
Adaptive Radiation 
Causality attributed to ecological opportunity 
 

--Appearance of new resources 
 
--Extinction of species previously using    
resources 
 
--Colonization of area where resources not used 
 
--Evolution of a new trait that permits use of new         
resource (key innovation) 





Hawaiian Honeycreepers, subfamily Carduelinae 
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Another Hawaiian radiation 
The silversword alliance 



One of the best examples of 
adaptive radiation can be seen in the 
cichlid fish of the east African lakes. 

They have developed very different 
morphologies in order to take 
advantage of a variety of different 
ecological niches. 

Lake Malawi alone contains over 300 
species in a single group called the 
“mbuna”. 



In plants, the phlox family has undergone a dramatic 
radiation on the North American continent over the last 20 
million years… a continental adaptive radiation 



Marine Anglerfishes 
 
   Lophiiformes 
    (= 8 families and  
       300+ species) 



Extinction…the ultimate fate of every 
species. 

 

 

 

 

Consider that 100 
million years ago 
there, there was a 
variety of life on 
the planet similar 
to that which we 
see today. 

 

Virtually all of those species are gone now. 100 
million years from now, virtually all the species that 
are here now will be gone too. 



A popular 
analogy is 
presented as 
“The Red 
Queen 
Hypothesis”.  
The idea is that 
a species must 
continually 
evolve in order 
to keep up with 
an environment 
that is also 
constantly 
changing. 

Like the Red Queen in Lewis Carroll’s 
Through the Looking Glass, it “takes all the 
running you can do just to keep in the same 
place.” 



Some taxonomic or ecological groups have higher rates 
of extinction than others. 
 

 

 

 

 

 

 

 

Example:  

Small and herbivorous mammals have lower extinction 
rates than large, carnivorous ones. 

Tasmanian “tiger” – now extinct 



Two kinds of extinction 
 
Background extinction 
    - Continuously operating 
    - Low rate of extinction 
 
Mass extinction 
 – High rate of extinction (~75%) 
 – Short period of time (100,000s – millions 
years) 
 – Affects many lineages simultaneously 



Mass extinctions 





A few possible causes of mass extinctions 
  
• Global cooling, Ice Ages 
  --Rapid change in climate 
  --Large areas uninhabitable 
 
 • Global warming 
  -- rising sea levels 
 
 • Asteroids 
   – Catastrophic damage 
   – Debris/climate 
 
 • Volcanoes (massive volcanoes) 
    – Change in climate via particulates & SO2 
 
• Continental drift (causes changes in global temperatures) 
 
  



A reconstruction of the ancient seabed 
in southern China before and after the 
Permo-Triassic mass extinction event. 

One major mass 
extinction occurred 
about 250 million 
years ago at the 
boundary between 
the Permian and 
Triassic Periods. 

A number of 
possible causes 
have been 
suggested, 
focusing on 
periods of global 
warming or climate 
change due to 
continental drift.  



Another significant mass extinction event was the one 
that occurred  at the “K-T boundary”, the transition 
from the Cretaceous Period of the Mesozoic Era to the 
Tertiary Period of the Cenozoic Era about 65.5 million 
years ago. 

At this time, major groups of plants and animals from 
many groups became extinct. 



It appears to have resulted from the impact of 
an asteroid…. 



Chicxulub Crater 

…which struck in the region of the Yucatan 
peninsula of Mexico. 



Hot off the press…. 



Net speciation per 1 My through time in Mesozoic dinosaurs.  

Manabu Sakamoto et al. PNAS doi:10.1073/pnas.
1521478113 

©2016 by National Academy of Sciences 

Sakamoto et al. 
Current issue (2016, 113(18)) 
PNAS 



The role of historical contingency….. 
 
Mammals 





The sixth mass extinction?….. 

 
Ceballos et al.  
Science Advances  19 Jun 2015: 
Vol. 1, no. 5, e1400253 



One of the most recent extinction events was the 
disappearance of the Pleistocene “megafauna” (primarily 
large mammals), between ~ 15,000 and ~ 8,000 years ago.   



A variety of causes have been suggested.  A number of 
lines of evidence are now suggesting that humans may 
have played a large role. 



Causes of 6th Mass Extinction 
  
 • Habitat destruction 
 
 • Habitat fragmentation 
 
 • Pollution 
 
 • Overharvesting 
 
 • Invasive species 
 
 • Climate change 
 
 • Human overpopulation 



Animals Recently Driven to Extinction 

Passenger 
pigeon 

Great auk Dodo Dusky seaside 
sparrow 

Aepyornis 
(Madagascar) 



Others…. 

Carolina parakeet 

Steller’s sea cow 

Quagga 



Evolution 
•  Recall microevolution : How characteristics of populations 

change as a result of the genetic mechanisms of natural 
selection, mutation, genetic drift, and gene flow 

 



The fossil record reveals many evolutionary patterns 
that are not easily explained as resulting from the 
accumulation of many, small-scale, microevolutionary 
events. 

Eldredge, Gould, Stanley and others suggested that 
macroevolution occurs primarily as the result of two 
processes: 

 Punctuated equilibrium /  Species selection 

Niles Eldredge 

Steven Stanley 

Stephen Jay Gould 



According to the fossil record, most evolutionary lineages 
consist of long periods of very little change (stasis) 
“punctuated” by brief period of relatively rapid change. 

. 

Punctuated Equilibrium? 



Macroevolution 
Refers to evolution above the species level. 

Evolution rates appear to be highly variable. 

George Gaylord Simpson classified evolutionary lineages into 
  a. bradytelic classes – those that evolve slowly. 

  b. horotelic classes – those evolving at typical rates 

  c. tachytelic classes – those evolving faster than typical rates. 

 

There has been much debate about the degree to which 
microevolutionary processes can account for observed 
macroevolutionary changes. 





An explanation for punctuations in the fossil record? 



Species selection? 



Microevolution vs. Macroevolution 

Are fundamentally different processes 
responsible for diversification below and 
above the species level????? 

No….Micro and 
Macroevolution are 
complimentary ideas that only 
differ in scale 


