
Patterns of Species Richness Among Biomes

Topics and approach

What is biodiversity and why is it important?

What are the major drivers of species richness?

Habitat heterogeneity

Disturbance

Species energy theory

Dynamic equilibrium hypothesis (interactions among 

disturbance and energy)

[above covered in last lecture]

Resource ratio theory

How does biodiversity influence ecosystem function?

Biodiversity and ecosystem function hypothesis

Integration of biodiversity theory

How might the drivers of species richness and hence levels of 

species richness differ among biomes?



Tests of Species Energy Theory

Kerr, J. T., and L. Packer.  1997.  Habitat heterogeneity as a determinant of mammal species 

richness in high-energy regions. Nature 385:252–254.

SET has received the strongest empirical support in explaining large scale gradients in species 
richness.”



Tests of Species Energy Theory

Kerr, J. T., and L. Packer.  1997. 

We show that it apples to NA mammals only over 
in geographical areas where climate energy levels 
are low (AK and Canada).  

PET – The amount of water that would evaporate from 
a saturated surface, an aspect of climatic energy 
availability.   



Tests of Species Energy Theory

Kerr, J. T., and L. Packer.  1997. 

In higher energy areas (US and southern 
Canada, topographic heterogeneity and local 
variation in energy are the best predictors.  



Tests of Species Energy Theory

Kerr, J. T., and L. Packer.  1997. 

In higher energy areas (US and southern Canada, topographic heterogeneity and 
local variation in energy are the best predictors.  

Our results indicate that although there is no single determinant of large-scale 
variation in mammal species richness, there may be a hierarchical sequence of 
limiting factors.



Tests of Species Energy Theory
Hawkins, B.A. et al. 2003.  

Focusing on studies extending over 800 km, we found that measures of energy, water, or water–
energy balance explain spatial variation in richness better than other climatic and non-climatic
variables in 82 of 85 cases



Tests of Species Energy Theory

Hawkins, B.A. et al. 2003.  

Water variables usually represent the strongest predictors in the tropics, subtropics, and warm 
temperate zones, whereas energy variables (for animals) or water–energy variables (for plants) 
dominate in high latitudes.



Tests of Species Energy Theory

Hawkins, B.A. et al. 2003.  

We conclude that the interaction between water and energy, either directly or indirectly (via plant 
productivity), provides a strong explanation for globally extensive plant and animal diversity
Gradients.



Tests of Species Energy Theory

Davies, R. G.,  C. D. L. Orme, D. Storch, V. A. Olson, G. H. Thomas, S. G. Ross, T. Ding, P. C. 

Rasmussen, P. M. Bennett, I. P. F. Owens, T. M. Blackburn, and K. J. Gaston.   2007. 

Topography, energy and the global distribution of bird species richness. Proceedings of the 

Royal Society B 274:1189-1197. 

Analyses presented here are based on a database of distribution maps for 9626 extant, recognized 
bird species globally.



Tests of Species Energy Theory

Davies et al. 2007. 

topographical variability and temperature are identified as the 
most important global predictors of avian species richness in 
multipredictor models. 

Topographical variability is most important in single-predictor 
models, followed by productive energy.



Tests of Species Energy Theory

Davies et al. 2007. 

A global perspective confirms the primary importance of mountain ranges in high-energy areas.



Tests of Species Energy Theory

Adler et al. 2011.  Productivity is a poor predictor of plant species richness.  Science 333 

1750-1753. 

We conducted standardized sampling in 48 herbaceous-dominated plant communities on five continents.

We sampled plant species richness in standard 1-m2 quadrats located in blocks of 10 plots.



Tests of Species Energy Theory

Adler et al. 2011.

We found no clear relationship 
between productivity and fine-
scale (meters−2) richness 
within sites, within regions, or 
across the globe.



Tests of Species Energy Theory

Adler et al. 2011.



Tests of Species Energy Theory

Adler et al. 2011.

Criticisms

The study set up a straw-man hypothesis:

Although some studies have advocated multivariate approaches (3–5), much of the 
debate remains focused on evidence for a single, general relationship between
productivity and richness. 

This classic productivity-richness relationship (PRR) is humpshaped, with richness 
increasing at low to intermediate levels of productivity and decreasing at high 
productivity (6).

Nearly all studies point to multiple drivers and most point out that the shape of the 
relationship varies.  



Tests of Species Energy Theory

Adler et al. 2011.

Criticisms

The study set up a straw-man hypothesis:

The study quantified biomass rather than productivity.
We used the same protocol at all sites for estimating aboveground net primary 
production (ANPP) as peak–growing-season live biomass, an effective measure of 
ANPP in herbaceous vegetation (21), especially when consumption by herbivores
is low.

The studies sampled a narrow range of the global gradient in biomass.

Each site sampled only 1 m 2 plots and had only 10 replicates.

The results actually showed several positive relationships

We found no clear relationship between productivity and fine-scale (meters−2) richness within 
sites, within regions, or across the globe.



Tests of Species Energy Theory

Adler et al. 2011.

Criticisms

The study set up a straw-man 
hypothesis:

The study quantified biomass rather 
than productivity.

The studies sampled a narrow range of 
the global gradient in biomass.

Analyses within sites  are very weak 
because of only 10 replicates of 1-m 
plots.



Tests of Species Energy Theory

Adler et al. 2011.

Criticisms

The study set up a straw-man hypothesis:

The study quantified biomass rather than productivity.

The studies sampled a narrow range of the global gradient in biomass.

Each site sampled only 1 m 2 plots and had only 10 replicates.

The results actually showed several positive relationships

We found no clear relationship between productivity and fine-scale (meters−2) richness within 
sites, within regions, or across the globe.



Tests of Species Energy Theory

Adler et al. 2011.

Criticisms

The study set up a straw-man 
hypothesis:

The study quantified biomass 
rather than productivity.

The studies sampled a 
narrow range of the global 
gradient in biomass.

Each site sampled only 1 m 2 
plots and had only 10 
replicates.

The results actually showed 
several positive 
relationships, esp at the 
global level.



Tests of Species Energy Theory

Conclusions

Global patterns of species richness are strongly correlated measures of climate, primary 
productivity, water, and/or habitat heterogeneity.

The strength of each of these varies geographically, logically linked to which are the most 
limiting in a given location

The shape of the relationships may well vary from place to place predictably (e.g., species 
energy relationship flattens or decreases in more productive settings.



Interactions of SET, RRT, BEF

Cardinale et al. 2009

Predictions:
(1) Ecosystems characterized by a greater total availability of resources should also 

have a greater number of species and summed biomass of those species.

(2) Ecosystems characterized by a greater imbalance in the supply of different resources 
should show lower levels of species richness and summed biomass.

(3) When resource availability and imbalance are held constant, summed biomass 
should increase as a function of species richness.



Interactions of SET, RRT, BEF

Cardinale et al. 2009

Methods:

Examine patterns of covariation between algal 
species richness, algal biomass, and both the
availability and imbalance of three potentially 
limiting resources (light, nitrogen and 
phosphorus) in an extensive data set for 
Norwegian lakes.



Interactions of SET, RRT, BEF

Cardinale et al. 2009

Results:

1. algal species richness and biomass both 
increased as a function of the total 
availability of resources.

2. Species richness and biomass both 
decreased as resources became increasingly 
imbalanced in their availability.

3. a significant direct effect of species 
richness on biomass that was positive.

But note that only 12% of the variation in 
species richness was explained by resource 
availability and ratio.

Some 51% of the variation in biomass was 
explained with resource availability having a 
stronger effect than species richness or 
ratio.    



Interactions of SET, RRT, BEF

Cardinale et al. 2009

Conclusions:

Predictions are supported but relationships are somewhat 
weak.



Interactions of SET, RRT, BEF

My overall conclusions

SET, RRT, and BEF are not competing theories, but 
rather components of an integrated model of the 
interactions between abiotic factors, ecological 
productivity, and species richness. 

Abiotic factors within an ecosystem ultimately set 
limits on population growth rates and species 
richness for both primary producers and 
consumers. 



Biotic carrying capacity - the limits on individual organisms, 

populations, communities, and rates of ecological processes set by 

resources and conditions within an ecosystem.  

Biotic Carrying Capacity of Ecosystems

Cold Dry

More favorable

Global Gradient in Biotic Carrying Capacity
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