
 

Diversity of Ecological Communities 

 Species Number, Richness, Diversity 

 Species Abundance Patterns 

 Geography of Species Number 
 

 

Species Diversity 
 

Diversity:  Measure Variability of Identity 

 

 “Qualitative Variance” 

 

Species (Taxon):  Qualitative Identity 

 

 

Species Diversity of Community:   

 

Variability  Of identity, by Species,  

 

Among Individuals in Community 

 

 



 

Estimate Diversity (Variability by Identity) 

 

S:  Species Number  (simplest) 

 

R:  Species Richness, Sample N Individuals 

 

 R = S/N1/2     R = (S – 1)/ln N 

 

 

Species Diversity: 

 

1. Species Number 

 

2. Relative Abundances of Species 

 

 

Scalar Diversity Estimate 
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Species i = 1, 2, …, S 

 

pi Proportional Abundance Sp i 

 



 

Ni individuals, species i;  i = 1, 2, …, S 
 

 

 

 

 

 

 

 

 

 

 

 

ln: Base e; log: Base 10 

 

 

N1 = 50, N2 = 30, N3 = 20 

 

N = 100 Total individuals 

 

p1 = 0.5, p2 = 0.3, p3 = 0.2 

 

 N.B., pi sum to unity 
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ln p1 = ln 0.5 = - 0.693  ln p2 = ln 0.3 = - 1.024 
 

  ln p3 = ln 0.2 = - 1.609 
 

 

p1 ln p1 = (0.5) (- 0.693) = - 0.347 
 

p2 ln p2 = (0.3) (- 1.024) = - 0.361 
 

p3 ln p3 = (0.2) (- 1.609) = - 0.322 

 

 
 

 

 

max H = ln S = ln 3 = 1.099   

  Each species’ relative abundance 1/S 
 

Evenness = J = H/(max H) = H/ln S = 1.03/1.099 = 0.937 
 

H, J: “Numbers”   

Only useful if compare communities meaningfully 
 

 

 

 

 

H = - [- 0.347 - 0.361 - 0.361] = 1.03 
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Physics: Negative of Entropy 

 
 Entropy: Disorder 

 

 Second Law Thermodynamics: 

 

  Open Systems Lose Energy, More Disordered 

 

  Different States Equally Likely 

 

   

Comunication Theory 
 

 Sequence of Symbols; Guess Next? 

 

 

Ecology: Identity, Next Individual Sampled from Community 

 

 Diverse Community, Identity Uncertain 
 

 

Many Diversity Indices  

 

  

 

 

 



 

 
 

 

 

 

 

 

 

 

 

 



 

 

Species Abundance Patterns 
 

 

Niche Preemption   

 Small communities, harsh environments 
 

 Extreme weather, low-nutrient, serpentine soils 

 

 

 

Each species takes fraction k of available resource 
 

 

(As if) Species arrive sequentially 
 

 Available resource declines 

 

 

Relative abundance sp i = fraction of resource acquired 

 

 

 

 

 

 

 

 

 



 

 

Niche preemption of total resource 

 

 

 

 
 

 

 

 

Proportional abundance of i-th ranked species 
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Geometric series 



 

 

Importance Plot 

 

Ln Importance 

 

 Relative abundance, biomass, … 

 

Rank abundance 

 

 1 (most common), 2, … , S (least common) 

 

 

 
 

 

 



 

 

 

Lognormal abundance 

 

Large communities, productive environments 

 

Biotic interactions important 

 
Count (estimate) number of species in different abundance classes 

 

 
 

Note abscissa logarithmic, ordinate linear 

 

 

 



 

 

 

 

 
 

 

 

 

 

Compare importance plots: space & time 

 

 

 

 

 



 

 

 
 

 

Harsh environment: Fewer species, less evenness; 

 

 linear importance plot 

 

 

 

 



 
 

 

Plantation: Fewer moth species, reduced evenness 

 

 

Does (ground) plant diversity correlate? 

 

 

 

 



 
 

Plantation plants:  less diverse 

 

 

 

Through Successional time (1 - 40 years) 

 

 
 


