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Ø Paradigm - model of how nature works; a new paradigm 
brings a new interpretation.

Ø Thomas Kuhn – periods of normal science interrupted by 
scientific revolutions

Ø Dominant paradigms
ü Equilibrium paradigm
ü Non-equilibrium paradigm
ü Resilience paradigm
ü Future paradigm?

Paradigm Shifts

1962
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Global Drylands

40% total land area (6B ha) 
Rangelands 70%
2 billions humans
50% global livestock
10-20% drylands degraded

Millennium Ecosystem Assessment 2005
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Diverse Services Provisioned

Provisioning

Supporting

Regulating

Cultural
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American Progressive Era
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1st Paradigm Introduced - Equilibrium
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History of Rangeland Science

Nathan F. Sayre
Political Ecologist
Geography Department
Berkeley

University Chicago Press 
2017
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Foundational Papers

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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5 decades of conceptual stability ended.
Paradigm shift completed in 10 years.
Drivers forcing paradigm shift
Ø Recognition of non-linear vegetation dynamics

ü Woody plant encroachment
Ø Resilience theory developed 1973

ü Alternative interpretation of ecological stability
Ø Political pressure on federal agencies

ü Rangeland Health Report NRC 1994

1st Paradigm Shift
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Clements Unjustly Criticized

Ø Jardine and Chapline ‘misconstrue’ Sampon’s
application of Clements successional theory.

Ø Range deterioration checked by slight adjustments 
to grazing management without destocking.

Ø Interests of grazers and mission of Forest Service 
supersede ecological knowledge.

Ø Grazing fees are to derive income equivalent to 
timber sales – Earl Clapp, USFS.

Sayre 2017, p. 81
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2nd Paradigm Introduced  
NonEquilibrium

Ø Rangelands characterized by extreme climatic and 
spatial variability, and event-driven nonlinearities.

Ø Models required to accommodate environmental 
stochasticity and nonlinear system behavior.
ü Non-equilibrium persistent model (NEP)
ü State-and-Transition model (STM)
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Ellis & Swift REM1988

Westoby et al. REM1989
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Non-equilibrium Persistent Model

Ellis & Swift 1988
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State 2

State 3

State 1

Community pathway

Threshold

Community phases 
within stable states

State-and-transition Model Framework

Threshold

Stringham et al. 2003
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‘New’ Rangeland Ecology

PNE and STM 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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2nd Paradigm Decline

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 emphasizee unique herbivore feedbacks with E and 

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

persistence i.e., long-term carrying capacity.
Illius & O’Connor 2000
Hempson et al. 2015



ESSM

Herbivore - Dry Season Forage Equilibrium

Hempson et al. Ecology 2015

2007

2008

2009
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Reinterpretation STM Model

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. 

Greater equilibrial emphasis than initially implied. 

Petraitis 2013
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Transient Vegetation Dynamics

Misinterpretation of transient 
vegetation dynamics justified 
the nonequilibrium paradigm.
Ø Community composition 

varies greatly to inter-
annual rainfall variation.

Ø Composition recovers, 
although multiple years 
may be required.
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3rd Paradigm Emerges- Resilience 

Ø Equilibrial and non-equilibrial dynamics coexist
Ø Non-equilibrium replaced by multi-equilibrial
Ø Rangeland ecology debate a prologue to adoption of 

resilience theory. 

Actual paradigm shift?
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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.

Walker et al. 2004 E&S

Engineering resilience
Reversible change

Ecological resilience
Nonlinear change

Non-directional change
Disequilibrium
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Resilience Paradigm Promoted

Briske et al. REM 2006 Briske et al. REM 2008
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Evolution of Rangeland ‘Paradigms’ 

1st Paradigm – Equilibrium (1920-90)
2nd Paradigm – Nonequilibrium (1990- 2007)
3rd Paradigm – Resilience (2008 - present)
Ø What has been learned?
Ø Modifications to ecology and management?
Ø What pressing rangeland challenges have been 

resolved?
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Ø Functional heterogeneity affects herbivore persistence
ü Key resource areas within landscape

Ø Biotic feedback 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 in  stable states

Ø Resilience adopted as management framework
ü State-and-transition models applied in many countries

Lessons Learned
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Ø Management challenges remain unresolved:
ü Intensive rotational grazing debate
ü Woody plant encroachment
ü Invasive plant management
ü Wild horse and burros dilemma

Ø Has resilience been effectively implemented?
ü Contribution of STMs?

Ø Positive management approaches
ü Great Sage Grouse initiative
ü Burning associations in Great Plains

Management Challenges
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Ø Effectiveness of USDA funded rangeland 
conservation programs undocumented.
ü Conclusion of Rangeland CEAP USDA 2011

Ø Conversion of N.A.s largest remaining grassland.
ü Perverse incentive of Renewable Fuel Standard

Ø Land conversion and privatization in global drylands.
ü Will pastoralism exist beyond 21st century?
ü Is sedentary pastoralism sustainable?

Policy Challenges
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Is a 4th Paradigm Required?

Can resilience effectively address these issues?
Ø Marginalization narrative
Ø Private land externalities
Ø Neoclassical economic assumptions 
Ø Antiquated environmental laws and institutions
Ø Integrate management-scientific knowledge 
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Rangeland Systems Framework

Global rangelands function as complex, adaptive 
social-ecological systems.
Ø Capacity to integrate social and ecological 

components.
Ø Recognize and assess trade-offs among market and 

non-market ecosystem services.
ü How might this be best achieved?
ü What may provide a sufficient catalyst for action?
ü How may academia most effectively contribute?


