sedi-
ment cores and correlation between a few pollen grains and actu-
al changes in willow communitics is questionable. Morcover,
Yellowstone’s geologist has questioned the validity of Engstrom
ct al.'s study (Hamilton 1994).

Before park establishment, Yellowstone's northern range
had a 25 year fire frequency—that is, an area equal in size to
the entire northern range burned every 25 years (Houston
1973, 1982). Thus, it is likely that willow communitics once
burned at frequent intervals. After willows are burned, howev-
er, plants expend resources on vegetative growth, not repro-
ductive activity, so pollen production is reduced for several
years. This and other factors, such as high beaver activity,
could easily explain any variation in willow pollen produc-
tion.

Aboriginal Overkill

How then were willows able to (lourish in Yellowstone and
throughout the Intermountain West for the last 10,000+ years?
We suggest that the large elk popnlations assumed under "natural
regulation” and by Singer et al. (1994) did not exist until after
Yellowstone was designated a national park. Historical journals,
old photographs, and archaeological data all indicate that there
are now more ¢k in Ycllowstone than at any point prior to 1872
(Kay 1990, 1994a, 1995a, 1995b, in press b; Kay and Wagner
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1994). Before park establishment, Yellowstone's elk population
was limited at low densities by predation, primarily by Native
Americans. Contrary to prevailing beliefs, Native Americans
were not conservationists (Kay 1994a, 1995a). Because native
peoples could prey-switch to small mammals, plant foods, and
fish, they could take their preferred ungulate prey to low levels or
extinction with little adverse effect on human populations. In faet,
once Native Americans killed off most ungulates, human popula-
tions actually rose (Hawkes 1991, 1992, 1993). As Kay (19944,
1995a) has demonstrated, Native Amcricans were the ultimate
keystone species, and their removal has completely altered
ccosystems, not only in Yellowstone, but throughout North
America (Wagner and Kay 1993).

It must also be remembered that large numbers of native peo-
ples inhabited the Ycllowstone Ecosystem for the last 10,000+
years (Hultkrantz 1974, Wright 1984). The claim that Native
Americans seldom visited Yellowstoue because they feared the
park’'s geysers and hot springs is false—that myth was invented
by carly park administrators to promote tourism (Hultkrantz
1979). Ycllowstone's original inhabitants were forcefully
removed ca. 1878 to reservations in Idaho and Wyoming for the
same reason {Haines 1974, 1977).

Conclusions

Singer et al.'s (1994) explanation and hypotheses regarding wil-
lows in Yellowstone are not supported by the available data and
cannot be sustained, Instead, the decline of willows in the park is
duc o repeated browsing by unnaturally large elk and other
ungulate populations. Prior to park cstablishment, predation by
Native Americans kept ungulates from impacting Yellowstone's
plant communitics, as those animals do today. By cstablished
standards Yellowstone contains some of the worst overgrazed
willow communilies in the entire West (Plaits ct al. 1983, 1987,
Platts 1991; Patten 1993; Rosgen 1993). Since the condition of
willows 1n the park is also a eritical test of Yellowstone's "natural
regulation" program, that paradigm must be rejected (Chadde and
Kay 1991). Elk browsing has also had 4 drastic impact on aspen,
cottonwood, and other plants in the park (Kay 1990, 1995b:
Wagner et al. 1995).

In addition, we find Singer et al.'s (1994) call for more rescarch
disingenuous. During the late 1980s and carly 19905, a commiltec
of riparian experts, headed by Dr. Duncan Patten, Secretary of the
Ecological Socicty of America, developed a riparian research
plan for the northern range at the request of the Park Service, but
their recommendations were not followed (Wagner et al.
1995:103). Besides, as explained previously, the Park Service has
not availed itself of recent opportunitics to have independent pan-
els revicw the Yellowstone situation.

On the other hand, if the decline of Yellowstone's willow com-
munitics is considered to be "natural”—i.c. caused by climatic
change or the other factors Singer ct al. (1994) and the Park
Scrvice have proposed—then ranchers thronghout the West
should be afforded the same consideration. Dodd (1991) recently
proposed that federal land management agencies abandon their
riparian standards for livestock grazing based on Park Service
claims that Yellowstone is not overgrazed, "Most of the riparian
habitat [ saw in the Yellowstone Park ... is in bad to terrible shape
by USFS [U.S. Forest Service] or Disneyland standards but is
goed to excellent when judged by sound ecological and natural-
ness standards (Dedd 1991:10)." Clearly, the resolution of this
dcbate is more than an acadermic interest.

144

Literature Cited

Bailey, V. 1930. Animal life of Yellowstone National Park. Charles C.
Thomas and Co., Springfield, Tll. 241 pp.

Barmore, W.J, 1968. Memo to supervisory rescarch biologist.
Yellowstone National Park, Wyo. March 13th. 3 pp.

Barmore, W.J. 1981, Population characteristics, distribution, and habitat
relationships of six ungulnte species on winter range in Yellowstone
National Park. Unpub. report on file, Rescarch Office, Yellowstone
National Park, Mammoth, Wyo. 677 pp.

Boyce, M.S. 1992. Wolf recovery for Yellowstone MNational Park: A sim-
ulation medel. pp. 123-138 fn: McCullough, D.M., and R, Barrett, eds.
Wildlife 2001: Populations. Elscvier Applied Science, NY, 1163 pp.

Brichta, P.H. 1987. Environmental relationships among wetland com-
munity types on the northern mange, Yellowstane National Park, M.S,
Thesis, University of Montana, Missoula, Mont. 67 pp.

Caughley, G. 1976. Wildlifc management and the dynamics of ungulate
populations. Applicd Biology 1:133-246,

Chadde, S,W. 1989. Willows and wildlife of the northern range,
Yecllowstone National Park. pp. 168-169 In: Gresswell, R.E., B.A.
Barton, and J.L. Kershner, eds, Practical approaches to riparian man-
agement: An educational workshop. U.S. Bureau of Land
Management, Montana State Office, Billings, Mont. Rep. BLM-MT-
PT-89-0001-4351, 193 pp.

Cbadde, S.W. and C.E. Kay. 1988. Willows and mecose: A study of
grazing pressure, Slough Creck exclosure, Montana, 1961-1986.
Universily of Montana, Montana Forest and Conserv, Exp. Sta. Res.
Note 24. 5 pp.

Chadde, S.W. and C.E. Kay. 1991. Tall willow communities on
Yellowslone's northern range: A test of (he "natural regulation” para-
digm. pp. 231-264 fn: Keiter, R.R., and M.S. Boyce, eds. The Greater
Yellowstone Ecosystem: Redefining American’s wilderness heritage.,
Yale Univ. Press, New Haven, Conn. 428 pp.

Chadde, 8.W., P.L. Hansen, and R.D. Pfister. 1988, Wetland plant
communitics on the nonhern range of Yellowstone National Park.
School of Forestry, University of Montana, Missoula, Mont. Final con-
tract report 1o National Park Service, Yellowstone National Park, Wyo.
81 pp.

Chase, A. 1986. Playing God in Yellowstanc: The destruction of
America's first national park. Atlantic Monthly Press, Boston, Mass.
446 pp.

Clifford, F. 1993. Scicntists fight over who's faithful to Yellowstone.
Los Angeles Times, Nov, 22, Pages Al, A20-21,

Despain, D.G. 1989, Interpretation of exclosures in riparian vegelalion,
p. [88 In: Gresswell, R.E., B.A. Barton, and J.L. Kershner, eds.
Practical approaches to riparian management: An educational work-
shop. U.S. Burcau of Land Management, Montana State Office,
Billings, Mont. Rep. BLM-MT-PT-89-001-4351. 193 pp.

Despain, D.G., D. Houston, M. Meagher, and P. Schullery, 1986,
Wildlife in transition: Man and nature on Yellowstone's northermn
range, Roberts Rinehart Ine., Boulder, Celo. 142 pp.

Dodd, J. 1991, USFES standards for riparian zones: Are they based on
real world or fantasy world models? Socicty for Range Management,
Wyoming Scction Newsletter (April):9--10.

Engstrom, D.R., C. Whitlock, S.C. Fritz, and H.W. Wright, Jr. 1991.
Recent environmental changes inferred from the sediments of small
lakes in Yellowstone's nosthern range. J. Palcolimnology 5:139-174,

Estes, J.A,, D.O, Duggins, and G.B3. Rathbun. 1989, The ecology of
exlinctions in kelp forest communities. Consery, Bio), 3:252-264,

Haines, A.L. 1974, Yellowstone Natiena! Park —its exploration and
establishiment. U.S. National Park Service, Washington, D.C. 218 pp.

aines, A.L. 1977, The Yellowstone Story, Yellowstone Library and
Muscum Association in coapceration with Calorado Association
University Press, Yellowstone National Park, Wyo. Vol. 1. 385 pp.

Hamilton, W.L. 1994, Recent environmental changes inferred from the
sediments of small takes in Yellowstone's northern range {Engstrom et
al.,, 1991). J. Paleolimnology 10:153-157.

Hawkes, K. 1991. Showing off: Tests of a hypothesis about men's forag-
ing poals. Ethol. and Sociobiol, 12:29-54,

Hawkes, K. 1992, On sharing and work. Curr. Anthropol, 33:404-407,

Hawkes, K. 1993, Why hunter-gatherers work. Curr. Anthropol.
34:341-361.

JOURNAL OF RANGE MANAGEMENT 50(2), March 1997




Houston, D.B. 1973. Wild fires in northermn Yellowstone National Park.
Ecol. 54:1111-1117.

Houston, D.B. 1976, Rescarch on ungulates in northern Yellowstone
Natignal Park. pp. 11-27 in Research in the parks. Transactions of the
National Park Centennial Symposium. December 1971, National Park
Service Symposium Series No. 1.

Houston, D.B. 1982. The northern Yellowstone elk: Ecology and man-
agement. MacMillan Pub., N.Y. 474 pp.

Hultkrantz, A. 1974. The Tndians in Ycllowstone Park, Pages 215-256
in Horr, D.A., ed. Shoshone Indians. Garland Pub., N.Y. 320 pp,

Hultkrantz, A. 1979, The fear of geysers among Indians of the
Ycllowstone Park arca, pp. 33—42 in Davis, L.B,, ed. Lifeways of
intermontane and plains Montana Indians. Occ. Paper Muscum of the
Rockies 1:1-158.

Kay, C.E. 1990. Ycllowstonc's northern elk herd: A critical evaluation of
the "natural regulation” paradigm. Ph.D. Diss., Utah State Univ.,
Logan, Ut. 490 pp.

Kay, C.E. 1994a, Aborginal Overkill: The role of Native Americans in
structuring western ccosystems. Human Nature 5:359-398,

Kay, C.E. 1994b. The impact of native ungulates and beaver on riparian
communitics in the Intermountain West. Nat, Resources and Environ,
Issues 1:23-44.

Kay, C.E. 1994¢. An evaluation of willow communitics on the U.S,
Sheep Experiment Station's Centennial Mountains summer range.
Unpub. Rep. on file, U.S, Sheep Experiment Station, Dubaois, Ida.
83423. 26 pp. + 10 Figures, 3 Tables, and 3 Appendices,

Kay, C.E. 1995a. Aboriginal overkill and native buming: Implications
for modem ecosystem management. West, J. App. For. 10:121-126.
Kay, C.E. 1995bh. Browsing by native ungulates: Effects on shrub and
seed production in the Greater Yellowstone Ecosystesn. pp 310-320
In: Roundy, B.A., E.D. McArthur, 1.8, Haley, and D.K, Mann, cds.
Proceedings: Wildland shrub and arid land restoration symposium.

U.8. Forest, Serv. Gen. Tech. Rep, INT-GRR-315. 384 pp.

Kay, C.E. (in press a). Ycllowstone: Ceological malpractice. Pacific
Res. Inst., San Francisco, Cal,

Kay, C.E. (in press b). An altemative interpretation of the historical evi-
dence relating to the abundance of wolves in the Yellowstone
Ecosyslem, Paper presented at the Second North American symposium
on wolves: Their status, biology, and management. Univ, of Alberta,
Edmonton, AB. August 25-27, 1992, 27 pp.

Kay, C.E. and 5.W. Chadde. 1992, Reduction of willow seed produc-
tion by ungulale browsing in Yellowstone National Park. pp. 92-99 In:
Clary, W.P., E.D. McArnhur, D. Bedunah, and C.L. Wambolt, cds,
Proceedings—Symposium on ecology and management of riparian
shrub communities. U.S. Forest. Serv. Gen. Tech, Rep. INT-289. 232

PP.

Kay, C.E. and F.H, Wagner. 1994. Historic condition of woody vegeta-
tion on Yellowstone's northern range: A critical test of the "natural reg-
ulation” paradigm, pp. 151-169 Ir: Despain, D.G., ¢d. Plants and their
environments'—Proceeding of the first biennial sciemific conference
on the Greater Yellowstone Ecosystem. U.S. National Park Service,
Denver, Colo, Tech, Rep. NPS/NRYELL/NRTR-93/XX. 347 pp.

Kay, C.E. and C.W. White, 1995. Long-term ccosyslem states and
processes in the central Canadian Rockics: A new perspective on eco-
logical integrity and ccosystem management. pp. 119-132 in Linn,
R.M., cd. Sustainable socicty and protected areas, The George Wright
Saciety, Hancock, Mich. 300 pp.

Lemke, T. 1989, Winter kill. Montana Qutdoors 20(6):2-6.

Mattson, D.J, and J.J. Craighead. 1924, The Yellowstone grizzly bear
recovery program: Uncertain information, uncertain policy. pp.
101-129 fn: Clark, T.W., R.P. Reading, and A.L. Clarke, eds,
Endangered species recovery: Finding the lessons, improving the
process. Island Press, Washington, D.C, 454 pp.

Nelson, J.R. and T.A. Leege. 1982. Nutritional requirements and food
habits. pp. 323-367 In: Thomas, J.S.. and D.E. Toweill, eds. Elk of
North America: Ecology and management. Stackpole Books,
Harrisburg, Penn. 698 pp.

Patten, D.T. 1993. Herbivore optimization and overcompensation: Does
native herbivory on westemn rangelands suppont these theorics? Ecol,
Appl. 3:35-36.

JOURNAL OF RANGE MANAGEMENT 50(2), March 1997

Platts, W.S. 1991, Livesrock grazing. Ameriean Fisheries Society
Special Publ. 1%;389-124,

Platts, W.S., W.F. Mcgahan, and G.W. Minshall. 1983. Methods for
evaluating stream, riparian, and biotic conditions. U.S. Forest. Ser.
Gen, Tech. Rep, INT-138.70 pp.

Platts, W.S., C. Armous, G.D. Booth, M. Bryant, J.1L, Bufford, P.
Cuplin, S. Jensen, G.W. Lienkaemper, G.W. Minshall, S.B.
Monson, R.L. Nelson, J.R, Sedell, and J.S, Tuhy. 1987, Methods for
evalualing niparian habitats with applications to management. U.S. For.
Ser. Gen, Tech, Rep. INT-221. 177 pp.

Rosgen, D.L. 1993, Stream classification, streambank erosion, and flu-
vial interpretations for the Lamar River and main triburaries. Unpub.
Rep. on file, Nationa! Park Service, Yellowstone National Park,
Mammoth, Wyo. 22 pp. + 29 Figures.

Rush, W.M. 1932, Northem Yellowstone elk sindy, Montana Fish and
Game Commission, Helena, Mont. 131 pp.

Singer, FJ., L.C. Mark, and R.C. Cates. 1994. Ungulate herbivory of
willow on Yellowstane's northern winter range. J. Range Manage,
47:435—443,

Stein, S.J., P.W. Price, W.G. Ahrahamson, and C.T. Saeche. 1992,
The effect of fire on stimulating willow regrowth and subsequent
atlack by grasshoppers and elk. Qikos 65:190-196.

Tyers, D.B. 1981. The condition of the northern Ycllowstone winter
range in Yellowstone National Park—a discussion of the controversy.
M.S. Thesis, Montana State Univ., Bozeman, Mont, 170 pp.

U.S. Senate. 1967. Control of elk population, Yellowstone National
Park., Subcommittee of the Committee on Appropriations. 90th
Congress, 1st Session. 142 pp,

Wagner, F.H. and C.E. Kay. 1993. "Natural” or "healihy” ecosystems:
Are U.S. national parks providing them? pp 257-270 In: McDennell,
M.J., and S.T. Picketl, eds. Humans as componunts of ecosystems.
Springer-Verlag, N.Y. 364 pp.

Wagner, F.H,, R. Foresta, R.B. Gill, D.R. McCullnugh, M.P. Pelton,
W.F, Porter, and H, Sulwasser. 1995, Wildlife policies in the U.S.
national parks. Island Piess, Washington D.C. 242 pp.

Wright, G.A. 1984, People of the high country: Jackson Hole before the
settlers, Peter Lang, NUY. 181 pp.

145




