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Cells Organisms Populations Communities Ecosystems Biomes Earth

“…physics, geology, earth science, botany, geography, zoology, 

climatology, oceanography, and astronomy”

“Everything is connected”



What is a community?
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Local Regional Global



QUANTIFYING ECOLOGICAL 

COMMUNITIES





Community 1 Community 2

ABUNDANCE
12 12

First order properties: single communities

ALWAYS integers



Community 1 Community 2

SPECIES RICHNESS
12 12

3 1

First order properties: single communities

ALWAYS integers



Community 1 Community 2

DIVERSITY

3 3

1.0986 0.8675

Shannon Diversity Index: H = -∑[(pi) * log(pi)] | pi = n / N 

12 12

First order properties: single communities



Community 1 Community 2

COMPOSITION

3 3
12 12

First order properties: multiple communities

0.8675 0.8675



Community 1 Community 2

3 3
12 12

First order properties: multiple communities

COMPOSITION



Community 1 Community 2 Community 3

alpha (⍺) diversity
gamma (ɣ) diversity

beta (β) diversity

First order properties: multiple communities



Site A

First order properties: multiple communities

Site B

Site C

Site Species 1 Species 2 Species 3 Species 4

A 7 1 4 0

B 0 4 0 3

C 4 7 2 0

Site Species 1 Species 2 Species 3 Species 4

A 1 1 1 0

B 0 1 0 1

C 1 1 1 0





Second order properties: trait diversity and composition

Community A: tiny and colorful Community B: large and plain

Trait based ecology combines basic community structure with organismal information





Second order properties: species-environment relationship

Community A: live coral Community B: dead coral

Species environment relationships describe links between communities and environmental properties



Cheat sheet

1st order variables, one community:

1) Abundance (integer, non-negative)

2) Species richness (integer, non-negative)

3) Diversity or evenness (decimal, non-negative)

4) Species-abundance distribution (distribution) 

1st order variables, many communities:

1) Community composition (no value)

2) Beta-diversity (decimal, non-negative)

2nd order variables:

1) Trait diversity and composition (requires species characteristics)

2) Species-environment relationships (requires site characteristics)

COMMUNITY STRUCTURE

COMMUNITY COMPOSITION



1. Species richness, species density (area-standardized), or rarefied species richness

2. Diversity & evenness: Shannon index, Rényi entropy, Simpson’s diversity, Simpson-Gini index, 

Berger Parker Index, Pielou’s evenness

3. Composition: PCA, CCA, DCA, PCoA, MDS, nMDS, RDA, Cluster analysis (k-means, 

hierarchical, fuzzy)

4. Beta diversity: Whittaker’s index, Simpson’s index, Sørensen index

5. Trait based analyses: functional richness, functional evenness, Rao’s Q, functional 

divergence, functional diversity, functional originality

6. Species-environment relationships: redundancy analyses, canonical discriminant analysis, 

Mantel’s test

So many options…







Patterns and predictors of global marine 

species richness

What do you think influences species 

richness patterns at a global scale?





Estuarine fishes

Vasconcelos et al. 2015



Estuarine fishes

Vasconcelos et al. 2015

• biogeographic realm

• sea surface temperature

• estuarine area

• connectivity





Coral reef fishes

Parravicini et al. 2015



Coral reef fishes

Parravicini et al. 2015

• coral reef area

• biogeographic realm

• sea surface temperature

• connectivity





Coastal cephalopods

Rosa et al. 2019



Coastal cephalopods

• phylogenetic history

• region

Rosa et al. 2019





Tunas and billfishes

Boyce et al. 2008



Tunas and billfishes

• temperature

Boyce et al. 2008





Everything?

Tittensor et al. 2010



Why do species richness patterns differ between pelagic and coastal ecosystems?



Tittensor et al. 2010



Why are pinnipeds most diverse in temperate and polar regions?







IDEAS AND CONCEPTS IN COMMUNITY ECOLOGY

We know 
nothing

Brilliant 
idea

More 
brilliant 
ideas

They’re all 
wrong

Better idea

Nope, also 
wrong

The first 
idea 

wasn’t so 
bad

Yes it was
We know 
everything

Actually 
we know 
nothing

WE FIGURED 
IT OUT! A 
general 

theory of 
everything.



Observing patterns





Frederic Clement (1916)

The Phytogeography of  Nebraska

Plant Succession: An Analysis of  the Development 

of Vegetation

Ecological communities as “superorganisms”

Observing Patterns : Frederic Clement



Environmental gradient

A
b
u
nd
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ce

Community 1 Community 2

Observing Patterns : Frederic Clement



Observing Patterns : Frederic Clement



Henry Gleason (1926)

The Individualistic Concept of the Plant Association

Species and area

Ecological communities as conglomerates of 

species with individual tolerances

Observing Patterns : Henry Gleason



Environmental gradient

A
b
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nd
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sp2

sp3

sp4

Observing Patterns : Henry Gleason



Observing Patterns : Henry Gleason





Whittaker 1956

Observing Patterns: Robert H. Whittaker



Whittaker 1956

Observing Patterns : Robert H. Whittaker



Is this a good, quantitative 

analysis of the community?



Bray & Curtis 1957

Ordinations

Quantifying Patterns
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Gobies (Family Gobiidae)



Competition!

Modeling dynamics

Amblyeleotris guttata Amblyeleotris wheeleri



Models: Mathematical basis for population dynamics (e.g. Lotka-Volterra)

Modeling dynamics



N = population size

subscript = time

Nt = population at time t

r = population growth rate

Nt+1 = Nt + Ntr

→ exponential equation

Modeling dynamics
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900 trillion gobies





N = population size

subscript = time

Nt = population at time t

r = population growth rate

K = carrying capacity

1 – Nt/K = how far from carrying capacity

r(1 – Nt/K) = real population growth

Nt+1 = Nt + Ntr(1 – Nt/K)

→ logistic equation

Modeling dynamics
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⍺12

competition

coefficient

N1 N2

Modeling dynamics



100% 100% 50% ⍺12 = 0.5

Modeling dynamics



⍺12 = 0.5

N1 N2

N1(t+1) = N1(t) + N1(t) r(1 – N1(t)/K1 – ⍺12N2(t)/K1) 

Modeling dynamics
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Niche differences

• diet

• habitat

• space

• time

intraspecific competition vs. interspecific competition

Chesson 2000; HilleRisLambers et al. 2012

Modeling dynamics



Modeling dynamics

Robert MacArthur David Tilman

Limiting similarity theory Resource competition theory
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Fitness differences

• growth rate

• fecundity

• mortality

• energy use

Increased fitness when rare:

Negative frequency dependence

Modeling dynamics



Niche differences

Fitness differences

Modeling dynamics

Chesson 2000; HilleRisLambers et al. 2012

>



Modeling dynamics

Peter Chesson Janneke HilleRisLambers

Modern coexistence theory





Niches & fitness are the deterministic 
drivers of community assembly



⍺12 = 0.5

 ⍺21 = 0.5

r1 = 1

r2 = 1

K = 50,000

Large Scale Patterns & Processes

What happened? 



Local Regional Global

Large Scale Patterns & Processes



Emigration

Immigration

Large Scale Patterns & Processes



Prevailing current

Large Scale Patterns & Processes



Extinction

Large Scale Patterns & Processes







(Local) Extinction

Large Scale Patterns & Processes





Equilibrium species richness

Large Scale Patterns & Processes



Area Connectivity



Large Scale Patterns & Processes

Equilibrium species richness



Large Scale Patterns & Processes

Theory of Island Biogeography

Robert MacArthur E.O. Wilson



Large Scale Patterns & Processes



Do ecological differences matter?



Neutral theory of biodiversity

Steve Hubbell

Large Scale Patterns & Processes



Large Scale Patterns & Processes

Equilibrium species richness

Speciation





Regional pool of species



Local Regional



Competition matters

Competition is irrelevant

Large Scale Patterns & Processes



Large Scale Patterns & Processes

Regional biodiversity hypothesis

Robert Ricklefs



Early 1900s: 
observation of 

patterns

1960s: 
competition, 

limiting similarity

1980s: Resource 
competition 

theory

2000s: modern 
coexistence 

theory

1960s: theory 
of island 

biogeography

1990s: neutral 
theory of 

biodiversity 

2010s: equal 
fitness paradigm

1990s: regional 
biodiversity 
hypothesis

2000s: global 
ecology and 

biogeography





Homework

 
Read Lawton (1999). Are there general laws in 

ecology? (Oikos) and submit a 250-word statement 

as to whether or not you agree with the main 

message of the paper and why.

Hint: it’s in Canvas under ”Files”



NEXT CLASS

Monday, Feb 3rd
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