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Big Five Mass Extinctions 

Sepkoski 1999 



Phanerozoic Mass 
Extinctions 

Bambach,	  2006	  Ann.	  Rev.	  Earth	  Planet	  Sci.	  





‘Missing’ extinctions 

Regnier	  et	  al	  2009	  Conserva5on	  Biology	  
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End-Permian Mass Extinctions 

Sepkoski 1999 





Triassic survivors 



Marine PT boundary: 
Meishan,  China 



PT boundary : Meishan,  China 

Jin	  et	  al.	  2000	  Science	  



End-Permian Mass Extinction 

Shen	  et	  al.	  Science	  2011	  



End-Permian Mass Extinction 

Shen	  et	  al.	  Science	  2011	  







Shumpeterian Imperative 

"The opening up of  new markets and the 
organizational development from the craft shop 
and factory to such concerns as US Steel 
illustrate the process of  industrial mutation that 
incessantly revolutionizes the economic 
structure from within, incessantly destroying 
the old one, incessantly creating a new one ... 
[The process] must be seen in its role in the 
perennial gale of  creative destruction; it cannot be 
understood on the hypothesis that there is a 
perennial lull.” 

“Capitalism, Socialism and Democracy” (1942) 

Joseph Schumpeter  

Joseph 
Schumpeter 
(1883-1950 
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Taxic diversity 



Adaptive Radiation of  
Hawaiian Silverswords 

All	  photos	  from	  Hawaiian	  Silversword	  Alliance	  website	  

Carlquis5a	  
California	  

Argyroxiphium	  
sandwicense	  

ssp.	  macrocephalum	  

Dubau5a	  waialealae	   Dubau5a	  la5fola	  

Dubau5a	  	  
re5culata	  





Phylogenetic Diversity 

McFadden, 2005, Science 



Images	  from	  /hazen.gl.ciw.edu	  

Morphologic Disparity 



Wesley-Hunt 2005 after Foote 1993 

Disparity vs. Diversity 



Functional Diversity 



Steller	  Sea	  Lion*	  

Smelt*	  
Black	  Katy	  Chiton	  

Surf	  Clam*	  

Horse	  mussel	  

Great	  Sculpin*	  

Channeled	  Dogwinkle	  

Frilled	  Dogwinkle	  

Razor	  Clam	  

BuOer	  Clam	   Gaper	  Clam	   Sea	  Urchin	  

Christmas	  Anemone	  

Harbor	  Seal*	  

Jingle	  

Dulce	  (Red	  Algae)	  

Pacific	  Sandfish*	  

Red	  Sea	  Urchin*	  
LiOleneck	  Clam	  

Hairy	  Triton	  

www.foodwebs.org/sanak/sanakspp/	  Photos:	  Spencer	  Wood	  &	  Roly	  Russell	  

The Sanak Island Biocomplexity 
Project  



Aleut	  

Steller	  Sea	  Lion	  

Great	  Sculpin	  

Cleaner	  Shrimp	  

Phytoplankton	  



-‐detritus	  
-‐protozoa	  
-‐bacteria	  
-‐biofilm	  
-‐lichen	  
-‐seagrass	  

171	  taxa,	  1079	  feeding	  links,	  6.3	  links	  per	  species	  

Sanak Intertidal Food Web 

Mammals	  (5)	  
Fish	  (13)	  
Invertebrates	  (107)	  
Algae	  (35)	  
Misc	  (11)	  

Homo	  sapiens	  

Courtesy	  Jen	  Dunne,	  Santa	  Fe	  Ins[tue	  



-‐detritus	  
-‐protozoa	  
-‐bacteria	  
-‐biofilm	  
-‐lichen	  
-‐seagrass	  

Birds	  (64)	  
Mammals	  (21)	  
Fish	  (139)	  
Invertebrates	  (222)	  
Algae	  (55)	  

Misc	  (12)	  

513	  taxa,	  6774	  feeding	  links,	  13.2	  links	  per	  species	  

Sanak Marine Food Web 
Homo	  sapiens	  

Courtesy	  Jen	  Dunne,	  Santa	  Fe	  Ins[tue	  



50	  species	  (29%)	  

InterLdal	  Food	  Web	  

122	  species	  (24%)	  

Marine	  Food	  Web	  

Humans fed on… 

Courtesy	  Jen	  Dunne,	  Santa	  Fe	  Ins[tute	  



The	  Aleut	  were:	  
	  

● 	  	  Super	  generalists	  
● 	  	  Extremely	  connected	  
● 	  	  Highly	  omnivorous	  

Aleut	  were	  posi[oned	  to	  have	  great	  effects	  on	  local	  diversity.	  
But	  no	  apparent	  ex[nc[ons	  due	  to	  human	  preda[on.	  

Courtesy	  Jen	  Dunne,	  Santa	  Fe	  Ins[tute	  



Architectural Diversity 



Architectural Diversity 

A	  Carboniferous	  Coal	  Swamp	  



Architectural  & 
Developmental diversity of 

trees 

Niklas	  1997	  

Woody	  	  
Dicots	  &	  	  
conifers	  

cycad	  

lepidodendrid	  

Calamites	  

Tree	  palm	  

Tree	  fern	  



Behavioral Diversity 



Behavioral Diversity 



Developmental Diversity	  



Monosiga Amphimedon Trichoplax Nematostella Drosophila 
genome 

size (Mb) 41.6 167 98 450 180 

No. genes 9,100 ? 11,514 18,000 14,601 
No. cell 

types 1 12 4 20 50 

No. T.F.’s ? 57 35 min. 87 min. 87 
No. T.F. 
families 5 6? 9 10 10  

microRNAs 0 8 0 40 152 

Genomic Complexity 

(Erwin & Valentine 2012 in prep)"



Types of diversity: 

•  Taxic	  (no.	  of	  species)	  
•  Phylogene[c	  
•  Morphologic	  disparity	  
•  Func[onal	  
•  Ecospace	  
•  Architectural	  	  
•  Social/behavioral	  
•  Developmental	  	  



Impacts of Mass Extinctions 

Ordovician	
 Devonian	
 Permian	
 Triassic	
 Cret.	


Taxic (gen/
fam)	
 60/26%	
 57/22%	
 82/52%	
 53/22%	
 47/16%	


Phylo.	
 ?	
 ?	
 high	
 ?	
 ?medium	


Disparity	
 high	
 medium	
 high (v)	
 ?	
 ? med	


Functional	
 medium	
 high	
 medium	
 low	
 medium	

Ecospace	
 low	
 high	
 high	
 low	
 medium	


Architectural	
 low	
 high	
 high	
 high	
 low	


Behavioral	
 low	
 ?	
 high	
 medium	
 medium	


Erwin,	  2008,	  PNAS	  



Years	  before	  Present	  

1	  10	  100	  1000	  10,000	  

Jackson	  et	  al.	  Science	  2001	  

Cod in the Gulf of Maine 



Shifting  baselines 

Species	   Timespan	  (yrs)	  	   Baseline	   Recent	  

Atlan[c	  Cod	   3550	   Mean	  length	  >1	  M	   Mean	  length	  30cm	  

Monk	  Seal	   >	  300	   ex[nct	  

White	  Abalone	   30	  	   >	  2000/	  ha	   c.	  1/	  ha	  

Green	  Turtle	   >	  300	   >	  16.1	  x106	  50	  kg	  
turtles	  

>	  1.1	  x106	  50	  kg	  
turtles	  

Stellar’s	  Sea	  Cow	    300	   Herd	  size	  >	  5,000	   Ex[nct	  



Forest	  Dynamics,	  Climate	  Change,	  Conserva[on	  	  

Smithsonian Institution 
Global Earth 

Observatories (SIGEO)  





Crassostrea virginica 

Image:	  WHOI	  
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Ecosystem Engineering 



Oysters in Chesapeake Bay 

•  The	  virtual	  elimina[on	  of	  the	  oysters	  has	  shijed	  the	  
Chesapeake	  estuary	  from	  an	  ecosystem	  with	  
extensive	  benthic	  and	  pelagic	  primary	  produc[vity,	  
high	  mesozooplankton	  density	  and	  abundant	  fish	  
stocks,	  to	  one	  dominated	  by	  ctenophores,	  jellyfish,	  
pelagic	  microbes,	  and	  par[culate	  organic	  carbon.	  	  




