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Global Drylands

40% total land area (6B ha) 
Rangelands 70%
2 billions humans
50% global livestock
Diverse ecosystem services

Millennium Ecosystem Assessment 2005
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Rangeland and Pastoral Vulnerability

Rangelands characterized by:
Ø Climate variability
Ø Scarce resources
Ø Marginalized populations
Ø Local knowledge 
Ø Cultural heterogeneity

Stafford-Smith 2008

Climate Change

Socio-political Drivers
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Sufficient Ecological Model?
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Ellis & Swift REM1988

Westoby et al. REM1989
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Initial Rangeland Model

Ø A.W. Sampson 1919. Plant 
succession in relation to range 
management. USDA Bul. 791

Ø E.J. Dyksterhuis 1949. Condition 
and management of range land 
based on quantitative ecology. JRM 
2:104
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Non-equilibrium Persistent Model

Ellis & Swift 1988
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‘New’ Rangeland Ecology

Non-equilbrium models contributed to alternative 
management and policy recommendations that rejected:
Ø Density-dependent regulation of plant production by 

livestock
Ø Concepts of carrying capacity and stocking rate
Ø Ability of grazing animals to adversely impact 

rangeland resources. 

Behnke, Scoones & Kerven 1993 
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Motivation for Rangeland Debate

Identify and correct deficiencies in range science.

Emergence of non-equilibrial
ecology 1970-80’s

Failure of pastoral development 
programs in Africa 1960-70’s

Rangeland marginalization narrative 
established in colonial era.
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History of Rangeland Science

Nathan F. Sayre
Political Ecologist
Geography Department
Berkeley

University Chicago Press 
2017
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Non-equilibrium Models Challenged

Illius & O’Connor 1999 Fernandez-Gimenez & Allen-Diaz 1999
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Reinterpretation NEP Model

Model overlooked heterogeneity of forage resource use.  
Ø Herbivores are coupled to a subset of ‘key’ resources  

accessible in dormant season i.e., biotic feedback. 
Ø Herbivores uncoupled from abundant growing season 

forage resources. 
Ø NEP emphasized unique herbivore feedbacks with E and 

NE forage resources within landscapes.
Ø Key resource areas determine long-term herbivore 

persistence on the landscape.

Illius & O’Connor 1999
Hempson et al. 2015
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Resilience Theory

Capacity of ecosystems to absorb disturbances and 
reorganize while undergoing change so as to retain 
similar function, structure, identity and feedbacks.

Engineering resilience
Reversible change

Ecological resilience
Nonlinear change

Non-directional change
Disequilibrium

Walker et al. 2004
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Equilibrium Reaffirmed 

Resilience presents an equilibrial interpretation of 
ecosystem behavior. 
Ø Non-equilibrium replaced by multi-equilibrial in 

ecological resilience. 
Ø Species fluctuate within a single basin of attraction  

in response to environmental stochasticity. 
Ø Slow variables and feedbacks maintain dynamic 

biotic community in a single basin of attraction. 

Petraitis 2013
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Application to Rangelands

Briske et al. REM 2006 Briske et al. REM 2008
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Evolution of Rangeland Models 

1st Model – Equilibrium 
Ø (1920-90)
2nd Model – Nonequilibrium
Ø (1990- 2007)
3rd Model – Resilience 
Ø (2008 - present)

C.S. Holling

F.E. Clements
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Ø Functional heterogeneity affects herbivore persistence
ü Key resource areas within landscape

Ø Biotic feedbacks are dependent upon scale
ü Availability of E and NE forage categories

Ø Semi-arid rangelands more resilient than assumed
ü Large compositional changes occur within stable states

Ø Management has important implications even in 
highly stochastic environments.
ü Biotic and abiotic drivers coexist in these systems.

Lessons Learned
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Sufficient Ecological Model?
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Anthropocene has accelerated since debate began.
Socio-political drivers rival those of ecology.
Ø Population growth
Ø Globalization
Ø Land use change
Ø Climate change
Ø Governance

Is a 4th Model Required?
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Rangeland Systems Framework 

Global rangelands function as complex, adaptive 
social-ecological systems.
Ø Meaningful integration of these subsystems required.
Ø Recognize full complement of ecosystem services.
Ø Value rangeland similar to forest and cropland

ü How might this framework be best achieved?
ü What may provide a sufficient catalyst for action?
ü How may academia most effectively contribute?


