
Community Diversity and Stability

1. Biogeography: Observed patterns of community diversity 

2. What processes promote community diversity?

• Productivity

• Disturbance (IDH)

• Balance (PDB)

3. Definitions of stability (resistance vs. resilience,  structure vs. 

function)

4. Does diversity increase stability?

CH 16, 19.6 – 19.9, Slides
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Latitudinal gradients in 

species richness

Explanations for this 

pattern have guided 

hypotheses about the 

drivers of biodiversity



Hypothesis 1: Productivity drives diversity

Productivity = rate of biomass 

production (g/m2/yr)

Each point is 

a community

High productivity 

allows specialization: 

narrow niches

High productivity

Reduces competition:

high niche overlap

Currie, D. J. (1991). Energy and large-scale 

patterns of animal-and plant-species richness. 

The American Naturalist, 137(1), 27-49.



Dodson et al. 2000. Ecology.
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Mittelbach, G. et al. (2001). What is the observed relationship between species 

richness and productivity?. Ecology, 82(9), 2381-2396.



Hypothesis 2: Disturbance drives diversity 

Connell, J. H. (1978). Diversity in tropical rain forests 

and coral reefs. Science, 199(4335), 1302-1310.

Intermediate Disturbance Hypothesis



Hypothesis 2: Disturbance drives diversity 

Only good colonizers,

r-selected species

Only good competitors,

K-selected species

Connell, J. H. (1978). Diversity in tropical rain forests 

and coral reefs. Science, 199(4335), 1302-1310.

Intermediate Disturbance Hypothesis



Sousa, W. P. (1979). Disturbance in marine intertidal boulder fields: the 

nonequilibrium maintenance of species diversity. Ecology, 60(6), 1225-1239.



Hypothesis 3: Productivity Disturbance Balance



Results of an experiment on the effects of 

disturbance and productivity on microbial 

diversity. The contour map shows diversity of 

colony forms of Pseudomonas fluorescens

that developed with five frequencies of 

disturbance (every 1, 2, 4, 8, or 16 days) and 

eight levels of productivity. High‐diversity 

regions are shown in lighter shades and 

low‐diversity regions in darker shades.

Huston, M. A. (2014). Disturbance, productivity, and 

species diversity: empiricism vs. logic in ecological 

theory. Ecology, 95, 2382-2396.
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Community Diversity and Stability

1. Diversity and stability of community STRUCTURE

2. Diversity and stability of community FUNCTION



Stability = Resistance + Resilience

High resistance, 

Low resilience

Low resistance, 

Low resilience

High resistance, 

High resilience

Resistance measures the magnitude of disruption required to cause change 

Stability of Community Structure

Resiliance measures the tendency to return to original state if change does occur



Functional redundancy 

Complex, species-rich web Simple, species-poor web

Conventional View: High species richness INCREASES 

stability

MacArthur, R. (1955). Fluctuations of animal populations and a measure of community stability. 

Ecology, 36, 533-536.



X X

X X

X X

X X

Challenging View: High species richness could 

DECREASE stability

May, R. M. (2019). Stability and complexity in model ecosystems. Princeton University Press.

C = Connectance (links/species2)

(links per possible link)

1  2  3  4

1
  2

  3
  4

= Mean interaction strengthβ

S = Species richness

Models with randomly assembled food 

webs, systematically varying:



Challenging View: High species richness could 

DECREASE stability

May, R. M. (2019). Stability and complexity in model ecosystems. Princeton University Press.

𝜷 𝑺𝑪 < 𝟏 Stable

𝜷 𝑺𝑪 > 𝟏 Unstable



MCNAUGHTON, S. Stability and diversity of ecological communities. Nature 274, 251–253 

Species richness
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Resolution with empirical data: High species richness 

INCREASES stability



Frank and McNaughton. 1991. Stability Increases with Diversity in Plant Communities: Empirical Evidence 

from the 1988 Yellowstone Drought.  Oikos 62, 360 - 362.

Resolution with empirical data: High species richness 

INCREASES stability



High species richness increases stability of ecosystem

FUNCTION

McGrady-Steed, J., Harris, P. M., & Morin, P. J. (1997). Biodiversity regulates ecosystem predictability. 

Nature, 390, 162-165.



Replicated microcosms – able to separate 

effects of species richness and the set of 

species present




