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Transition from One Stable State to Another

Physical Sciences
John Dalton (1801): change from liquid to vapor

Human Demography
Gompertz (1825): age-specific mortality rates
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Coral Bleaching and Ocean Temperatures

Sea Urchin
Barren

Bellwood et al.
2004



Diverse Terminology in the Ecological Literature
Ecological thresholds

Ecological discontinuities

Critical thresholds

Environmental thresholds

Changepoints, breakpoints

Tipping points



“...at this state of knowledge, the ecological
science Is more able to predict the
magnitude of change than the threshold
values.” Muradian 2001

Although thresholds may be useful from an
explanatory perspective, “in most instances
they are likely to be of limited value in a
predictive sense” Lindenmayer et al. 2005

“Anyone claiming to know for sure when a
particular tipping point will be reached should be
treated with suspicion” Nature, 2006



Potential for Misapplication of Threshold Concept

Are ecological thresholds a potentially
“dangerous minimalist approach”?
(Lindenmayer & Luck 2005)

Used to set benchmarks for management
purposes

*Clearing of native vegetation to 30%
e|mpervious surface
*Nutrient criteria



Theoretical Foundation for Ecological Thresholds
*Resistance and Resilience Stability

Diversity-Ecosystem Function Relationships
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Stressor Resistance ( = persistence)

Threshold

e

Ecological Response

Stressor Gradient



Stressor Resilience ( = elasticity)

Reference conditions
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Species Diversity, Ecosystem Function &
Ecological Thresholds

Linear model

Ecosystem Function

Rivet model

Species Richness



Applications
*Responses of aquatic ecosystems to pollution
Ex) establishment of critical nutrient loads
*Critical habitat requirements for wildlife
Ex) decline in bird species richness

below 20-30% habitat cover

*Ecosystem responses to climate change
Tipping Point (Malcolm Gladwell)
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N Loading and Seagrass Loss

Valiela & Cole 2002
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Abundance

Habitat Loss for Birds and Mammals

Ecological
Threshold

pd

Avalilable Habitat



Critical Thresholds for Spotted Salamanders
Homan et al 2004
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Detecting Ecological Thresholds is Challenging

Influenced by the stressor-response relationship

Case 1 Case 2 Case 3

Ecological Response

Stressor Gradient



Changepoint Detection using Plecewise Regression
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Example: Ecological Thresholds and Recovery
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Southern Rocky Mountain Ecoregion, 1994-1995

‘N =95 sites
“Gradient of metals =N 4
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Long-term Data from the Arkansas River, CO
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Important Research Questions

1. Can we generalize among ecosystems and
stressors?
*empirical work shows diversity of outcomes
- some show thresholds, others don't
*response may be stressor-dependent

Tolerance Phase
Tolerance Phase

Subsidizing
stressor (N, P)
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2. What are the most appropriate response
variables?

*different thresholds for different response
variables
—> variation among trophic levels

*species-specific thresholds do not imply
similar thresholds for aggregate measures
- e.g., species richness, diversity



3. Statistical methods
*explain variation among studies
°influence of other variables
*multiple thresholds

Reference conditions
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3. Statistical methods (continued)
*pbreakpoints versus threshold zones
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