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Reports results ofa study of the impact that native un­
gulates had on the production ofwillow (Salix bebbiana, 
S. boothii, S. lutea, and S. geyeriana) seeds in Yellowstone 
National Park. Long-term grazing exclosures were used to 
compare seed production in unbrowsed versus browsed com­
munities. The number ofseeds per m'offemale willow can­
opy coverage inside exclosures ranged from about 109,000 
for S. geyeriana to over 583,000 for S. lutea. Outside the 
exclosures, no male or female aments (catkins) or willow 
seeds were produced. Individual willow plants with a few 
stems beyond the reach ofungulates on Yellowstone's north­
ern range showed an identical pattern. Willow stems above 
the browse height (2.5 m) produced an abundance ofmale 
or female aments. No aments were produced on that por­
tion ofthe plant exposed to browsing. 

INTRODUCTION 

Numerous authors have demonstrated that ungulate 
browsing impairs the growth of trees and shrubs, which 
may lead to elimination of those species from their natural 
habitats (Putman and others 1989; Risenhoover and Maass 
1987). In particular, elk (Cervus elaphus) can have a major 
impact on plant communities by reducing woody vegetation 
and promoting grasses through a combination ofgrazing 
and trampling (Edgerton 1987; Gysel 1960; Hanley and 
Taber 1980; Kay 1990; Tiedemann and Berndt 1972). 

In response to this concern, wildlife biologists have con­
ducted numerous clipping experiments to determine "proper 
use" levels for many shrubs because those plants are often 
key foods for big game during critical winter periods (Aldous 
1952; Julander 1937; Krefting and others 1966; Lay 1965). 
In general, they found that most shrubs, including willows, 
increase vegetative production under light to moderate 
clipping. Based on these experiments and field observa­
tions, ungulate browsing is thought to stimulate above­
ground shrub production. This has been seen as a positive 
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influence by most game managers, who often overlook long­
term community relationships. 

However, a few researchers have cautioned that brows­
ing may depress seed production and thereby negatively 
impact plant popUlations over several generations (Verkaar 
1987). Clipping suppressed flowering in many common 
browse species, and most plants produced flowers only on 
their upper, unclipped branches (Garrison 1953). Simu­
lated winter browsing reduced female ament production 
in birch (Betula pendula and B. pubescens) (Bergstrom 
and Danell 1987), as well as seed production in rabbitbrush 
(Chrysothamnus viscidiflorus) and snowberry (Symphori­
carpos oreophilus) (Willard and McKell 1978). Hemmer 
(1975) noted that browsing reduced berry production in 
serviceberry CAmelanchier alnifolia). Shepherd (1971) ob­
served that heavy clipping reduced fruit production in ser­
viceberry, mountain-mahogany (Cercocarpus montanus), 
Gambel oak (Quercus gambelii), bitterbrush (Purshia 
tridentata), and big sagebrush (Artemisia tridentata). 

Seed predation has been shown to influence the species 
composition of vegetation communities over a wide range 
of habitats (Andersen 1989; Cavers 1983; Janzen 1971; 
Louda 1983; Schupp 1988). Most seed predation studies 
have focused on insects, birds, or small mammals. Reports 
of ungulate seed predation are uncommon, and few have 
investigated seed predation by large native ungulates in 
the Western United States. 

This paper explores the impact native ungulates--illk, 
moose Wces alces), mule deer (Odocoileus hemionus), 
pronghorn (Antilocapra americana), bighorn sheep (Ovis 
canadensis), and bison (Bison bison}-in Yellowstone 
National Park are having on the sexual reproduction of 
willows. Long-term grazing exclosures were used to com­
pare seed production in unbrowsed versus browsed willow 
communities. 

STUDY AREAS 

Study sites were located on the winter range of the north­
ern Yellowstone elk herd. Elk, the primary large herbivore, 
comprise approximately 80 percent of the total number 
of ungulates in the Greater Yellowstone Ecosystem (Kay 
1990). Houston (1982) provides a description of the climate, 
physiography, and vegetation ofYellowstone's northern 
range. Location, date ofestablishment, and size of the 
exclosures used in this study have been summarized by 
Kay (1990). Barmore (1981: 453-459), Houston (1982: 
415-420), and Chadde and Kay (1991) provide additional 
information on exclosures in Yellowstone National Park. 



METHODS 
The National Park Service established one pennanent wil­

low belt transect inside and another outside the Mammoth 
(1957), Junction Butte (1962), and Lamar-East (1957) 
exclosures at the time of construction. At Lamar-West 
(1962), a willow transect was established only inside the 
exclosure. The Lamar-East outside willow belt was in­
tended as a control for both the Lamar-East and Lamar­
West exclosures. Thus, seven pennanent willow belt tran­
sects are associated with these exclosures; three outside 
and four inside. The belt transects at Mammoth, Lamar­
East, and Lamar-West are all 1.5 by 30.5 m; those at 
Junction Butte are 1.5 by 22.9 m. Data on willow canopy 
. coverage and plant height have been collected by the Park 
Service at various intervals since these exclosures were es­
tablished. That infonnation, repeat photographs of the belt 
tra,.nsects, and additional data collected during 1988 were 
su'mmarized by Kay (1990) and Chadde and Kay (1991). 

Willow Aments 
Because there were so few willow aments in areas exposed 

to repeated ungulate browsing, we recorded the number of 
aments on the entire belt transect outside each exclosure. 
In addition, we searched large areas of willow habitat 
(Chadde and others 1988) adjacent to each exclosure for 
willow aments and recorded those numbers. However, 
these procedures were impractical inside the exclosures due 
to the much greater ament densities that we encountered. 
Instead, inside the exclosures we counted aments on 1_m2 

plots placed in willow canopies. 
Whenever possible, we sampled willows on the inside 

belt transects, but in most instances we also measured 
some plants adjacent to the pennanent belt transects to 
obtain an adequate sample. All willows inside the exclo­
sures produced aments, but it was easier to count aments 
on plants that were in full flower at the time of our visit. 
Furthennore, our equipment (a 2.5-m stepladder) prevented 
us from sampling plants taller than 3.5 m. We recorded the 
sex of all willows on and adjacent to the pennanent belt 
transects. Willows were sampled during spring 1989. 

We sampled only the major willow species within exclo­
sures (Chadde and Kay 1991). These included S. bebbiana, 
S. boothii, S. lutea, and S. geyeriana for which we collected 
samples of female aments from each exclosure. We counted 
the mature fruits on 60 female aments of each species from 
each exclosure. Those aments were then air dried in the 
laboratory and the number of seeds in 10 fruits counted for 
each species-exclosure. We were unable to make identical 
measurements on female aments outside exclosures, be­
cause ament production was nonexistent there. 

As part of another study, Chadde and others (1988) con­
structed two small exclosures (2 by 4 m) in 1986 adjacent 
to and sharing a common side with each of the Mammoth 
and Junction Butte exclosures. A trench 0.5 m deep was 
dug along the common side and a plastic barrier installed 
to sever root connections with plants in the older exclosure. 
Willow stems <30 cm tall were present inside each mini­
exclosure when they were erected. We recorded all the 
aments inside four of these mini-exclosures in 1989 after 
three seasons of protection from browsing. 

Individual Plants 
Though rare, some willows and other shrubs on the north­

ern range have branches that are beyond the reach ofelk 
(Kay 1990). On those plants, a few tall, central stems are 
usually surrounded by a large number.oflower, repeatedly 
browsed stems. Several of these "mushroom" willows exist 
near Geode Cree~. To evaluate the effect of browsing on 
ament production of individual willows, we recorded the 
number of male or female aments on all stems above and 
below the browse height (2.5 m) on each plant. We gath­
ered similar data on river birch (Betula occidentalis) near 
the Mammoth exclosure. These measurements were taken 
in 1989 . 

RESULTS 

As reported in a previous paper (Chadde and Kay 1991), 
willows were taller and had greater canopy coverage inside 
than outside each exclosure. Other less palatable shrubs, 
such as rose (Rosa woodsii) and river birch, exhibited this 
same pattern. When pooled, these differences were statis­
tically significant across exclosures (p < 0.01). Outside 
these exclosures, the mean height of all willow species was 
34 cm while inside it was 274 em (p < 0.01). When the non­
willow portions of the belt transects were excluded, willow 
canopy coverage averaged 14 percent outside the exclosures 
and 95 percent inside (p < 0.01). Thus, willow canopy clo­
sure was nearly complete inside the exclosures. 

Outside the exclosures, no aments were present in any 
of the pennanent willow belt transects (table 1). Further­
more, only eight male aments were found in an additional 
1.13 ha of willow-dominated habitat that we searched adja­
cent to the four exclosures on Yellowstone's northern range. 
In contrast, S. bebbiana, S. boothii, S. lutea, and S. geyer­
iana produced an average, respectively, of 1,445, 583, 694, 
and 1,346 female aments per m! of canopy coverage inside 
exclosures (table 2). 

Table 1-Number of aments produced by willows in permanent 
belt transects and adjacent areas outside Yellowstone 
exclosures 

Permanent belt transects Adjacent areas 
Number of Number of 

Exclosure Size aments SIze aments 

mil mil 

Mammoth' 46.5 0 3,000 0 
Junction Butte 34.8 0 800 0 
Lamar-West 
Lamar-East 

(2) 
46.5 

(2) 
0 

3,500 
4,500 

0 
38 

Mean number of 
aments per m2 0 0.0007 

'There were also no male or female aments on Betula occidentslis plants 
in this belt transect. 

"There is no permanent willow belt transect outside this exclosure (see 
text). 

'Male SaOx bebbiana protected from browsing by dead stems. 
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Table 4-Number of aments produced above and below browse height (2,5 m) on individual willows 
in Yellowstone National Park near Geode Creek 

Plant Number of Number of aments per ~Iant 
size stems above Below Above 

Species-plant canopy coverage browse height browse height browse height 

m2 

Salixlutea 
A-female 12 5 0 1,680 
B-female 2 1 0 78 
C-female 2 2 0 170 
D-male 3 9 0 1,140 

Salix geyeriana 
E-female 4 2 0 160 
F-female 1 3 0 1,351 
G-female 3 5 0 600 

Salix boothii 
H-female 2 2 0 182 

Mean 10 1670 

't = 2.80, P< 0.02. 

Table 5-Number of aments produced above and below browse height (2.5 m) on individual river 
birch plants near Yellowstone's Mammoth exclosure 

Plant Number of 
size stems above 

Plant canopy coverage browse height 

Number of aments on ~Iant 
Above Below 

browse height browse height 

m2 Female Male Female Male 

A 
B 
C 
D 

4 
16 
12 
12 

1 
2 
2 
1 

16 
0 

951 
272 

280 
39 

1,291 
784 

0 
0 
0 
0 

118 
0 
0 

13 

Mean 310 598 0 5 

'Protected from browsing by dead stems. 

Willows protected for three growing seasons increased in the current year's willow stem growth (Houston 1982: 149). 
height but produced less than two male or female aments Willow utilization has not decreased in recent years (Kay 
per m2 (table 6). It apparently will take several more years 1990). 
for those plants to reach their full reproductive potential. Second, as Harper (1977: chap. 21) noted, plants allocate 

resources between vegetal growth and reproduction. Plants 
that must allocate resources to herbivore-induced vegeta­DISCUSSION 
tive growth are unlikely to produce many seeds (Garrison 
1953: 316; Hemmer 1975). Further, woody plants passMechanisms Limiting Seed Production 
through a juvenile or vegetative phase during which they 

Winter browsing limits willow seed production in at cannot be induced to flower (Krugman and others 1974; 
least three ways. First, browsing removes flower buds Zimmerman 1972). On Yellowstone's northern range, re­
that developed the previous fall (Garrison 1953: 315-316; peatedly browsed willows often exhibit juvenile character­
Jameson 1963; Mosseler and Papadopol1989: 2569). When istics (Despain 1989). 
those plants begin growth the following spring, few flower­ Finally, since there is a positive correlation between 
ing buds are present. Lateral buds often produce new size of individual plants and size of the fruit crop (Herrera 

leader growth, but they will not produce flowering buds 1984: 390; Peters and others 1988), grazing-induced size 

that spring (Childers 1975: 128). Flowering buds are most limitation also reduces the number of seeds produced. These 

commonly produced on the previous year's growth. If that three mechanisms apparently operate to curtail seed produc­

woody material is consumed by ungulates, those plants tion when plants are exposed to frequent ungulate browsing, 

cannot flower the following spring and seeds are not pro­ as in Yellowstone. 

duced. From 1970 to 1978, ungulates on Yellowstone's Though we measured seed production only in 1 year, 

northern range on average consumed over 91 percent of the pattern of virtually no seed production outside the 
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Table 6-Number of aments produced by willows protected from browsing 
for 3 years. Mini-exclosures were constructed adjacent to 
permanent 2.1-ha exclosures in 1986 (see text) 

Location/mini- Number of aments ~er m2 for total enclosed area 
exclosure Salix bebblana Sa/lx/utea 

Female Male Female Male 
Mammoth 

M-North 0 1.0 0 0 
M-South 0 0 2.8 .4 

Junction Butte 
M-West .5 0 1.4 2.9 
M-East 0 1.1 .5 .2 

Mean .1 .5 1.2 .9 

exclosures, but abundant seed production within, probably winter range, including willow communities. However, 
reflects what happens every year. Observations on willows agency biologists now hypothesize that elk and other 
at these exclosures in other years and at other exclosures animals in Yellowstone are "natum11y regulated," being 
not included in this study support this conclusion (Kay resource (food) limited (Houston 1976, 1982; Kay 1990). 
1990). Park Service biologists now believe elk, vegetation, and 

other herbivores in Yellowstone have been in equilibrium 
for several thousand years (Despain and others 1986). Comparison With Other Studies They also believe that any changes in plant species compo­
sition or height are due primarily to suppression oflight­Katsma and Rusch (1980) reported that simulated win­
ning fires, normal plant succession, or climatic change, ter deer browsing reduced apple production the following 
not ungulate grazing. Houston (1982: 129) concluded thatyear. Ungulate browsing caused a 61 to 86 percent repro­


ductive depression in Rosa canina (Herrera 1984). Allison "while ungulates and other herbivores affected the rate of 

(1987) concluded that winter browsing by white-tailed deer primary succession, changes in distribution of willow were 

(0. virginianus) affected Canada yew (Taxus canadensis) mostly climatically determined." 
sexual reproduction by reducing pollen production, which, Houston (1976) indicated that if willow communities 
in turn, caused seed production to decline. On Isle Royale, had actually declined on the northern range because of 
repeated browsing by moose prevented recruitment by bal­ ungulate browsing, this would be a basis for rejecting the 
sam fir (Abies balsamea), and "no cone production was ob­ "natural regulation" hypothesis. Because "natural regula­

tion" is a global equilibrium model, graZing-induced changes served on any browse stunted sapling" (Brander and others 
1990: 162). in vegetation height since 1872, when the park was cre­

To the best of our knowledge, no published studies have ated, would also indicate the herbivores have not been in 
reported the level of ungulate-induced seed production loss equilibrium with their food resources. Therefore, ifungu­
we encountered. Even studies of small mammals, birds, late browsing on the northern range has changed what 
and insects have seldom documented the level of seed loss were once tall willow communities into short willow types, 
observed in Yellowstone. For instance, Elmquist and oth­ this would be additional grounds for rejecting "natural 
ers (1987) reported stem girdling by mice reduced willow regulation." 
seed production a maximum of 94 percent. However, in Based on 48 repeat photosets of willow communities 
Yellowstone Park, ungulate browsing reduced potential in the park, some dating from 1871, historical accounts, 
willow seed production by 100 percent. Moreover, based and other data, Chadde and Kay (1991) concluded that 
on photographic evidence (Chadde and Kay 1991), few wil­ Yellowstone's tall willows had declined approximately 
lows on Yellowstone's northern range appear to have pro­ 95 percent since the park was established, not because 
duced seeds for the last 50 or so years. of climatic change or succession, but primarily from re­

peated ungulate browsing. We suggest that the virtual 
elimination of willow seed production also indicates 

''Natural Regulation" Yellowstone's ungulates and vegetation are not in equi­
librium. Once the existing willows die ofold age, disease, The relationship between vegetation and ungulates in 
insects, or other causes, they cannot be replaced by new Yellowstone has long been a subject of conflicting opinions 
plants produced from seed. Under these conditions, wil­and intense debate (Chase 1986; Despain and others 1986; 
lows will eventually disappear. Willows commonly colonize Houston 1982; Kay 1990). Prior to 1968, the Park Service 
new habitats by producing vast numbers of wind-dispersedcontended that an "abnormally" large elk population, which 
seeds. Yet, during a 3-year study to classifY wetland com­had built up in Yellowstone during the late 1800's and 
munities on the northern range, Chadde and others (1988) early 1900's, had severely "damaged"1 the park's northern 
observed few willow seedlings on newly created gravel bars 

lTenns such as "over grazing," "range damage," and "unnatural" elk and mud flats, which normally provide ideal seed beds. 
populations are common in nearly all early, government reports on the elk Several researchers have questioned the importance
herds in the Greater Yellowstone Ecosystem. Since these terms are value­ of seed predation to recruitment in stable populations of laden, they are used here only in their historical context. 
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long-lived perennials (Duggan 1985). Anderson (1989) 
concluded that, "The importance of seed losses to popula­
tion recruitment at any point in time is related to the 
abundance of safe sites [for seed germination and seedling 
establishmentl .. .it is zero when safe sites are absent, negli­
gible when safe sites are rare, and greatest when safe sites 
are numerous enough for recruitment to be limited by seed 
supply." He noted that soil seed banks could offset any long­
term impacts of seed predation to long-lived perennials. 

However, since willow seeds are short lived and are not 
stored in soil seed banks (Brinkman 1974; Densmore and 
Zasada 1983), this cannot be an important consideration in 
willow ecology. Moreover, even if willow seedlings become 
established outside the exclosures, the level of ungulate 
browsing that exists would prevent those plants from being 
recruited into their sexually reproducing populations. 

For instance, the few large cottonwoods (Populus tricho­
carpa and P. angustifolia) remaining along waterways in 
Yellowstone Park produce abundant seeds, some of which 
establish on gravel bars along rivers and streams. How­
ever, almost none of those plants has been successfully 
recruited into their sexually reproducing populations over 
the last 80 or so years, because repeated ungulate browsing 
has prevented new cottonwoods from growing taller than 
1 m (Chadde and others 1988; Kay 1990). Chadde and Kay 
(1991) reported that willows established from seed on a 
gravel bar along Yellowstone's Gardiner River were re­
placed by grasses and other herbaceous plants within 
9 years due to repeated ungulate browsing. During the 
mid-1970's, a few tall willows were still alive above and 
below this gravel bar. Those plants probably produced the 
seeds that became established on this gravel bar. Since 
that time, continued ungulate browsing in combination 
with insects and pathogens has eliminated those tall wil­
lows (Kay 1990). 

Without abundant seed crops, willows cannot take ad­
vantage ofrecruitrnent opportunities produced by periodic 
large-scale disturbances such as fire. Yellowstone's 1988 
fires occurred under extreme burning conditions during 
an extended drought and are thought to have been a 
100-300-year event (Romme and Despain 1989a, 1989b). 
Hence, those fires were able to burn normally wet riparian 
zones (Knight and Wallace 1989), many of which had thick 
sedge (Carex spp.) mats and accumulations of organic mat­
ter (Brichta 1987; Chadde and others 1988). These areas, 
normally unfavorable to willow seed germination and seed­
ling establishment, "were burned down to mineral soil, kill­
ing rhizomes and root systems" (Knight and Wallace 1989: 
704). This created bare mineral soil and ash substrates 
that had abundant soil moisture especially after snowmelt 
in 1989-ideal conditions for germination and seedling 
establishment of willow (Brinkman 1974). Yet, few willow 
seedlings were observed in those areas (Kay 1990). Our 
data indicate that practically no willow seeds were produced 
on Yellowstone's northern range to colonize this newly cre­
ated habitat. 

Agency biologists, with little supporting evidence, have 
assumed that 12,000-15,000 elk wintered on the northern 
range over the last several thousand years (Despain and 
others 1986; Houston 1982). However, some measure of 
pre-European ungulate populations and relative species 
abundance is needed to determine the level of grazing 

pressure under which willows have persisted in the 
Yellowstone area. Based on extensive archaeological re­
search in northwest Wyoming, Wright (1984) concluded that 
large herds of elk did not inhabit the Greater Yellowstone 
Ecosystem until the late 1800's. In fact, all the available 
archaeological evidence suggests that elk were not common 
in the Yellowstone area over the last several thousand 
years (Eakin 1986; Eakin and others 1986; Frison 1978; 
Frison and Walker 1984; Harris 1978; Hoefer 1986; Lahren 
1976; Walker 1987). Of ungulate bones unearthed from 
Yellowstone archaeological sites, elk made up less than 
3 percent of the total and elk only accounted for 3 percent 
of over 52,000 ungulate bones identified from more than 
200 archaeological sites throughout the Intermountain 
West (Kay 1990). 

Furthermore, woody plants (including willows) depicted 
in early (1870-90) Yellowstone photographs showabso­
lutely no evidence of ungulate browsing (Kay 1990). This 
may explain how willows in Yellowstone were able to main­
tain viable populations over the past millennia. These data 
also suggest that some factor besides resource competition 
was the primary determinant of ungulate abundance and 
distribution prior to European influence. 

Applicability to Other Areas 
Though we only measured the impact that native ungu­

lates, primarily elk, have had on willow seed production 
in Yellowstone National Park, domestic livestock could 
have a similar effect on willow communities throughout 
the West. If all the willows are within reach of domestic 
livestock and if those animals remove a large proportion 
of the plant's current annual growth, it is highly probable 
that willow seed production would also show a marked 
decline under those circumstances. 

Browsing impacts on seed production should not be over­
looked by managers who are working to restore disturbed 
riparian areas, especially ones which were degraded by 
excessive livestock grazing. 
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