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through direct reduction in deer numbers or indirectly 
through changing deer behavior. We found that in areas 
of high wolf use, deer were 62 % less dense, visit dura-
tion was reduced by 82 %, and percentage of time spent 
foraging was reduced by 43 %; in addition, the proportion 
of saplings browsed was nearly sevenfold less. Average 
maple (Acer spp.) sapling height and forb species rich-
ness increased 137 and 117 % in areas of high versus low 
wolf use, respectively. The results of the exclosure experi-
ments revealed that the negative impacts of deer on sap-
ling growth and forb species richness became negligible 
in high wolf use areas. We conclude that wolves are likely 
generating trophic cascades which benefit maples and rare 
forbs through trait-mediated effects on deer herbivory, not 
through direct predation kills.
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Introduction

Trophic cascades occur when the regulation of a consumer 
by a predator, either through killing the consumer or chang-
ing its behavior, benefits the resources of that consumer 
(Hairston et al. 1960; Paine 1980). Traditionally defined 
by the green world hypothesis, this terminology normally 
refers to the indirect effects of carnivores on plants through 
regulation of herbivores (Hairston et al. 1960; Estes et al. 
2011). Trophic cascades have been detected in a diverse 
array of ecological systems and are especially well docu-
mented in aquatic ecosystems and systems involving 
insects (Shurin et al. 2002; Borer et al. 2005; Estes et al. 
2011). However, manipulative experimental evaluation of 
top–down impacts generated by large mammals is sparse, 

Abstract Herbivores can be major drivers of environ-
mental change, altering plant community structure and 
changing biodiversity through the amount and species 
of plants consumed. If natural predators can reduce her-
bivore numbers and/or alter herbivore foraging behavior, 
then predators may reduce herbivory on sensitive plants, 
and a trophic cascade will emerge. We have investigated 
whether gray wolves (Canis lupus) generate such trophic 
cascades by reducing white-tailed deer (Odocoileus vir-
ginianus) herbivory on saplings and rare forbs in a north-
ern mesic forest (Land O’ Lakes, WI). Our investigation 
used an experimental system of deer exclosures in areas of 
high and low wolf use that allowed us to examine the role 
that wolf predation may play in reducing deer herbivory 
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