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Abstract
We summarized the status of wolves (Canis lupus), elk (Cervis elaphus), and woody browse conditions during the 20th

century for the upper Gallatin elk winter range in southwestern Montana, USA. During this period, wolves were present until

about the mid-1920s, absent for seven decades, and then returned to the basin in 1996. A chronosequence of photographs,

historical reports, and studies indicated willows (Salix spp.) along streams became heavily browsed and eventually suppressed

following the removal of wolves, apparently due to unimpeded browsing by elk. However, after wolf establishment in 1996,

browsing intensity on willows lessened in some areas and we hypothesized that, at both a landscape and fine scale, browsing

pressure reflects terrain configurations influencing predation risk (nonlethal effects), in conjunction with lower elk densities

(lethal effects). We measured browsing intensity and heights of Booth willow (S. boothii) along 3000 m reaches of the Gallatin

River and a tributary to examine the potential influence of wolf/elk interactions upon willow growth. Where the Gallatin Valley

is relatively narrow (high predation risk), willows began releasing in 1999 and by 2002 were relatively tall (150–250 cm). In

contrast, willow heights along a wider portion of the Gallatin Valley, along the open landscape of the tributary, and an upland site

(all low predation risk) generally remained low (<80 cm). We identified terrain and other features that may contribute to the

perceived risk of wolf predation, by elk for a given site. Although alternative mechanisms are discussed, changes in willow

communities over time following wolf removal and their subsequent reintroduction were consistent with a top-down trophic

cascade model involving nonlethal and possibly lethal effects. If similar top-down effects upon vegetation hold true in other

regions of North America and other parts of the world where wolves have been extirpated, wolf recovery may represent a

management option for helping to restore riparian plant communities and conserve biodiversity.
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1. Introduction

When a top trophic level predator interacts with the

next lower level herbivore and this interaction sig-

nificantly alters or influences vegetation, a ‘‘trophic
.


