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On the Ground

• The profession of rangeland ecology and manage-
ment has been built, to a large extent, on vegetation
ecology.

• Community ecology has been the source of
advances in scientific understanding of rangeland
behavior and improving management.

• An increased use of the principles of landscape and
regional ecology could greatly improve the utility of
rangeland science for researchers and managers.
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he profession of rangeland ecology and manage-
ment has been built, to a large extent, on
vegetation ecology. Because the practice of
rangeland management started as a response to
rampant and destructive overgrazing, much of the

early focus in rangeland science was to determine domestic
livestock carrying capacity to minimize the negative impacts of
heavy grazing on plant community composition and produc-
tivity. Early research and development efforts identified
consistent relationships between plant productivity and
stocking rate and performance, generally with an emphasis
on annual monitoring and decision-making.1

Much like ecology in general, early rangeland management
was fixated on the plant community. Pioneer ecologist
Frederic Clements expended considerable intellectual effort
establishing the plant community as a distinct and identifiable
entity in his hierarchical classification system and, conse-
quently, an important indicator of species interactions and a
predictor of landscape scale behavior.2 The plant community

focus gave the nascent profession of rangeland management
two very important things: 1) a way to organize field research,
and 2) a way to communicate with the emerging institutional
(primarily state and federal governments) framework. Exper-
imental units organized around plant community concepts,
generally on the order of 1,000 m2, were sufficiently large
enough to allow for the investigation of diverse plant species
(and their interactions), allow for multiple experimental
grazing animals, and yet small enough to keep land costs
under control. Perhaps just as importantly, federal and state
agencies with rangeland management responsibilities, follow-
ing the much more politically powerful forest management
profession and their emphasis on timber production, began to
adopt the plant community as the finest scale of management
decision-making, implementation, and monitoring. The plant
community scale gave researchers a manageable experimental
size and managers a relevant way to decompose larger
management units to a measureable size. It was truly a
Goldilocks moment.

Although there were obvious drawbacks to using the plant
community scale, the emergence of accessible and translatable
concepts and tools to communicate site-scale behaviors in
vegetation management helped allay those concerns. Most
troubling was the idea that much of the within-community
complexity could be homogenized, and scaling community
attributes to landscape scales was a linear process.3 Nowhere
was this mistaken assumption more apparent than when we
tried to extend the understanding of the effects of grazing
across individual, population, community, and landscape
scales. At the plant community scale, where most experiments
and monitoring took place, dominant interpretations focused
on grazing as the primary driver of change (increaser,
decreaser, and invader relationships), and reduction of grazing
pressure was the only way to improve rangelands by improving
species composition and reducing bare ground. While these
relationships held up over some communities and were useful
in guiding management decisions, many other communities
did not follow that model. The effects of important drivers
such as animal selectivity, shrub:grass competition and
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invasive species were often ignored. Beyond the community
scale, the spatial distribution of disturbances and their effects
on within community dynamics was frequently overlooked in
designing experiments and interpreting monitoring results.
Over the past 30 years, we have realized that grazing is not the
‘cause-all’ or the ‘cure-all’.

These insights and have prompted rangeland scientists and
managers to reexamine the utility of our science for the future.
In the workshop on Future Directions for Usable Science for
Rangeland Sustainability (see Maczko et al, this issue), the
vegetation-working group was a diverse group of professionals
that included employees of government agencies and
non-government organizations, ranchers, and academics.
We started by talking about the limitations of the existing
approach, identifying some possible alternatives and finally,
made some suggestions about how barriers to adopting new
approaches might be overcome. While discussions were
broad, several general questions consistently emerged:

° What determines landscape functions, especially resilience?
° How can we motivate diverse groups to plan and
manage for a more complex mix of ecosystem services at
a landscape scale?

° How can we predict and measure the effects of
different kinds of disturbance on landscapes to improve
decision-making?

Ultimately, the group settled on one primary theme,
expanding vegetation science from a community to a
landscape scale, to make our contributions to rangeland
science and management more usable.

Traditional Approach
Science on rangelands has followed the same trajectory as

most agricultural and ecological sciences. Initially, knowledge
grew out of large-scale observations and low-intensity field
studies that served to identify some important hypotheses.
From there, our discipline was primarily dominated by the
process of turning those big questions into growth chamber,
greenhouse, common garden, and small plot experiments to
test those hypotheses (Table 1). Many of these experiments
were elegant and insightful, resulting in the identification of
basic principles that transcended locations and seasons. Some,
however, were little more than trial-and-error, confounding
cause and effect and leading to confusion in both the science
and the management.

Experimental units were usually small and homogeneous,
designed to limit variation to a single treatment effect rather
than include potentially interacting and confounding factors
such as variable soil patterns and seasonal variability.
Although this approach gives us multiple comparisons of a
treatment (e.g., grazing, burning) to a control, they sometimes
failed to offer insight or nuance into the processes being
investigated. Attempts to integrate process investigation and
management decision-making into the same experiment
frequently missed the mark for both. While this approach
has been instrumental in agronomic applications for compar-

ing yields and for determining the effect of a single or a
limiting number of interacting factors (usually tillage, nutrient
application, or herbicides), it is often lacking in relation to
complex management system decisions. If the objective is to
identify a superior crop variety, a superior tillage method, or a
superior herbicide for weed control, it works well. But it
is poorly suited for combining all these decisions into a
usable format, even in croplands. In rangelands, where
management systems seldom come with a label and responses
require continual adaptation, the approach has not been
particularly helpful.4

Application of vegetation science to monitoring followed a
pathway similar to the experimental challenges. Monitoring
subtle change in highly variable processes with a direct link to
management action, while a highly desirable goal, has led to
the adoption of expedient but frequently misleading meth-
odologies. The dominant approach to vegetation monitoring
on rangelands was grounded in Clementsian ecology, and
given a quantitative basis by Dyksterhuis2 and others. The
ideal (climax) plant community composition was determined
for each soil group (site); each management unit to be
evaluated was measured (via species composition) and the
difference was referred to as ‘condition’. Individual manage-
ment units were classified into poor (0–25% similar to climax),
fair (26–50%), good (51–75%), and excellent (N75%)
categories. Livestock grazing impacts (quantified as stocking
rate) was implicitly acknowledged as the dominant driver of
ecological process (heavier grazing = lower condition and
lower productivity); furthermore, stocking rate adjustments
necessary to improve condition could be quantified by
relatively simple math that transcended the individual site
and ecosystem (it could be applied anywhere). Naturally, the
simplicity of this system attracted both criticism and advocacy,
sometimes from the same source.5

Grazing management research has rendered many of the
assumptions built into the range condition approach irrelevant
and a much broader view of ecosystem services has fueled a
debate over whether such a grazing-centric approach is even
appropriate. Increasing desire for meeting multiple objectives,
that include wildlife, water quality and quantity, and wildfire
management, requires embracing complexity at larger spatial
scales. Nevertheless, classifying land condition by percent
similarity to an undisturbed or lightly disturbed ‘reference’
community remains a cornerstone in evaluating management,
implementing improvements, designing monitoring systems,
and assessing impacts.

An Alternative Approach
The challenge to modern rangeland vegetation science is to

maintain the scientific rigor possible with an experimental
approach and to expand to a broader perspective of both
ecosystem services and spatiotemporal scales.6 Modern society
has many demands on rangelands that are difficult to evaluate
by a limited approach of treatment averages. These problems
require evaluating rangeland ecological processes simulta-
neously at multiple spatial scales (especially large scales),
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