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Response to comment: Ungulate herbivory on willows on Yellowstone’s northern winter range
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We concur with Wagner et al (1995), that ungulate browsing
has an import effect on growth form, productivity, and survival of
willows in northern Yellowstone National Park (hereafter YNP).
We concur with Wagner et al. (1995) that elevation, precipitation,
willow height, aboveground biomass production, and concentrations of secondary compounds covary in willow shoots on
Yellowstone’s northern ungulate winter range. We do not imply
cause and effect between the climate change in northern YNP this
century and the willow decline, nor do we reject the overabundant elk hypothesis (Singer et al. 1994). We present the casefor a
more complex, multi-causal situation, where interactions between
elk abundance, climate change, fire, mammalian predators, and
beaver abundance, might all influence the status and recruitment
of willows. Singer et al. (1994) was intended as a paper to suggest a set of hypotheses that might explain the willow decline in
YNP. We use cautionary phrases like w.
likelv, proposed,
anoarentlv. sneculate, and circumstantial 27 times in Singer et al.
(1995).
We disagree with Wagner et al. (1995) that elk densities in the
area are inversely correlated with elevation (Coughenour and
Singer 1995) and elk consume mostly a grass-sedgediet (86% of
the elk diet) and few willows (~0.1% of diet, Singer and Norland
1994).
Furthermore, ungulate browsing intensity is not inversely correlated with either elevation or precipitation. Biomass removed
by ungulates during winter from tall willow stands, mostly by
moose, exceeds that removed from suppressed willow stands 9fold, and that removed from intermediate stands by nearly 7 foldduring the winter. Ungulate browsing consumption (kg/ha
removed), is far greater in tall versus suppressed willows, the
reverse of that contended by Wagner et al. (1995). Mean percent
of current annual growth (CAG) removed 1988-93, averaged
only slightly greater (3 1%) in suppressed stands, compared to tall
willows (22%), and intermediate willows (26%). These data indicate that suppressedwillows at low elevations are at a serious disadvantage, in terms of growth potential, to cope with ungulate
herbivory.
Wagner et al. (1995) state that woody plant species on the
northern winter range have declined due to elk herbivory, and elk
in northern YNP have been reduced to eating the least palatable
forages, for example spruce (PI’cea engelmannii)
and other
conifers. The field evidence does not support their statement. No
forages differed in elk diets compared between 1967-70 and
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1986-88, a period when all northern range ungulates approximately tripled following cessation of artificial controls, and when
the elk increase was 2.6 fold (Singer and Norland 1994). In fact,
elk used aspen and conifer types significantly less during the
recent period, and there was a tendency for less conifers in the elk
diet during the recent period. Many upland woody shrubs have
mostly increased, not decreased, over the past 5 decades (Singer
and Renkin 1995). During this past century, until the large fires
of 1988, there was a pattern of widespread conifer encroachment
onto grasslands (Houston 1982), not a decline (Wagner et al.
1995). This appears to be largely due to fire suppression
(Houston 1973, 1982).
It is grass forage that regulates elk, not willows and aspen
(Houston 1982, Coughenour and Singer 1995). An already marginally-distributed shrub type--suppressed willows--has become
highly palatable to elk whose numbers are regulated by something else. Wagner et al. (1995) disregard the fact that the grasslands of northern YNP, which are very important to elk regulation, are in good to excellent condition (Coughenour 1991; Frank
and McNaughton 1992, 1993; Wallace and Macko 1993; Merrill
et al. 1994; Coughenour et al. 1995; Reardon 1995; Lane and
Montagne 1995; Singer 1995; Singer and Harter 1995), and
aboveground production of grasses was stimulated by ungulate
herbivory (Frank and McNaughton 1992, 1993), suggesting elk
have not depleted their preferred food resources.
Wagner et al. (1995) question the significance of the climate
change in YNP this century, and in doing so, they ignore a substantial volume of recent research and published literature. A climate change to increasing aridity in northern YNP this past century is well documented, summer temperatures increased 0.87”C,
and January-June precipitation decreased 61 mm (Balling et al.
1992a, 1992b). Fewer large floods have occurred during the last
century, with the last large flood in 1918, and the last period of
frequent floods in the 1870’s (Meyer et al. 1992; Bingham and
Meyer 1994) also due, in part, to a drier climate. Aging of aspen
in northern YNP also verified a wetter period from 1870-90. All
large canopy aspen stems sampled were generated during the
wetter period of 1870-90 (Romme et al. 1995).
Considerable field evidence suggests drier conditions on sites
occupied by suppressed willows. Willows are now co-dominant
with dryland shrubs such as mountain big sagebrush (A. tridentata vuseyuna) on many sites across the low and mid-elevations of
the winter range. Almost no recruitment of willows is observed at
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the lower and mid-elevations of the winter range, including inside
of exclosures, where the number of adult willows has declined
25% since 1958 (Singer 1995b). However, considerable numbers
of willow seedlings and recruits occur at higher, wetter elevations. Elsewhere, birches and willows either sustain or increase
their yield when removals of current annual growth are equivalent or greater than consumption rates on willows in YNF (Basset
1951; Lay 1965; Willard and McKell 1978; Wolff et al. 1983;
Fox andBryant 1984; Danell et al. 1985; Risenhover 1985).
We do not agree with the rare elk hypothesis for historic times
in YNP (Kay and Wagner 1995; Wagner et al. 1995). Elk were
greatly reduced by over harvesting for markets by 1871-77
(Schullery and Whittlesey 1992), and this period is not the standard by which to compare all future elk abundance. Elk increases
were to be expected following this period. The overharvested elk
were protected in the park starting about 1886 by the U.S. Army,
wolves and other predators were controlled to protect ungulates,
and elk were artificially fed during the winters (Skinner 1928;
Wright and Thompson 1935; Houston 1982; Romme et al. 1995).
The first aerial census of the herd was conducted in 1952, and
any information prior to that must be regarded as conjectural and
anecdotal. Neither a horseback count conducted over weeks, nor
sporadic observations by early explorers constitutes scientific evidence of either absolute or relative elk densities. Houston (1982)
and Schullery and Whittlesy (1992) concluded elk were abundant
in the area historically, but Kay (1990, 1994), using some of the
same historical, anecdotal, and uncontrolled observation data,
concluded that elk were rare in the area in preColumbian times.
We counter that pre-Columbian densities of elk will never be
known accurately (computer models suggest only S-20% fewer
elk with wolves present) Garton et al. 1990; Boyce 1993; Mack
and Singer 1993). Wagner et al. (1995) assume, but do not prove,
that elk have increased unnaturally.
Wagner et al. (1995) aSsumea more-or-less-equilibrium condition prior to establishment of YNP, and they make sweeping
statements about elk numbers, and aspen and willow abundance
prior to 1872. The earlier park photos about 1870 set the stage for
interpretations of all later changes (Houston 1973, 1982; Chase
1986; Kay 1990, Kay and Wagner 1995). But the period from
1870-90 was apparently an unusual time that followed an extensive fire sometime in the 1860’s, precipitation was relatively
high, floods were larger and more frequent, wolves and beaver
were still abundant, and ungulate numbers were relatively low
(Houston 1973; Balling et al. 1992a, 1992b; Meyer et al. 1992;
Romme et al. 1995). The early 20th century was also an unusual
period without any large fires, with relatively dry climatic conditions, large beaver declines, extirpation of wolves, and higher
densities of protected elk. Given this setting, one would expect
some willow and aspen declines regardless of the number of elk
and regardless of the Park policy on elk. Wagner et al. (1995)
imply northern YNP should obtain a state of constant willow,
constant beaver, and constant elk densities.
We disagree with Wagner et al. (1995) that there is no evidence
suggesting lower secondary metabolites in suppressed willows
increases their palatability to ungulates. We documented tannin
declines of 15-17% in suppressed YNP willows which are near
the threshold value of 5% above which African ungulates avoid
browse (Cooper and Owne-Smith 1985). Even if tannin concentrations are unimportant, as Wagner et al. (1995) argue (but in
contrast to Barry and Manley 1984 and Cooper and Owen-Smith
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1985), phenolics are 64% less in suppressed S. geyeriuna and
41% less in suppressedS. woljii; the declines in both compounds
are unprecedented.
Wagner et al. (1995) assume a negative position and make 19
critical assertionsof our work and YNP management of ungulates
yet provide no new hypotheses or new suggestions for research.
They do not suggest a density of elk or other management actions
that would recover willow and aspen populations. Their underlying assumptions are that almost no wintering elk are appropriate
for the system, yet the historical and paleontological literature
indicates elk were common in the area historically (Houston
1982, Schullery and Whittlesey 1992; Bamosky 1995).
What to do about the “elk problem” in YNP? Wagner et al.
(1995) offer no management options for dealing with the declines
in willow-save perhaps to elimate elk altogether from YNP.
There is good evidence that willow and aspen would be declining
during the present period even with low browsing pressure, as
born out by continued high herbivory of suppressedwillows during the elk reductions of the 1960’s. The only possibilities to stop
declines in willows at low- and mid-elevations on the winter
range seem to be: (1) elimination of the YNP elk, (2) extensive
fence-building to create protective exclosures around all low elevation willow stands, and (3) reintroduction of wolves to reduce
elk densities. YNP is in the process of doing the third option,
while the first 2 options would have undesirable results. What
other options are there? We appeal to Wagner et al. (1995) to provide more than just criticisms, and to also provide positive suggestions.
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