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What do we mean by 
diversity?













Types of diversity:

• Taxic (no. of species)
• Phylogenetic
• Morphologic disparity
• Architectural
• Ecospace
• Social/behavioral
• Developmental 

Text

Erwin, 2008 PNAS



Taxic Diversity



Linear Growth

• Accumulation of diversity;  
diversity unconstrained; can 
accommodate perturbations

• No feedback, exponential 
growth (e.g. following mass 
extinctions)

• Limited role for innovation, 
ecological facilitation, etc. 



Measures of Taxic Diversity 

• Most studies based on Sepkoski’s 
compendium of the first and last 
occurrences of marine families and genera 
(NOT species!)

• Recall that species are grouped into genera, 
genera into families, families into 
superfamilies and orders, etc.
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Phanerozoic Marine Diversity





Coupled Logis9c Growth

Sepkoski Paleobiology, 1984

• Each Evolutionary Fauna 
has an individual carrying 
capacity that responds to 
major environmental 
perturbations (mass 
extinctions) 

• Requires ecological 
saturation in marine 
communities and 
persistent carrying 
capacities
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Sole et al, in review
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Sole et al, in prep

Pa<erns of Growth

Sole et al, in review



• Logistic growth is a feature 
of  population growth

• Requires ecological 
saturation/density 
dependent effects

• Yet carrying capacity varies 
with environment and 
available adaptations

• Carrying capacity  is an 
exogenous variable

• Is the concept meaningful 
over evolutionary time? 

Problems with Logis9c Growth

dN/dT = r N (1‐N/K)



Exponential Diversification

Stanley 2007 Paleobiology

• Diversity unconstrained; 
reset by environmental 
perturbations, which lead 
to rapid diversity increases

• Inconsistent with 
standardized sampling of 
PDBD (Alroy et al. 2008).



Constrained Diversification

Alroy et al. Science 2008

• Apparent high modern 
diversity is a sampling 
artifact

• Diversity appears 
constrained, with Neogene  
diversity only 1.7x median 
Paleozoic diversity

• Constraint could be due to  
carrying capacity, global 
energy  limitation and/or 
increased metabolic rate



Does compe99on drive adap9ve 
improvements, specializa9on and 

niche subdivision?

Sepkoski 1985



Diversity is Structured: 
Convergence between Mesozoic 

and Modern Mammals 

21Luo 2007 Nature



Macroevolu9onary lags
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Phytolithes

Stromberg 2005



Macroevolu9onary Lags
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Gillespie, Science 2004

Discovery: Adaptive Radiation of  Hawaiian spiders



Morphologic Diversity









Foote 1993



Wesley-Hunt 2005 after Foote 1993



Developmental Diversity







Sea Urchin endomesoderm GRN



Arendt 2006 after Davidson 2006



Architectural Diversity



• Niche Construction: activities of organisms that 
influence their environment, often through 
ecological inheritance and thus affect the 
fitness of the population

• Ecosystem Engineering: modifications to the 
environment by a species that affects 
resource availability, either for itself or for 
other species 

How do positive feedback processes 
influence diversity?





Ecosystem Engineering vs Niche 
Construction

http://tanzaniaparks.com/cn/tarangire.htm



Ecosystem Engineering & 
Niche Construction

Erwin, 2008 TREE



Are these different measures of 
diversity congruent?  

• If so, then one (taxa) serves as an easy 
proxy.

• In fact, we already know that taxic diversity 
is not a proxy for morphological disparity, 
and in general it appears that we need 
independent proxies for each aspect of 
diversity
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What role does innova9on play in the 
history of diversity?

Each model has different implications for innovation

•  Coupled logis,c: constrained diversity within each 
EF; major innova9ons between faunas 
•  Constrained diversifica,on: adapta9ons, 
occasional innova9on but overall constraint

• Expanding diversity: con9nual expansion
• Exponen,al increase: major innova9ons fixed 
following mass ex9nc9ons
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• Niche subdivision?

• Change in 
environmental 
conditions?

• Increased nutrient 
availability?

• Adaptations providing 
access to new 
resources?

Causes of  Increased Diversity


