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What is biodiversity?
“The variability among living organisms from all sources including terrestrial, 
marine and other aquatic ecosystems and the ecological complexes of which 
they are part; this includes diversity within species, between species and of 
ecosystems”
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Three compositional 
levels of biodiversity
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Species diversity across spatial scales 
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§  Alpha, beta, and gamma 
diversity at 4 sites in 2 
regions.

§   Alpha diversity = # of 
species found at a local scale 
(i.e. w/i  a given site or 
habitat). 

§  Beta diversity =the difference 
in species composition, or 
turnover, between sites 
within a given region

§  Gamma diversity = total 
species richness in a region, 
assessed across all sites. 

What is a region? – large, containing many habitats and communities, 
           - an area from which species, over time, have a good probability of colonizing a local community of 

     interest. These species are the regional species pool 
   - in global diversity studies, biogeographic regions, representing distinct evolutionary histories, used to   
     delineate regional diversity



Species Diversity
The number and relative abundances of species in a given community.

SPECIES RICHNESS
The number of species

SPECIES EVENNESS
The equitability of abundance across species
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The distribution of species abundance
Rank Abundance Curve: each species represented by a vertical bar proportional to its abundance 

Example of a community with low evenness.
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Productivity and species richness
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Productivity – diversity relationships: 
typically positive at regional scales

Why? Premise: 
1) more productive environments (i.e. 
those w. more energy) should support 
more individuals (A, C)
2) areas that support more individuals 
will contain more species (B, D)

Trees worldwide

North American Breeding Bird Survey

AET = annual actual evapotranspiration,      
a measure of productivity

≈ Productivity



Productivity and species richness
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Productivity – diversity relationships: 
typically positive at regional scales
BUT
At smaller spatial scales, rel’ship much 
more varied: positive, negative, hump-
shaped, U-shaped

Why would diversity decline at high productivity?
Remains unresolved. Possibly:
-shift from nutrient limitation to light limitation at high 
productivity, resulting in a decline in plant species richness in very 
productive environments (Tilman and Pacala 1993) 
-high productivity magnifies the impact of competition, leading to 
a loss of species richness in very productive environments 
(Abrams 2001) 

Note: Shift in pattern across spatial scales! 



Species-area relationship (SAR)
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SAR: larger areas contain more species
Why?  
1)  larger areas usually encompass more habitat types
2)  larger areas can support larger populations, which 

have a lower extinction probability.  Thus, even in 
areas of homogeneous habitat, larger areas 
expected to have more species



Species-area relationship (SAR)
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SAR: larger areas contain more species
Why?  
1)  larger areas usually encompass more habitat types
2)  larger areas can support larger populations, which 

have a lower extinction probability. Thus, even in 
areas of homogeneous habitat, larger areas 
expected to have more species

McArthur and Wilson’s (1967) model of island 
biogeography illustrates this effect: 



Species-area relationship (SAR)
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SAR: larger areas contain more species
z, the rate at which new species are encountered as area increases, varies with spatial scale

At regional scale, variation in z related to climate: greater z-values with increased temperature and 
precipitation; z increases when moving from poles to equator



Local-regional diversity relationships
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Possibilities:
1) Linear (Type I): if local community richness (alpha) 
determined largely by the input of species from the 
regional pool (gamma);
2) Saturating (Type 2): if local communities have 
‘limited membership’ (Elton 1950) and species 
interactions such as competition and predation 
restrict which species are able to coexist
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Latitudinal Diversity Gradient (LDG)
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Latitudinal Diversity Gradient (LDG)
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Latitudinal Diversity Gradient (LDG)
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It is ‘the major, unexplained pattern in natural 
history… one that mocks our ignorance’ 
-Robert Ricklefs, quoted in Lewin 1989



Latitudinal Diversity Gradient (LDG)
Hypotheses: 

1.  Null-model explanations based on 
geometric constraints on species ranges 
distributed around the globe

Null model:  attempts to specify how a pattern in 
nature should look in the absence of a particular 
mechanism; a pattern-generating model based on 
randomization of ecological data. The 
randomization produces a pattern that would be 
expected in the absence of a particular mechanism

LDG may simply reflect outcome of placing 
species ranges on a bounded domain (the globe) 
(Colwell and Hurtt 1994). 

Mid-domain effect: suggested as a null model 
against which other explanations for LDG 
can be measured



Latitudinal Diversity Gradient (LDG)
Hypotheses: 

1.  Null-model explanations based on 
geometric constraints on species 
ranges distributed around the globe

2.  Ecological hypotheses focused on an 
area’s carrying capacity for species

Species-energy hypothesis: 
tropics tend to be highly productive
more productivity supports more individuals/area
more individuals contain more species 

Trees worldwide

North American Breeding Bird Survey

AET = annual actual evapotranspiration,      
a measure of productivity



Latitudinal Diversity Gradient (LDG)
Hypotheses: 

1.  Null-model explanations based on 
geometric constraints on species ranges 
distributed around the globe

2.  Ecological hypotheses focused on an 
area’s carrying capacity for species

3.  Historical hypotheses: the time-and-area 
hypothesis 

4.  Evolutionary hypotheses: do rates of 
diversification (speciation minus 
extinction) differ across latitude? 
Tropics as a ‘cradle’ for the generation of new 
taxa or a ‘museum’ for the preservation of 
existing diversity 



Latitudinal Diversity Gradient (LDG)
Hypotheses: 

1.  Null-model explanations based on 
geometric constraints on species ranges 
distributed around the globe

2.  Ecological hypotheses focused on an 
area’s carrying capacity for species

3.  Historical explanations based on geologic 
history and the time available for 
diversification

4.  Evolutionary hypotheses that focus on 
rates of diversification (speciation minus 
extinction)


