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Abrams (1987) notes several differences between his approach to
resource competition and that of Tilman (1982). The theory presented by
Abrams (1987) is more complex than that in Tilman (1982) because
Abrams explicitly linked optimal foraging and resource competition (at
least for a simple model), whereas I used optimal foraging to derive the
qualitative form of consumption vectors and resource-dependent growth
isoclines and then used these isoclines and consumption vectors to predict
the outcome of competition. Despite these differences, the two approaches
make qualitatively "similar predictions. 1 used a simplified, graphical
approach to resource competition because I wished to explore the broad
implications of resource type and resource competition for the diversity,
species composition, and successional dynamics of plant and animal com-
munities. I have not been able to find any ways in which the more explicit
theory developed by Abrams (1987) qualitatively changes any of the
relationships between resource competition and community structure that
were proposed in Tilman (1982). However, Abrams’ paper raises several
points that merit further discussion.

The most important point mentioned by Abrams is the occurrence of
curved isoclines. Abrams and I seem to have independently discovered that
it is unlikely for nutritionally perfectly essential resources to lead to
resource-dependent growth isoclines with right-angle corners. The shape of
a resource-dependent growth isocline is determined not just by the
nutritional qualities of resources but also depends on the spatial and tem-
poral pattern of resource availiability in a habitat and its relation to the
ways.in which individuals obtain these resources (Tilman, 1982, pp- 20-21).
Optimal foraging for nutritionally essential resources will lead to a
resource-dependent growth isocline with a curved corner, not a right-angle
corner, in all cases in which decreased effort foraging for one resource can
lead to increased consumption of the other resource (Tilman, in
preparation). I failed to realize this in Tilman (1982). I call nutritionally
essential resources that lead to such curved isoclines “interactive-essential”

442

0040-5805/87 §3.00

Copynght © 1987 by Academuc Press, Inc
Al nghts of repreduction 1z any form reserved.

0o0]



COMPETITION FOR ESSENTIAL RESOURCES 443

resources (Tilman, 1980) because the curvature indicates an interaction
between the ability of a species to acquire and or use one nutrionally essen-
tial resource and the other. The cause of this curvature is easily explained.
Imagine an individual whose reproductive rate is limited equally by two
nutritionally essential resources, R, and R,, such as at point i in Fig. 1. It
would have an isocline with a right-angle corner only if the addition of just
R, or of just R, could lead to no increase in its growth rate (Fig. 1 Tilman,
1980). However, if it is limited equally by both resources, following the
addition of R, it would be limited by R,. If it could expend less of its effort
obtaining R, and thus increase its consumption rate of R,, it would
acquire more of the resource that limited it and increase its growth rate.
This necessarily means that it has a curved isocline (Fig. 1). The curvature
can also be easily derived from consumption constraint curves and
nutrition isoclines (Fig. 8 in Tilman, 1982).

Multicellular plants have an extremely plastic morphology (Harper,
1977). This morphological plasticity is directly related to the ability of an
individual plant to acquire various limiting essential resources (Tilman,
1986, and in preparation). Plants require both light. an above-ground
resource, and various nutrients, which are below-ground resources. To
obtain more light, a plant: must allocate more of its growth to stems and
Jeaves, whereas to obtain more of a nutrient, it must allocate more of its
growth to roots. The physical separation of nutritionally essential resources
means that structures produced to obtain one of these cannot be used to

Fi. 1. The broken line labelled A shows the resource-dependent growth isocline of
individuals with no phenotypic plasticity in their functional response to two nutrianally
essential resources. R, and R,. At pomnt 1 morph A is equaily limited by R, and R.. The
addition of just R, (1.e.. gowng from peint 1 1o point 2) or of just R, (pownt 1 to point 3) does
not increase its growth rate In contrast. individuals of morph B are plastic, giving the cunved
isocline shown. Morph B can prow faster at points 2 or 3 than morph A because B can
increase its consumption of the limiting resource by decreasing its effort in acquiring the non-
limiung resource. The placement of these isoclines assumes, though. that there is no cost for
plasticity. If plasticity had a cost. the isacline of morph A would cross that of morph B, and
morph A would be the superior competitor through a range of intermediate resource
availabibties. whereas morph B would dominate extreme habinats.
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