The short film Some Animals Are More Equal than Others: Trophic Cascades and Keystone Species opens by asking two fundamental questions in ecology: “What determines how many species live in a given place? Or how large can each population grow?” The film then describes the pioneering experiments by Robert Paine and James Estes, in the 1960s and 1970s, which started to address them. Paine’s experiments on the coast of Washington state showed that the starfish is a keystone species, having a disproportionately large impact on its ecosystem relative to its abundance. Estes and colleague John Palmisano discovered that the kelp forests of the North Pacific are indirectly regulated by sea otters, which feed on sea urchins that consume kelp. The presence or absence of sea otters causes a cascade of direct and indirect effects down the food chain, which in turn affect the structure of the ecosystem. These early experiments inspired countless others on keystone species and trophic cascades in ecosystems throughout the world.  
KEY CONCEPTS 
A. Keystone species have direct and indirect effects on the abundance and number of species in an ecosystem that are disproportionately large relative to their own abundance in the ecosystem. 
B. Not all species in an ecosystem have strong interactions. The removal of some species has little or no effect on others. 
C. Many keystone species are apex predators: predators at the top of a food web that are not preyed on by others.  
D. Removal or addition of an apex predator that is a keystone species causes changes in the type and number of species, and their population sizes, at multiple trophic levels. 
E. Keystone species are critical to maintaining the diversity and stability of an ecosystem.  
F. Identifying the interactions among species in an ecosystem and determining how species numbers and population sizes are regulated requires experiments conducted over long time periods.


Sunflower Sea Star 2 minute video
National Geographic Sunflower Sea Star video (2 min). Take note of size and speed! This is the "star" of our instructional unit.  https://www.youtube.com/watch?v=BnJ8preFDdA&t=1s (Links to an external site.)[image: https://wou.instructure.com/images/play_overlay.png]
 
Their domain is in the subtidal zone, (deeper than where the lowest tides are observed) so even if you are a tide pooler, you have probably never seen one in person.  And now, sadly, they appear to be ecologically extinct in many of their former Pacific Coast habitats, so most divers don't have the opportunity to see them either.
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