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Just a few years ago, a young colleague was told that his thesis project on 
damage-induced plant responses would be inappropriate in a department of neu- 
robiology and behavior, "since plants have neither." Since then, some journals 
have instituted review series on signal transduction by responding plants, a role 
for gene expression in induction has been identified, agriculture has begun taking 
induced immunization seriously, and the literature on such plant behavior has 
grown rapidly. And here we have an entire book reviewing the status of this 
research theme; it contains enough thesis projects for scores of young colleagues. 

Tallamy and Raupp have collected an interesting sample of the work being 
done on changes in plants that are apparently induced by herbivory. This sample 
allows several generalizations, reveals some experimental problems, and clearly 
identifies a series of critical unanswered questions. 

First, the generalizations. Although negative findings are probably not pub- 
lished, the number of plant species exhibiting changes in quality to herbivores 
(via bioassay) or chemical changes (independent of bioassay) continues to 
increase. These nearly ubiquitous responses require whole, intact plants, and so 
investigators must not use excised leaves or other plant parts in bioassays, even 
if their studies do not focus on induced changes. The quality of plant food for 
herbivores depends upon the plant's ability to respond systemically. 

Induced plant responses are highly variable within species. Almost any 
factor that could possibly influence plant metabolism, e.g., light, nutrient avail- 
ability, and water, can increase, decrease, or eliminate the plant's ability to 
respond to damage. Hence, several authors report changes in the responses of 
a plant under varying soil, seasonal, or other conditions. These papers confirm 
a long-held suspicion that younger plants and plant tissues tend to be more 
responsive than are older tissues, explaining why our ability to elicit induced 
responses often changes seasonally. 

Our ability to detect impacts of damage-induced changes on herbivores 
depends on the herbivore as well as the plant. Several authors struggle with the 
observation that induced responses have variable, even positive, effects on her- 
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bivores. Yet these same authors have no trouble understanding how adapted, 
but not unadapted, herbivores can feed successfully in the presence of consti- 
tutive chemical defenses. Since many of the induced changes catalogued here 
merely comprise amplification of constitutive defenses, one would expect all 
possible herbivore responses. Some authors (e.g., Hartley and Lawton) even 
question the potential significance of induced changes, evidently failing to appre- 
ciate the role of adaptation in coevolution. 

Mechanisms by which induced changes influence herbivores remain elu- 
sive. Not just a few, but the majority of the chapters in this book conclude that 
the chemical mechanisms thus far studied fail to account for damage-induced 
impacts on herbivores. Reviews and new research in such well-studied systems 
as induced cucurbitacins in cucumber and proteinase inhibitors in Solanaceae 
indicate that the mechanisms (and even insect responses) originally proposed 
are woefully off the mark. Indeed, I was shocked to see how few mechanisms 
have even modest support. 

Microbes may be key in eliciting plant responses to damage. Chapters by 
Raffa and Hartley and Lawton provide strong evidence that plant responses to 
herbivory may actually be cued by attendant microbes, and none of the other 
studies described or reviewed here can role this out. There is plenty of prelim- 
inary evidence here that the identity of the attacker influences the nature of the 
plant response. 

These few generalizations, and careful reviews by the authors, clearly point 
to experimental shortcomings in the study of induction. Chapters by Faeth and 
Karban bemoan the fact that most investigations have used such disparate meth- 
ods that their results cannot be compared, even when the study systems are the 
same. I have already mentioned the use of adapted and unadapted herbivore 
species, which can produce opposite conclusions about the physiological and 
ecological impact of plant changes. Only two series of studies (Haukioja's group 
on birches and the University of Alaska's group on several woody plant species) 
have been carried out long enough to describe the entire course of an induction 
response. Both Faeth and Karban suggest useful approaches to resolving these 
and other problems. 

Indeed, few investigations have combined studies of plant changes that 
impact on the performance of an herbivore and carried this through to ecological 
consequences for the plant or herbivore. Investigators seem to focus on the 
mechanistic biochemical or ecological pattern, but rarely combine them. Of 
course, this is a tall order, but induced changes are a widespread phenomenon 
with significant ecological (and economic) potential. 

Studies are not being constructed to distinguish between herbivore-cued 
and microbe-cued responses. This is a serious shortcoming. The use of sterile 
methods and/or the incorporation of microbial contaminants into experimental 
designs needs to be done on a wide scale. 
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Perhaps because " a  jack-of-all-trades is master o f  none," the chemistry 
methods used in induction studies are often inappropriate. Damage-induced 
changes in phenolics comprise more than half of all the studies cited in this 
volume. I would judge the analytical methods used to be so flawed in most of  
these cases as to seriously impair the interpretation of results. With the exception 
of Clausen et al. 's chapter elucidating short-term responses in Salicaceae, none 
of the studies has examined enzymatic modification (rather than synthesis) of 
plant metabolites as a primary induction mechanism. Integrating behavior, ecol- 
ogy, and chemistry remains a problem in chemical ecology. 

These difficulties and the evident successes reported in this volume leave 
us with some very important, tantalizing questions that need to be addressed. 

First, am induced responses, especially long-term responses, merely an 
expression of altered growth and physiological (e.g., photosynthetic) activity, 
or are they specific, potentially adaptive responses to attack? An answer here 
demands studies of the plant-herbivore interaction at a level of detail similar to 
that common in plant-pathogen studies. It seems to me that there is no putative 
ecological phenomenon in which it is more important to have a good under- 
standing of mechanism than this one. In most of these systems we still do not 
know what produces the impacts on herbivores. 

Second, are plants responding to herbivores, damage, or to introduced 
microbial products? This question also needs an approach commonly seen in 
plant pathology. This book provides many patterns that resemble responses to 
pathogens, and good evidence that the identity of the damaging agent influences 
the plant's response. Yet it contains very few studies involving vertebrates or 
piercing-sucking insects; the vast majority of examples involve folivory. 

Third, are plant responses truly systemic, or merely local (but widespread)? 
I was very disappointed to find almost no discussion of elicitors or systemic 
signaling in this book, even though these are among the most rapidly advancing 
fronts in this area. It is clear from this book that investigators are rarely struc- 
turing studies to identify the cues, scale, and intemal signaling necessary to 
define plant changes as responses. 

Fourth, we need to know whether induced changes have a heritable basis. 
Raffa, alone, makes a case for the heritability of terpene induction in conifers. 
Clearly, if we want to know whether damage-induced changes can be influenced 
by selection, we need to know their heritable basis, if any. 

Fifth, what, if any, is the ecological significance of induced changes? 
Several authors report induced changes that are less than normal constitutive 
variation; can these be important? Karban uses some carefully selected refer- 
ences and his own work to suggest that the answer is yes at the herbivore 
population level. To what degree might this result be influenced by the growing 
conditions, age, etc., of the plant, and how do these compare with conditions 
in nature? By what mechanisms might induced changes influence herbivores? I 
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was frustrated to find only a few paragraphs (by Faeth) about the impact of 
induced variation on predators, parasites, or pathogens of herbivores, although 
these are well documented. It is premature to discount the ecological or evo- 
lutionary impact of induced responses before we appreciate the importance of 
plant and animal variation and the mechanisms involved at all three trophic 
levels. 

Overall, the book is well produced, although there are some minor irrita- 
tions. The page locations of terms in the Index are frequently inaccurate, and 
there are some mislabeled figures. Less than 2% of the references are more 
recent than 1988, and this is a fast-moving area. It is clear that the majority of 
authors did not see other chapters from the same book. Several authors cite 
published conclusions that are contradicted directly by their book-mate experts 
in their own chapters. 

It is clear that plants respond to herbivory in interesting and potentially 
important ways. This is a fascinating phenomenon that deserves further (and 
more careful) study and could have wide-ranging implications for forest and 
crop management. This book provides a good introduction to and review of 
much of the work in this area in a series of interesting, well-written chapters 
by top experts. It is a gold mine of research ideas and directions and can only 
stimulate more activity in this area. I find it one of the most exciting books on 
my shelf. 
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