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Competition in Spatial
Habitats

Clarence L. Lehman and David Tilman

Early models describing local competition among species
were interpreted as showing that two or more competing
species could not coexist on a single resource (Lotka 1925;
Volterra 1928). This was called the competitive exclusion prin-
ciple, which was later generalized to the statement that n
species could not coexist on fewer than n resources or limiting
factors (e.g., MacArthur and Levins 1964; Levins 1968). When a
single resource was explicitly included in such a model, the
species formed a competitive hierarchy, with poorer com-
petitors displaced as the resource was depleted by superior
competitors (Tilman 1982).

The competitive exclusion principle immediately raised a
paradox of diversity, however (Hutchinson 1961). A given habi-
tat, such as a prairie or a lake, contains hundreds of species,
but the number of limiting resources—nutrients, light, space,
and so forth—is relatively small, likely fewer than a dozen.
Resolving the paradox became a central issue in theoretical
ecology. Early erroneous theoretical predictions about diversity
arose from limited assumptions in classical competition models
—including the assumption that the environment is homoge-
neous and perfectly well mixed. The early equations of compe-
tition had no explicit spatial coordinates (x, y, z) describing
locations of individual organisms. Hutchinson conjectured that,
among other things, relaxing this assumption would help re-
solve the paradox of diversity. The question addressed in this
chapter is: How do predictions from ecological models of
competition change when spatial structure is included?
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Implicitly Spaiial Formulations

As outlined in Chapter 1, space is implicitly included in
metapopulation-like models (Levins 1969), with a dynamical
variable p(¢) representing the portion of habitat sites occupied
by an individual of the species at time ¢. A species is character-
ized by its mortality rate m and its colonization rate ¢:

d,
Eé — (1 — p) — mp. 6.1)

This basic formulation can be expanded into an abstract model
for interspecific competion among individual plants (Tilman
1994):

d. ; i i—1
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Here p, ¢, and m have the same meaning as in Equation 8.1,
except now they are indexed by species number i. In Equation
8.2, species are ranked by their competitive ability, as in a
model of competition for. a single resource, with species 1
being the best competitor. For historical reasons, it is conve-
nient to call Equation 8.2 a metapopulation model, but it is
important to keep in mind that in Equation 8.2 and through-
out this chapter, we model individual organisms occupying
individual sites, not groups of populations.

Colonization and mortality are explicit (through parameters
¢; and m; respectively), but the competitive hierarchy itself is
implicit. The hierarchy results because the sums in Equation
8.2 include terms for superior competitors (those of lower
index i) but exclude terms for inferior competitors (higher
index 7). In nonspatial models, only the best competitor,
species 1, survives. Does the addition of implicit space change
this exclusive survival of the best competitor and thus poten-
tally resolve Hutchinson’s paradox?

186

COMPETITION IN SPATIAL HABITATS

Tilman (1994) showed that under Equation 8.2, any number
of species can stably coexist in an implicitly spatial homoge-
neous environment, even though the best competitor immedi-
ately displaces all others locally. Such coexistence requires
both an interspecific trade-off in competitive ability versus
dispersal ability and a limit to similarity of these traits. Al-
though multispecies coexistence might seem paradoxical un-
der such strict local displacement, it occurs because neither the
best competitor nor any group of competitors can occupy all
sites. Rather, at equilibrium, some proportion of sites will be
empty, and there will be constant turnover in occupancy of all
sites. Empty sites can be available “homes” for poor competi-
tors if they are sufficiently good dispersers. In other words,
coexistence occurs because local displacement by the best
competitor is never permanent. No individual lives forever,
and when an individual dies, its local site is free for coloniza-
tion. If better competitors do not occupy all the available space
—and according to Equation 8.2, they never can (Tilman
1994)—then there is always room for sufficiently mobile fugi-
tives (e.g., Horn and MacArthur 1972; Armstrong 1976; Craw-
ley 1990; Tilman 1994).

" Thus arises a fundamental trade-off among competing
species—the ability to hold a site (being a good competitor)
versus the ability to get to a site (being a good colonizer), and
this trade-off has been explored in several forms (MacArthur
and Wilson 1967; Levin and Paine 1974; Werner and Platt
1976; Platt and Weis 1977; Tilman 1982, 1990, 1994). The
trade-off can be as simple as energy allocated to roots traded
for energy allocated to seeds. More €nergy 1o roots can mean
better nutrient acquisition, and that makes a better competitor
at a nutrientlimited site. More €nergy to seeds can mean more
seeds, or more mobile seeds, or longer-lived seeds, and that
makes a better colonizer. Trade-offs like this are both logically
compelling and empirically observed (Tilman 1990).

Hence the mere existence of spatial structure, acting through
individual mortality and colonization, alters conclusions about
the ultimate outcome of competition—local. exclusion but
regional coexistence—even when spatial structure is only
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