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A quarter of a century ago, Freeland andJanzen (1"97a) attempted to put many
years of observations of the toxicity of plant secondary metabolites (PSM)
into an evolutionary framework to predict what impact these compounds
would have on diet selection and nutritional ecology of mammals. Although
many ecologists had discussed the evolutionary impact of PSM on insect her-
bivores (e.9., Fraenkel, 1959), there had been little consideration of the differ-
ent effects of PSM on mammalian herbivores and no general predictions of
how animals should forage when PSM occurred in potential diet items. There
was, however, a rich collection of pharmacological and toxicological data,
and observations of animal poisoning mediated by PSM. Accordingly, Freeland
andJanzen's (J.974) paper was highly influential and their framework for un-
derstanding how PSM should affect mammalian foraging remains the domi-
nant paradigm today.

Since then, the importance of plant secondary metabolites in the nutri-
tional ecology of mammals has been widely recognized (e.9., Palo and Robbins,
L99I), but our understanding of the impact of PSM on diet selection and
foraging behavior of both domestic and wild mammalian and avian herbi-
vores remains rudimentary. Certainly there are few alternative hypotheses to
predict the effects of PSM on foraging and nutritional status of herbivores,
and most studies can do little but report interactions between a single species
of plant and a single species of herbivore.

The low nutrient concentrations in most plants means that in compari-
son to other organisms, herbivores must either harvest and process large vol-
umes of food (Robbins, 1983; Cork and Foley, L99t) or they must feed
selectively to increase diet quality; this imposes long foraging times and high
energy demands (Parker et a1., 1,996). The outcome of the foraging process is
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crucial for the herbivore's reproductive success (Iason et al., 1986), population
dynamics, (Caughley and Sinclair, L994), and the vegetation community and
ecosystem dynamics (Pastor and Naiman,1,992; Huntly, 1.99L; Jefferies et a1.,
L994). Clearly, if PSM have a role in foraging decisions of vertebrate herbi-
vores, they are also of significance to this broad scale of ecological processes.

Timeframe of Responses by Herbivores to PSM

Biological constraints can differ depending on the timeframe, so it is impor-
tant to be explicit about the timeframe in which a problem is being exam-
ined. Because we believe that this has been a failing in some studies of
herbivore-PsM interactions in the past, we include some specific comments
on these issues here.

Evolutionary and ecological timeframes offer two contexts (e.g., Belovsky
and Schmltz.1.991). The different capacities of herbivore species to deal with
PSM, hence their different net responses to PSM, are a result of the constraints
and selective pressures on an evolutionary timeframe. The ecological context
is more complicated. Constraints acting during one timeframe can be con-
founded by constraints on another timeframe. Short-term mechanical pro-
cesses of herbivores, such as cropping and chewing time, for example, may be
confounded by processes operating over a longer timeframe, such as gut fill
and digestion (Gross et al., 1,993). Similarly, short-term foraging decisions in
relation to PSM, such as what to eat immediately given the plants in view,
depend on longer-term influences such as social learning, physiological con-
ditioning, and earlier intake resulting in a particular nutritional and physi-
ological status (Provenza, 1995a, 1,996; Provenza et al., 1992).

How "novel" PSM are also depends on the timeframe. Seasonal changes
in available plant species and/or plant chemistry can result in physiological
responses, such as the induction of enzymes (Cheeke and Palo, 1995) to rela-
tively "novel" PSM on this timeframe. On a longer timeframe (over a number
of years), however, these PSM may not be novel. There is the potential, then,
for conflicting behavioral responses depending on which timeframe is used as
the context for the decision. In the short-term context, PSM in the above
example should be consumed in small amounts because they are novel
(Freeland andJanzen, 1974), but in the long term they are familiar and so
could be consumed to a greater extent, provided they can be detoxified to
some extent.

The above example also can be turned on its head. An adult herbivore
feeding in its home range on a particular day is unlikely to come across many
novel plant species, so it may choose widely among a range of "known" plants.
But it may eat low leve1s of some plants because it has a low capacity to me-
tabolize and eliminate the PSM in them, despite previous and possibly con-
tinual exposure to them. This would contrast with the same animal in a new
area: it may limit itself to a couple of known foods, and sample novel plants
in very small quantities. In this latter case, the narrow range of plants eaten,
and the low intake of some, reflect the animal's behavioral/physiological "wis-

dom" to avoid eating large quantities of unknown plants. Perhaps the way
around such apparently conflicting responses is to assume that foraging


