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Introduction

At the beginning of the 20th century, the Nebraska plant
ecologist F.E. Clements presented a theory of plant community
dynamics that had a large impact on grassland ecology and range
science (Clements 1916). His relatively deterministic view of
succession and climax community types has been widely de-
bated in the last quarter century and rejected by many. My goal
in this paper is not to pound more nails in the coffin of my
Nebraskan forefather. Even if we consider Clement’s theory as
rejected, the basic problem with his approach persists in much
of plant community ecology today. Plant ecologists, particularly
those trained in North America, have consistently confused pat-
tern with mechanism.

Consider the example of succession. For most of this cen-
tury, if one had asked why we see repeatable change in plant
community composition following disturbance, the answer would
generally be ‘it’s caused by succession’. If, on the other hand,
one asked for a definition of succession, it would be ‘the se-
quence of changes on a disturbed site’ (Ricklefs 1979) or a simi-
lar phrase. This is a circular argument. Succession is the pat-
tern; it is not the mechanism or process responsible for the pat-
tern. To be fair, my example misrepresents the treatment given
succession by many ecologists, including Clements (e.g. Clements
& Weaver 1938), who have studied recruitment, demography,
soil fertility and other processes driving succession. However, |
argue that succession is still widely thought of as a process, rather
than simply a pattern.

Consider the example of the niche, which became popular
conceptually in the 1960s. Why do two species coexist? Be-
cause they have different niches. How do we know these two
species have separate niches? Because they coexist. Fortunately,
it only took plant ecologists 20 years, rather than 50 in the case
of succession, to realize that the niche was an empty explana-
tion, a circular argument empty of mechanism and process (Pe-
ters 1991).

That brings us to today. Succession and climax models of
range dynamics have been tentatively replaced by models with
alternative stable states, thresholds, and transitions (Ellis &
Swift 1988; Westoby er al. 1989; Laycock 1991; Humphreys
1997). These models present a fresh look at patterns we see
over space and time in grasslands. But do we risk the same
danger with these models that we had with Clements’ succes-
sion model? Are we discussing pattern, but failing to grapple
with underlying mechanisms? A rancher asks an ecologist why his
region has seen degradation to shrubland and a loss of usable forage
and why, in spite of various management approaches, he is
unable to restore the native grassland community. The ecolo-
gist answers that it is because his system has passed a thresh-
old and entered an alternative stable state. The ecologist has
provided a fancier description of the pattern, but has he really
told the rancher anything he didn’t already know?

The goal of this session is to address the mechanisms and
processes that underlie the patterns we see in rangeland plant
community dynamics. In some situations these mechanisms con-
fer stability in grasslands, while in others they cause instability.
A mechanistic approach to plant community dynamics needs three
components (Tilman 1987):

» plant demography (patterns of recruitment and mortality within
various species’ populations);

« plant resource use (a given species’s performance and ability to
compete under specific conditions of light, water, and nutrient
availability);

« resource availability (the availability of water, nutrients, and
light in a particular place and time).

In this approach, herbivory and disturbance act by affecting

one or more of these three factors. Grazing, for example, simul-

taneously affects all three.

In this paper I will discuss plant resource use and soil resource
availability. In particular, I will emphasize plant nitrogen (N) use
and soil N dynamics and argue that a strong fecdback links these
two processes in many, if not all, grasslands.

Plant litter quality and soil nitrogen availability

In 1982, Huntley and Walker wrote that ‘N has been shown
in all savannas to be of great significance ... but despite many
thousands of N measurements ... an understanding of the N
cycle in savanna still eludes us’. I would suggest that this state-
ment applies not just to tropical savannas (Huntley & Walker
1982), but to the various native temperate and tropical grasslands
that we consider rangeland. Nitrogen limitation is so widespread
that we often ignore some very basic but difficult questions
(Vitousek & Howarth 1991). Why is N limitation common when
grasslands are literally bathed in N, gas, a readily accessible
source of N for both free-living and plant-associated N-fixing
bacteria found in almost all grasslands? Why N limitation, when
other soil nutrients, such as phosphorus, are generally immobi-
lized by geochemical processes in ancient weathered soils and
also potentially limit grassland productivity (Schlesinger 1991)?
Why do semi-arid and desert grasslands commonly show a re-
sponse to N fertilization when productivity in these systems is
obviously moisture limited (Lauenroth er al. 1978; Lajtha &
Schlesinger 1986)?

The key when considering N is that plant tissue chemistry
and its decomposition play a role in regulating the N cycle quite
unlike their role in other nutrient cycles. The availabilities of the
base cations (Ca, Mg, K, Na), phosphorus, iron, and most
other elements are strongly dependent on chemical interactions
with inorganic soil minerals, but N participates weakly in such
geochemical interactions (Vitousek & Howarth 1991). In con-
trast, N availability is almost completely regulated by biotic
processes. The breaking of the C-N covalent bond is relatively
expensive to decomposers in terms of energy and enzymes.
During decomposition, considerable N gets locked into
polyphenolic ring structures as lignin and other complex mol-
ecules are slowly converted into the large recalcitrant com-
pounds that make up soil humus. The long chain organic acids
that make up humus are also readily bound to clay minerals,
increasing their inaccessibility. Soil organic matter is generally
an ecosystem’s largest pool of N, but that nitrogen is bound in
complex organic compounds and the cost of getting it is very
high for microbial decomposers (Schlesinger 1991).

Thus, one cannot consider soil N availability as a ‘soil’ prop-
erty and ignore the characteristics of present and past vegeta-
tion. Plant tissue chemistry, particularly C:N ratios and lignin
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