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Abstract: Wolves were reintroduced into Yellowstone National Park in 1995/96, likely reestablishing a trophic cascade 
involving wolves, elk, and woody browse species. The return of wolves may have also triggered a secondary trophic 
cascade involving bison, which are generally a minor prey species for wolves in northern Yellowstone. We hypothesize a 
sequence of events in northern Yellowstone where: 1) wolves prey on elk, changing elk behavior and reducing elk 
numbers, 2) causing reduced elk herbivory and more forage available to bison, and 3) allowing higher bison densities and 
additional bison effects on the ecosystem. This secondary trophic cascade, whereby wolf predation may have indirectly 
allowed bison numbers to increase through a reduction in inter-specific competition with elk, may represent an example of 
an alternative top-down pathway by which predators can influence multiple trophic levels through mediating the 
competitive interaction between two prey species. Both wolves and bison can have important effects on ecosystems, and 
there is growing interest in restoring these animals to wider portions of their former range. However, there are many 
potential routes for interactions between species and it is important to consider the conservation implications of other 
cascading effects when reintroducing such ecologically influential species into wild landscapes. The potential benefits of 
bison to their native ecosystems may not be realized in situations with low predation pressure, high bison densities, and 
constraints on bison movement and migration, thus likely contributing to impairment of resources. 
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INTRODUCTION 

 Trophic cascades occur when the presence of a top 
predator substantially affects consumer (herbivore) behavior 
or population size, thereby influencing producer (plant) 
abundance, structure, or spatial distribution. Wolves (Canis 
lupus) were reintroduced into Yellowstone National Park 
during the winters of 1995 and 1996 following approxi-
mately seven decades of absence. During that seven decade 
period, palatable woody browse plants were highly sup-
pressed on the Park’s northern range (Ripple and Larsen 
2000, National Research Council 2002, Barmore 2003, 
Beschta 2005). Within ten years of increasing wolf presence 
and declining elk (Cervus elaphus) populations, there was 
evidence suggesting that a trophic cascade caused a reduced 
level of elk browsing on willow (Salix spp.), aspen (Populus 
tremuloides), and cottonwood (Populus angustifolia and P. 
trichocarpa) allowing young plants to grow taller in portions 
of the Park’s northern range (Singer et al. 2003, Ripple and 
Beschta 2006, Beyer et al. 2007, Ripple and Beschta 2007, 
Beschta and Ripple 2010). In addition to a decreasing elk 
population since wolf reintroduction, elk behavior and 
foraging patterns appear to have changed (Laundre et al. 
2001, Hernandez and Laundre 2005), with less browsing  
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along some streams and valley bottoms of the northern range 
(Beyer 2006, Ripple and Beschta 2006), and an increasing 
proportion of the northern Yellowstone elk herd wintering in 
the lower, western part of the range away from Lamar 
Valley, both in and out of the Park boundary (White et al. 
2010).  
 The objective of this manuscript is to present a new 
hypothesis concerning wolf-triggered trophic cascades in 
Yellowstone based on our analysis of elk and bison (Bison 
bison) population trends, field studies, and available litera-
ture. We describe ecological implications of this potential 
cascade, alternative hypotheses, and recommend additional 
work. 

BISON AND SECONDARY TROPHIC CASCADES 

 Concurrent with the recent decline in elk population and 
altered patterns of habitat use, the bison population has been 
increasing on the northern range (Fig. 1). Why would these 
opposite trends exist? Bison are currently not a major prey 
species for wolves in Yellowstone’s northern range, making 
up only a minor portion of the wolf kills (4% in 2008), while 
elk comprise a majority of the wolf diet (80% in 2008; Smith 
et al. 2009). Since there is competitive dietary overlap 
between Yellowstone’s elk and bison (Singer and Norland 
1994), and bison populations in Yellowstone are forage-
limited (Gates et al. 2005, Fuller et al. 2007), some have 
suggested that wolf predation could cause bison numbers to 
increase through a reduction in inter-specific competition 
with elk for forage (Coughenour 2005, Gates et al. 2005, 
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White and Garrott 2005). We posit that such a change may 
now be underway and that wolf reintroduction is triggering 
another (secondary) trophic cascade extending to bison and 
the plants bison consume in the Lamar Valley portion of the 
northern range.  
 We hypothesize a series of related events in the Lamar 
Valley, which we term a secondary trophic cascade, where: 
1) wolves prey on elk, changing elk behavior and habitat 
selection, and reducing elk numbers; 2) causing reduced elk 
herbivory and more forage available to bison; thus 3) 
allowing higher bison densities and additional bison effects 
on the ecosystem from herbivory, trampling and wallowing. 
Herein we limit our discussion to trophic interactions 
involving bison, but we note herbivores such as bighorn 
sheep (Ovis canadensis), lagomorphs, beaver (Castor 
canadensis), mule deer (Odocoileus hemionus), moose 
(Alces alces) and others could also be affected due to 
decreasing elk populations or changing predator/prey dyna-
mics. For example, lower elk numbers in northern Yellow-
stone since wolf reintroduction may have resulted in less 
competition for forage between elk and bighorn sheep, 
allowing the sheep population to increase (White et al. 
2008). Although, the potential impact of predators on prey 
competition has been recognized since the 1960’s (Paine 
1966), we found little documentation of a secondary trophic 
cascade where, following the reestablishment of a top 
predator, a second herbivore is released from competition 
pressure and increases after a decline of the primary prey. 
There are many potential routes for interactions between 
species, and this secondary trophic cascade may represent an 
example of a little-known alternative top-down pathway by 
which large carnivores can influence ecosystems (Holt and 
Lawton 1994).  

 To investigate the secondary trophic cascade hypothesis, 
we conducted a regression analysis of the northern range elk 
population (independent variable) with the bison population 
(dependent variable) for a period before wolf reintroduction 
(1970-1995) and another after wolf reintroduction (1998-
2010). The pre-wolf regression showed a direct relationship 
between elk and bison populations with a positive correlation 
(as elk increase, bison increase, r = 0.77). Consistent with the 
trophic cascade hypothesis, results for the period following 
wolf reintroduction showed a strong inverse relationship (r = 
-0.84) between elk numbers and bison numbers (as elk 
decrease, bison increase – Fig. 2). Using multiple regression 
to test for a difference in slopes, this change in the 
relationship between elk and bison numbers before wolves 
versus after wolves was highly significant (p < 0.001). 
 Much of the relatively large increase in bison on the 
northern range since the late 1990’s may be due to 
immigration from Yellowstone’s central herd (Taper et al. 
2000, Gates et al. 2005, Plumb et al. 2009). Apparently, 
there were smaller pulses of emigration from the central herd 
to the northern herd between 1982 and the late 1990’s in 
response to limited resources for the central herd (Fuller et 
al. 2007). The emigration idea is supported by recent 
observations of marked individuals from the Park’s central 
herd showing up on the northern range (Wallen 2009). In 
2009, park officials enumerated fewer bison in the central 
herd than the northern herd for the first time since the park 
started repeat aerial surveys in 1970. Could bison be 
increasingly migrating to the northern range, since wolf 
reintroduction, to capitalize on increasing forage availability 
due to a decreasing elk population and changes in elk 
movements and foraging patterns? As others predicted, we 
believe that this may now be the case, and that there are 

 
Fig. (1). Northern range elk and bison population trends. The open boxes and squares represent ungulate surveys that were likely inaccurate 
due to poor count conditions.  
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associated ecological, conservation, and management 
implications.  
 Bison movement to the northern range in recent years 
may have been influenced by use of groomed roads in 
winter. Bison from the central range, which has deep snow, 
have learned to follow a groomed road through high snow 
country to a winter range with low snow (northern range). 
The origin of learning this route was likely the harsh winter 
of 1997 when large numbers first moved north from the 
central range on the road from Madison Junction to 
Mammoth (Taper et al. 2000, Meagher et al. 2002). Both 
weather-driven opportunism and destination-oriented migra-
tion could now be involved. Furthermore, since central herd 
animals are familiar with the northern range destination, they 
may adopt early (pre-snow season) calculated migratory 
behavior, even if the road is not groomed. The deeper snow 
packs of the central range make bison more vulnerable to 
wolf predation, and these bison experience more wolf 
predation pressure than those on the northern range (Garrott 
et al. 2009). This difference in wolf predation risk may also 
be contributing to bison emigration from the central range.  
 A portion of the increase of the northern bison herd may 
have been independent of immigration. If there was a release 
of forage from reduced herbivory by elk, then bison rate of 
increase could have risen owing to greater per capita forage 
availability. However, we have no way of knowing how 
much of the increase in abundance of bison on the northern 
range is attributable to birth/death rate changes for animals 
in situ versus immigration from the central range population.  
 The recent increase of bison on the northern range may 
have implications for woody plants and riparian conditions. 
Conventional wisdom suggests that bison are predominately 
grazers and generally do little browsing on willows and other 
woody plants (Knapp et al. 1999, Shaw and Meagher 2000). 
However, on some ranges where woody browse is abundant, 
high consumption of browse by bison has been reported 
(Miquelle 1985, Larter and Gates 1991). Waggoner and 
Hinkes (1986) examined the food habits of a small Alaskan 

bison herd and found the diet to consist of 94% willow in 
summer, and 68% willow and other shrubs in fall. In 
summer, woody browse may be the most available source of 
crude protein, an important nutritional factor for grazing 
ungulates (Larter and Gates 1991).  
 Meagher (1973) examined rumen samples from 22 
Yellowstone bison and found that sedges were the main 
source of forage, followed by grasses, the two together 
accounting for more than 90% of bison diet. Singer and 
Norland (1994) found less than 1% of cottonwood, aspen 
and willow in the diet of any ungulate species on the 
northern range, probably because these woody plant species 
were rare in the study area. In contrast to the findings of 
these diet studies, we have frequently observed bison 
browsing willows in the Lamar Valley in both summer (Fig. 
3a) and winter (Fig. 3b). Furthermore, bison may be sup-
pressing willow growth in some areas, thus continuing the 
effects from elk that occurred prior to the reintroduction of 
wolves. For example, Ripple and Beschta (2006) found the 
number of bison flops to be inversely and significantly 
correlated with willow height in the Lamar Valley. At a site 
near the confluence of Soda Butte Creek and the Lamar 
River, we found 87% of the Bebb willow (Salix bebbiana) 
clumps were browsed in the summer of 2009 at heights 
below 1 m, within the reach of bison (Fig. 3c) (author’s 
unpublished data). On some stems, this browsing removed 
both the entire current year’s growth and part of the previous 
year’s stem growth. We attributed this herbivory to bison 
because they were the only ungulates present in large 
numbers in the Lamar Valley during the summer season, 
their scat was highly abundant in the area, and we observed 
them browsing these willows. We have also noticed high 
levels of summer browsing in the Lamar Valley on 
cottonwood seedlings, aspen sprouts, rose (Rosa sp.), 
twinberry (Lonicera invoucrata), shrubby cinquefoil 
(Potentilla fruticosa) and other woody plants. Finally, we 
observed recent impacts to streambank structure due to bison 
trampling (Fig. 3d). 
 

 
Fig. (2). Scatter diagram showing how the relationship between bison and elk numbers for the northern range changed after the 
reintroduction of wolves. 



34    The Open Ecology Journal, 2010, Volume 3 Ripple et al. 

 White and Garrott (2005) concluded: "If elk abundance 
on the northern range of Yellowstone continues to decrease 
during the near future, …then the change to the system will 
almost certainly lead to the amelioration of any ungulate-
caused landscape simplification such as the decreased 
riparian habitat, beaver wetlands, and aspen recruitment." 
We concur with this statement for sites on the northern range 
avoided by bison, but this is unlikely to be the case for areas 
on the northern range with heavy bison use, because it 
appears that bison are browsing woody plants and may be 
assuming the role of dominant herbivore (Beschta and 
Ripple 2010). While the return of wolves appears to have 
reduced browsing effects of elk, the trophic cascades 
involving bison have not been fully considered, and these 
large herbivores now appear to be having significant effects 
on plant communities, especially on floodplains and riparian 
areas.  

ALTERNATIVE HYPOTHESES 

 The correlation between decreasing elk and increasing 
bison populations on the northern range could be an 
indication of the release of bison from competition with elk, 

but other explanations are possible. After culling of elk and 
bison inside the park was suspended in 1967, and before the 
return of wolves, both elk and bison populations generally 
increased until the mid 1980’s (Taper et al. 2000, Gates et al. 
2005, Garrott et al. 2009). Could bison have simply con-
tinued to increase, unrelated to the decrease in elk on the 
northern range? This is unlikely because bison numbers did 
not increase substantially on the northern range during the 
decade before wolf reintroduction (Fig. 1). Some have 
speculated that this lack of increase was likely due to “the 
dominant effect of forage competition by a large elk 
population” (p. vii, Gates et al. 2005). 
 Since the cessation of culling within the Park in 1967, the 
primary factor limiting bison populations has been culling 
outside the Park boundaries, when bison attempt to migrate 
to lower-elevation winter ranges (Peacock 1997, Gates et al. 
2005, Fuller et al. 2007). A reduction in bison culling could 
allow bison to increase, but the number of bison culled has 
been as high or higher for the period after wolf reintroduc-
tion (1998-2009) compared to before wolf reintroduction 
(1984-1995) (Plumb et al. 2009). In both 2005 and 2007 
there were large reductions in the Park herd, and the number 
of bison culled in 2007 was larger than in any previous year.  

 
Fig. (3). Photographs showing both (a) summer bison browsing, (b) winter bison browsing, (c) hedged Bebb willows, likely from bison 
browsing, and (d) eroding streambank in the Lamar Valley. Sources: W.J. Ripple—(Fig. 3a, 3c, 3d), Yellowstone National Park—(Fig. 3b). 
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 Milder winters could contribute to a bison increase, by 
reducing winter losses and allowing bison to remain in the 
park. However, we analyzed the accumulated daily snow-
water equivalent [SWEacc, see Garrott et al. (2003) for 
methods] data from two NRCS SNOTEL sites nearest the 
northern range (Northeast Entrance Site 10d07 and Canyon 
Site 10e03s), and found no significant difference (t-test, p = 
0.92) between mean SWEacc for the 12 years before wolf 
reintroduction (1984-95, mean 32.3 m) versus after wolf 
reintroduction (1998-2009, mean 31.5 m). SWEacc was 
unusually high in 1996 and 1997, averaging 64.0 m, and 
bison numbers dropped by more than half on the northern 
range as bison migrated out of the park and were culled, or 
starved in the deep, crusted snows (Peacock 1997, Shaw and 
Meagher 2000). Bison numbers subsequently rebounded 
(Fig. 1).  

ECOLOGICAL IMPLICATIONS 

 The presence of central range animals wintering on the 
northern range represents intra-specific competition with 
potential effects on the ecosystem. Since some central range 
bison have remained on the northern range in summer (i.e., 
they have shifted their summer range from the central part of 
the Park), the effects of bison herbivory on the northern 
range may be increased. Typically, bison cows show high 
fidelity to summer ranges, but range shifts can occur as a 
density-driven phenomenon (Gates and Larter 1990, 
Meagher et al. 2002, Fuller et al. 2007).  
 The increase of bison on the northern range may have 
significant ecological implications, because some of the 
effects of bison are different from those of the elk they are 
replacing. One important difference is that bison herds are 
now present in larger numbers in both summer and winter in 
the Lamar Valley area, whereas elk utilize the northern range 
primarily in winter (National Research Council 2002, Gates 
et al. 2005). Bison browsing of willow, aspen, cottonwood 
and other woody species in summer has the potential to 
remove the current year’s growth as it occurs, giving the 
plants little opportunity to recover. In contrast, elk on the 
northern range remove portions of stems after they have 
become dormant for the winter, which allows plants to 
replace at least part of the lost biomass the following 
summer. Bison presence in riparian areas in the summer may 
also result in more trampling and erosion of stream banks 
than has typically resulted from winter use by elk because: 1) 
bison are much larger, heavier animals than elk, 2) a large 
portion of the bison diet is sedges, so bison are frequently 
found in wetlands and riparian areas, and 3) summertime 
riparian use by bison may be high due to increased water 
intake requirements during warm weather. In upland areas, 
intensive grazing by bison herds may result in a decline in 
favored forage species, an increase in non-native species, 
and an increase in soil erosion (Taper et al. 2000). Bison also 
create wallows, causing soil disturbance, compaction and 
increased landscape heterogeneity (Knapp et al. 1999, Butler 
2006), and bison horning and rubbing on shrubs and trees 
can affect the growth and persistence of woody plants 
(Coppedge and Shaw 1997, Olenicki and Irby 2003).  
 The effects of browsing for bison and elk on plants can 
differ in other ways. For example, the height at which plant 

stems grow above browse level is approximately 2 m for elk 
and 1 m for bison (author’s unpublished data). Therefore, 
plant stems may grow above the browse level of bison 
sooner than the browse level of elk. While elk consume 
aspen bark in winter and this behavior has not been reported 
for bison, bison rubbing can significantly damage the bark of 
established trees. 
 Wolf predation may affect bison differently than elk, 
both through effects on population size as well as behavior 
and habitat selection. Bison attacked by wolves will 
frequently form a defensive group, rather than fleeing as elk 
do (Carbyn and Trottier 1988, Carbyn et al. 1993, Smith  
et al. 2006, Becker et al. 2009, Garrott et al. 2009), and 
individual adult bison are more likely to successfully resist 
attack (MacNulty et al. 2007). Also, wolf predation on elk in 
the Yellowstone area has been mainly additive, reducing the 
elk population, whereas, so far, predation on bison has 
probably been mostly compensatory, having little impact on 
bison numbers (White and Garrott 2005, Garrott et al. 2009, 
White et al. 2010). These differences in response to preda-
tion may cause differences in potential trophic cascades, 
both density-driven and behavioral (Laundre et al. 2010). 
 In Wood Buffalo National Park (WBNP), Alberta, 
Canada, where bison are the primary prey of wolves, wolf 
predation has reduced bison numbers, although cattle 
diseases may also be a contributing factor (Carbyn et al. 
1993, Joly and Messier 2004, Bradley and Wilmshurst 
2005). Thus, the eventual effect of increased bison numbers 
in northern Yellowstone may be to relieve wolves from 
density-dependence on elk and to maintain pressure on elk 
when they are available, as seems to already be the case in 
central Yellowstone (White and Garrott 2005, Smith et al. 
2006, Garrott et al. 2009). If wolves become successful with 
this prey-switching tactic between elk and bison, they could 
eventually bring northern range elk numbers to very low 
levels (apparent competition) as has been seen with moose in 
the wolf/bison/moose system of Mackenzie Bison Sanctuary 
in the Northwest Territories, Canada (Larter et al. 1994). 
Apparent competition has been documented in numerous 
systems and occurs when two prey species share a common 
predator and an increase in an alternative prey species allows 
predators to increase, leading to a decrease in the focal prey 
species (Holt and Lawton 1994). Higher bison numbers may 
also result in an increase in the number of vulnerable bison, 
increasing the subsidy to wolves and the pressure on elk. 
However, to date wolves in Yellowstone’s northern range 
have continued to show a strong preference for elk. Another 
possibility is that northern Yellowstone elk will become less 
vulnerable to wolf predation over time, thereby allowing elk 
numbers to stabilize or increase. 
 Bison, as the largest North American species to survive 
the megafaunal extinctions of the late Pleistocene, were prey 
for very large and fierce carnivores such as dire wolves 
(Canis dirus), sabertooth cats (Smilodon fatalis), and 
American lions (Panthera leo atrox) (Ripple and Van 
Valkenburgh 2010). After the extinction of these large 
carnivores, human hunters and gray wolves were the main 
predation forces on bison. Predation pressure on bison today 
is much less than it was in early times with a lack of these 
natural enemies from the Pleistocene as well as the more 
recent aboriginal hunters during the Holocene. Another 
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difference is that historically bison were a nomadic species, a 
trait that may have allowed escape from predation limita-
tions, with very different ecosystem effects than for non-
migrating populations. Some human hunters may have 
followed bison migrations, further increasing the complexity 
of predator-prey interactions. It is unknown how often and 
under what circumstances gray wolves alone might be able 
to limit contemporary bison populations.  
 Bison can have important ecological effects, and have 
been called a foundation species or highly interactive species 
capable of producing significant changes in an ecosystem 
(Knapp et al. 1999, Soulé et al. 2003). The effects of bison 
occur at both large and small spatial scales, and include 
increased vegetation heterogeneity, nutrient redistribution, 
changes in plant species composition, creation and main-
tenance of grasslands, increased productivity in grasslands, 
competition with other herbivores, modification of fire 
regimes, modification of hydrological processes, and distur-
bance of woody vegetation (Hartnett et al. 1996, Coppedge 
and Shaw 1997, Knapp et al. 1999, Butler 2006, Sanderson 
et al. 2008, Gates et al. 2010). These influences may change 
wildlife habitat in ways that support some species and limit 
others, producing cascading effects on biodiversity and 
species composition. However, the potential benefits of 
bison to ecosystems may not be realized in situations with 
high bison densities, year-round use, low predation pressure, 
and constraints on bison movements, because chronic high 
densities of bison can affect native flora and fauna in ways 
similar to domestic livestock, thus contributing to impair-
ment of resources (Knapp et al. 1999). 
 Bison may be replacing elk as the dominant herbivore in 
portions of Yellowstone National Park and there is the like-
lihood of a secondary trophic cascade occurring. Conse-
quently, understanding bison effects on ecosystems is of 
increasing importance. Historically, bison were a critical and 
foundational influence on the ecology of their native habitat, 
but this relationship was likely mediated by higher levels of 
predation, and large-scale movements, factors that are 
diminished today. Recent bison research and management 
has focused on issues related to population dynamics, 
brucellosis (Brucella abortus) disease, and patterns of 
movement in and out of the Park, with little attention to the 
ecological effects of bison. We recommend that future bison 
research and management, both in Yellowstone and other 
bison ranges throughout North America, consider the import-
ant effects of bison on ecosystems, including relationships 
between bison and woody plant communities, riparian areas, 
beaver habitat, soil stability, stream channel morphology, 
and biological diversity.  
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