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REVIEWS

‘Since then I have lived to see
state after state extirpate its
wolves. I have watched the

face of many a new wolfless moun-
tain, and seen the south-facing slopes
wrinkle with a maze of new deer
trails. I have seen every edible bush
and seedling browsed, first to ane-
mic desuetude, and then to death. I
have seen every edible tree defoli-
ated to the height of a saddle horn.’
Aldo Leopold 1949 (Ref. 1)

This wolf–deer–plant interac-
tion described 50 years ago would
today be called a trophic cascade.
Cascades are defined as reciprocal
predator–prey effects that alter
the abundance, biomass or pro-
ductivity of a population commu-
nity or trophic level across more
than one link in a food web (Box 1).
Trophic cascades often originate
from top predators, such as
wolves, but are not necessarily
restricted to starting only in the
upper reaches of the food web.

Despite Leopold’s observations
of trophic interactions in terres-
trial systems, the predatory effects arising from cascading
trophic interactions have been described most often in
lakes, streams and intertidal zones. The preponderance of
aquatic cases led Strong2 to assert that trophic cascades
were ‘all wet’ – prominent only in certain simple ecosys-
tems in which dominant herbivores exert ‘runaway con-
sumption’. In more diverse ecosystems with highly speci-
ated trophic groups and extensive spatial heterogeneity,
trophic cascades were hypothesized to be less evident
because they are blocked by complex interactions2,3.

However, new findings illustrate that trophic cascades
are not categorized so simply. Here, we review recent evi-
dence that suggests that trophic cascades are not restricted
by ecosystem type or trophic complexity. We consider how
experimental studies are altering the static view of cas-
cades revealing variable and context-dependent aspects.
We also appraise the wider implications of recent cascade
research for resource management and conservation.

Widespread trophic cascades
Cascades are turning up in interesting places, ranging

from the insides of insects4 to the open ocean5. There are
continuing observations of trophic cascades in streams,
lakes and the marine intertidal zone, but new examples are
emerging from studies of terrestrial and marine ecosystems
including fields, soils, forests and the open ocean (Table 1).
Thus, contrary to previous assertions2,3, cascades do not
appear to be restricted by ecosystem type, diversity, habitat

complexity, types of top preda-
tors or the trophic mode of con-
sumers. It is possible that trophic
cascades are less likely under
conditions of high diversity or
extensive omnivory in food webs,
but data are insufficient to test
these possibilities rigorously. 
Furthermore, the appearance of
trophic cascades in high diversity
marine and terrestrial systems
including tropical forests (Table 1)
implies that more will be found as
the search expands to new envi-
ronments. However, the general
importance of trophic cascades in
terrestrial systems remains un-
certain6. Experiments in aquatic
systems suggest that trophic cas-
cades hinge on strong interactions
promoted by particular species
and are best revealed by power-
ful, large-scale manipulations7.
Terrestrial ecologists might well
want to consider this experience
in evaluating the significance of
land-bound cascades.

Trophic cascades have power-
ful impacts on ecosystems. For example, the presence of
brown trout (Salmo trutta) in a New Zealand stream results
in a sixfold difference in annual primary production com-
pared with an adjacent stream with very similar nutrient
concentrations but with a different top predator, the common
river galaxias (Galaxias vulgaris), and no trout (Table 1).
The basis for this trophic cascade is well documented.
Trout predation lowers the density of grazing inver-
tebrates leading to a higher biomass of attached algae8. In
the presence of trout, herbivorous mayflies (e.g. Delatid-
ium spp.) spend more time secluded under rocks and less
time foraging on upper, exposed surfaces9. Thus, grazing
declines and algal biomass accumulates, even in the
absence of changes in mayfly abundance9. At the ecosystem
level, these interactions amount to huge differences in 
primary and invertebrate secondary production, simply
on the basis of different top predators10.

There is evidence from recent removal experiments of
lizards (primarily Anolis spp.) that trophic cascades occur in
highly speciated tropical food webs11,12. Although greater
leaf damage by insects is observed in the absence of
lizards, it is uncertain whether these interactions strongly
affect primary production or total plant biomass. A full
trophic cascade, however, has been observed and docu-
mented experimentally in highly diverse lowland tropical
forests in Costa Rica (Table 1) – a place where trophic cas-
cades were presumed not to occur. Letourneau and Dyer13

found densities of Piper plants (Piper spp.), herbivores,
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New studies are documenting trophic
cascades in theoretically unlikely systems

such as tropical forests and the open
ocean. Together with increasing evidence

of cascades, there is a deepening
understanding of the conditions that

promote and inhibit the transmission of
predatory effects. These conditions
include the relative productivity of

ecosystems, presence of refuges and the
potential for compensation. However,
trophic cascades are also altered by

humans. Analyses of the extirpation of
large animals reveal loss of cascades, and

the potential of conservation to restore
not only predator populations but also the
ecosystem-level effects that ramify from

their presence.
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