Top-down Versus Bottom-up Effects

An important question in ecology is how food web interac-
tions vary through time and space. Population ecologists and
conservation biologists study population dynamics of organ-
isms by calculating the magnitude and direction of species-
specific population growth rates. This measure of population
fluctuation is derived from demographic factors such as birth,
death, emigration, and immigration, which are regulated by
factors such as climate, stochastic events (i.e., rare but ex-
treme weather patterns such as severe flooding), predators,
parasites and social structure. Merging the influences of each
regulatory factor and the complex interactions among them
helps population ecologists form hypotheses regarding “top-
down” versus “bottom-up” population regulatory processes.
Top-down (consumer) regulatory processes are said to oc-
cur when, for example, predators keep prey populations at
levels below the population size that would be observed in
the absence of predators. If on the other hand, factors such as
food and/or habitat availability are the main drivers explaining
population fluctuations, a population is said to be regulated by
bottom-up (resource) regulatory processes. Populations can
also be regulated by both processes, either through a seasonal
shift from one process to the other, or when both processes act
in concert.

Whether top-down or bottom-up processes are the major
factor influencing the regulation of populations is uncertain.
The answer may depend on the ecosystem (e.g., marine versus
terrestrial), but it is generally assumed that bottom-up regula-
tory processes are most important in explaining vertebrate
population fluctuations. However, top-down regulatory pro-
cesses may override bottom-up regulatory processes in cases
where ecosystems are exposed to atypical disturbance such
as human-induced habitat alterations. These anthropogenic

Human-induced changes to the
landscape can favor the presence
of predatory species such as the
red fox, Vulpes vulpes (below).
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Habitat dominated by native
plants provides essential factors
for survival, such as food and
shelter.
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The synergistic effects of short-cycle and high-
L' intensity fires along with the resultant invasion of the
exotic cheat grass, Bromus tectorum, will alter habitat
to be unsuitable for the Greater Sage-grouse.

factors may influence (i) top-down regulatory processes by
altering habitat or food sources to a degree that will allow
predator populations to increase, (ii) bottom-up processes by
increasing habitat loss and exploitation to a threshold above
which the habitat becomes unsuitable for given species, or
(iii) both top-down or bottom-up processes may be altered.
Understanding how anthropogenic factors influence the top-
down/bottom-up regulatory processes will help ecologists
predict how humans are affecting landscapes and environmen-
tal changes.
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Native forb species
such as largeflower
hawksbeard, Crepis
occidentalis (above),
and sagebrush,
Artemisia sp. (left), are
some food items in
the diet of the Greater
Sage-grouse.




