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Some macroevolutionary patterns

● Adaptive radiation
● Coevolution
● Stasis/Punctuated equilibrium/Gradualism
● Ecological 'rules'

         Latitudinal diversity gradient

         Bergman's rule

         Allens rule

        

         



  

Latitudinal diversity gradient (LDG)

Global amphibian species richness gradient

Over 10 times more species in the tropics than the arctic



  

Hypotheses

● Ecological – Why tropics support a higher no. of 
species at 'equilibrium'

● Historical – Tropics as 'museums' versus 'cradles', 
Out of the tropics, Niche Conservatism Hypothesis

Note: the above two classes of explanations are not mutually exclusive



  

Ecological (biotic & abiotic)
1) higher degree of specialization

2) higher primary productivity

3) greater variety of resources

4) narrower physiological tolerances

            'mountains are higher in the                     
     tropics' - Dan Janzen

5) greater predation

6) greater competition

Some of the above can also result in higher speciation rates in 
the tropics, ie 'tropics as cradles of diversity'



  

Historical
Tropics as cradles of diversity. Jablonsky et al 2006 
Science 314(5796): 102-106 

Tropics have a higher diversification rate

Diversification rate = Rate of speciation – Rate of extinction

Speciation rates higher in 
the tropics



  

Tropics as museums of diversity (high speciation 
rates)

Tropics have a higher diversification rate

Extinction rates lower in the 
tropics



  

'Out of the tropics' (modified from Jablonsky et 
al)

Tropics have a higher diversification rate

Taxa originate preferentially 
in the tropics and then 
spread to extra-tropics, i.e. 
dispersal from tropics to 
extra-tropics has been 
higher than vice-versa



  

Jablonsky et al 2006 Science 314(5796): 102-106 

Data from marine bivalves:

Support for tropics as cradle 
and museums, as well as the 
Out-of-tropics hypothesis



  

Tropical niche conservatism
Wiens and Donoghue. Synthesis of previous hypotheses

1) Time for speciation effect: tropical clades are older

2) Temperate to tropical dispersal more likely than vice-versa: 
niche conservatism

3) Tropical regions more extensive until recently: more groups 
originated in the tropics (out of the tropics)

Speciation (origination) rate does not differ between 
tropics and extra-tropics

Evidence from several studies. E.g. Wiens et al 2006. American 
Naturalist.  168(5): 579-596



  

SUMMARY
● Mixed evidence to support the idea that speciation 

rates are higher in the tropics
● Preferential origination of clades in the tropics 

followed by recent dispersal into higher latitudes
● Tropics are both a cradle & museum



  

Bergman's rule

Body size tends to be greater in populations that 
live in cold environments.

● Hypothesis 1: Thermoregulation. (Increased mass 
allows for greater heat retention and reduced heat 
loss.)

● Hypothesis 2: Competition (greater competition in 
the tropics)

● Inter and intra-specific



  

Bergmann’s Rule and adaptation to temperature in the Bushy-tailed 
woodrat (Neotomoa nicerea), over both geographic space and evolutionary 

time.

Smith, et al. 1995. Science. 270: 2012-2014

Photo: Smithsonian Natural History Museum
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Allen's rule
Endothermic vertebrates that live in warmer 
climates have longer appendages

● Hypothesis: Shorter appendages conserve heat and longer 
appendages are more effective in dissipating



  

All rules have exceptions

● Several explanatory hypotheses for each rule, but no 
definitive explanations

● Reading material for exam

   Gaston et al 2006. Ecogeographical rules: elements of a 
synthesis. Journal of Biogeography.25(3): 483-500. 
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2699.2007.01772.x/full



  

● Macroevolutionary patterns differ depending on the 
group being studied, timescale, geographic scale, etc

● Difficult to find patterns that are consistent across all 
studies


	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Bergmann’s Rule and adaptation to temperature in the Bushy-tailed woodrat (Neotomoa nicerea), over both geographic space and evolutionary time.
	Slide 14
	Slide 15
	Slide 16

