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DEMOCRATIC EDUCATION AT CAL: THE OCEAN 

 

1. What is the nature of the subject matter or content of the course?  

 

This course seeks to cover a variety of topics relevant to understanding the ocean. The 

class will be structured with a primarily biological focus, using a phylogenetic structure to cover 

marine taxa. Each week will be centered around one or two phyla, and will use the organisms of 

the group to cover anatomy and physiology, evolutionary relationships, natural history, and a 

related physical science concept. Physical science topics will be interdisciplinary and incorporate 

aspects of chemistry and physics, however, no scientific background is necessary to enroll.  

 

2. What are the key learning outcomes? (What will students be expected to know 

or be able to do as a result of this course?)  

 

Gain understanding of:  

● Anatomy and physiology  

● Evolution and phylogenetic relationships  

● Ocean chemistry  

● Climate & ocean circulation  

● Basic earth history  

 

3. What are the methods of instruction (e.g., lecture, discussion, collaborative 

learning, etc.)?  

 

Each week will consist of a 1.5 hour lecture with relevant video clips, and will have a 

homework assignment covering a scientific paper relevant to the material. There will be three 

field trips offered throughout the semester (tidepooling, bird watching, and California Academy 

of Sciences). The course will conclude with a creative assignment centered around the student’s 

favorite subject material, which can be collaborative or individual.  

 

4. How will student performance be evaluated? (What will students be required to 

do to pass the class, and how much weight will each requirement have toward the 

final grade?)  

 

Attendance 50% 

Assignments 25% (5 assignments) 

Field Trips 10% (attend 1 out of 3 given trips for credit) 

Final Creative Assignment 15% (video, painting, song or other) 

 

5. How will the instructor of record supervise the student course facilitator(s)?  

Instructor of record, Seth Finnegan, will receive a weekly email update of the subjects 

covered (class instructor notes, student grade updates, etc.) and will meet in person once a 

month to make sure subject matter covered is on track and accurate.  
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Each Lecture will consist of:  

● Form & function of that week’s marine taxa  

○ Body plan, unique adaptations, anatomy and physiology  

● Natural history  

○ Habitat, behavior, ecological interactions, social structure and cognition  

○ Human use and conservation  

● Physical Science Concept  

○ Climate, ocean chemistry, plate tectonics, etc.  

 

Week of  

August 27:  Introduction: an Overview of Phylogeny  

● Simple explanation of phylogenetic trees and biological terms likely to be used in course 

● Go through phylogenetic tree to gain understanding of where each marine taxa lies  

● Brief overview of plankton and worms  

 

 

September 3: Invertebrates: Porifera, Echinoderms 

● Biological concepts:  

○ Base of tree of life 

○ Basic principles of evolution  

○ Biomedical uses of sponges & echinoderm toxins  

● Physical science concepts:  

○ Bikini Atoll, bomb tracers in today’s oceans  

 

Weekly reading: Guyer, R. L. (2001), Radioactivity and Rights: Clashes at Bikini Atoll, American 

Journal of Public Health 91(9), p. 1371-6.  
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September 10: Invertebrates: Cnidaria, Ctenophora  

● Biological concepts: 

○ Bioluminescence  

○ Coral bleaching  

● Physical science concepts:  

○ Nucleosynthesis, origin of the solar system  

 

Weekly reading: Neil Degrasse Tyson, Astrophysics for People in a Hurry (2017), excerpt: “The 

Greatest Story Ever Told.” 

 

September 17: Invertebrates: Mollusca 

● Biological concepts:  

○ Cephalization & intelligence  

● Physical science concepts:  

○ Calcium carbonate isotope records, paleoclimate reconstruction  

○ Global warming  

 

Weekly reading: Petit, J.R. et al. (1999), Climate and atmospheric history of the past 420,000 

years from the Vostok ice core, Antarctica, Nature 399 p. 429-35. 

 

September 24: Invertebrates: Arthropoda 

● Biological concepts:  

○ Invasion of land  

○ Hox genes 

● Physical science concepts:  

○ Atmospheric circulation, El Nino/La Nina  

 

Weekly reading: Pavlopoulos, A. et al. (2009), Probing the evolution of appendage specialization 

by Hox gene misexpression in an emerging model crustacean, PNAS 106(33) p. 13897-902. 
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October 1: Vertebrates: Chondrichthyes  

● Biological concepts:  

○ Evolution of predation  

○ Cambrian explosion  

● Physical science concepts:  

○ Coriolis force and Ekman transport 

○ Surface currents 

 

Weekly reading: Marshall, C.R. (2006), Explaining the Cambrian “Explosion” of Animals, 

Annual Review of Earth and Planetary Science 34, p. 355-84.  

 

October 8: Vertebrates: Fish, Shallow & Pelagic Water 

● Biological concepts:  

○ Niche partitioning  

○ Food webs  

○ Fisheries  

● Physical science concepts:  

○ Plate tectonics  

○ Zones of the ocean 

○ Thermohaline circulation  

 

Weekly reading: Hallam, A. (1975), Alfred Wegener and the Hypothesis of Continental Drift, 

Scientific American 232(2) p. 88-97. 

 

October 15: Vertebrates: Fish, Deep Sea 

● Biological concepts:  

○ High pressure physiology  

○ Origin of life hypothesis  

● Physical science concepts:  

○ Deep sea ocean exploration  

○ Seafloor spreading & hydrothermal vent systems 

 

Weekly reading: Martin, W. et al. (2006), Hydrothermal vents and the origin of life, 

Microbiology 6, p. 805-14. 

 

October 22: Vertebrates: Marine Reptiles 

● Biological concepts:  

○ Extant vs. extinct  

○ Fossil record  

● Physical science concepts:  

○ Mass extinctions  

 

Weekly reading: Barnosky, A.D. et al. (2011), Has the Earth’s sixth mass extinction already 

arrived? Nature, 471 p. 51-7. 

 

October 29: Vertebrates: Sea Birds  

● Biological concepts:  

○ Migration  
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○ Mating patterns  

○ Evolution of flight  

○ Darwin’s finches  

● Physical science concepts:  

○ Hotspot tracks, volcanism  

 

Weekly reading: Charles Darwin, Voyage of the Beagle (1839), excerpt: “Chapter XIX.” 

 

November 5: Vertebrates: Pinnipeds and Sea Otters 

● Biological concepts:  

○ Dive physiology  

○ Navy use of marine mammals  

○ Re-entry of sea  

○ Kelp forest  

 

Weekly reading: Uhen, M.D. (2007), Evolution of Marine Mammals, Back to the Sea After 300 

Million Years, The Anatomical Record 290, p. 514-22.  

 

November 19: THANKSGIVING, NO CLASS 

 

November 26: Vertebrates: Cetacea & Mysticeti 

● Biological concepts:  

○ Eusocial behavior  

○ Altruism  

○ echolocation 

● Physical science concepts:  

○ Earth’s magnetic field  

 

Weekly reading: King, S.L. and Janik, V.M. (2013), Bottlenose dolphins can use learned vocal 

labels to address each other, PNAS 110(32) p. 13216-21.  

 

December 3: Project Presentations 

● Wrap-up, summary of phyla, discussion of marine science & integrative biology majors, 

opportunities to get involved with research at Cal  
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