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 Introduction

For many years, the Coe College Wilderness Field Station (CCWFS) has provided the setting for a natural laboratory to allow the study of organisms and processes outside of the classroom.  Many students have had the opportunity to take what they have learned in the classroom and apply it to observations and studies in the environment.  Even though the CCWFS has a broad range of class topics, they have focused primarily on one domain of life, the Eukaryotes.  The other two domains compose a significant percentage of the biomass on Earth.  Furthermore, their function in global cycling of elements and nutrients is of utmost importance.  The CCWFS provides a wonderful location to study the Bacteria and Archaea of aquatic and terrestrial habitats found in northern Minnesota.  The microorganisms and habitats that are present in the BWCA area have excellent application to topics of global importance.
The class will feature lectures, discussions, and experiments on the microbes and their habitats native to the BWCA region.  Through lectures, students will learn the essentials of Bacteria and Archaea so that they have a working knowledge of these organisms.  This will allow further lecture into processes which they help to catalyze in the environment.  Discussion of primary literature provides a history and experimental framework to fit these organisms into.  Other discussion will be conducted in the field covering in situ observations and, once again, relating these observations to their role in a more global context.  The experimental portion of the class will allow the organisms from lectures, field observations, and discussions to be visualized.  This is an important component for microbiology, as the study subjects are rarely seen, especially in the modernization of the field and the lack of culturing work.  Many microbiologists have told me over and over, “To know them is to grow them,” and this is a motto I will live and teach by.  Using these three paths, the class will take students from fossilized evidence of microbes to the diversity of metabolisms employed by the wide diversity of organisms found today and also the techniques and methods used to identify these organisms.  
There are several microbiology projects that can be conducted with ease at the CCWFS.  Utilizing classical bacteriology techniques, organisms of particular physiological group may be cultured and enumerated and conclusions about diversity, abundance, and their role in the environment can be made.  While much of the research being conducted in the environmental microbiology field is basic research, there are many applied projects underway as well.  This class will attempt to strike a balance between the two with the hopes of attracting students that would like to pursue careers in academia as well as industry.    
Provided here is one functional example of why the location of the C.C.W.F.S. is ideal for the study of Environmental Microbiology.  From its location on Low Lake, students at the CCWFS have the ability to study methanogenesis in surrounding bogs and lake sedimentsafter a 15 minute paddle.  With the increase of attention being given to climate change, habitats that are sources of greenhouse gases, such as methane, are receiving increased attention from the National Science Foundation and U.S. Department of Energy.  Scientists now have the funds to support research in these areas in an attempt to understand how they function and their role in the model of a warming planet.  

 Long Course Description


Bacteria and Archaea are essential players in the cycling of nutrients, elements, and biomass in every ecosystem in the world.  The Coe College Wilderness Field Station is an excellent location to study microbial processes occurring in terrestrial and aquatic habitats of northern Minnesota.  We will use a combination of classic bacteriology techniques, discussions of primary literature and in situ discussions to study microbes in the environment.  Students will be introduced to the vast assortment of metabolisms employed by microorganisms; their role in the habitats present in the BWCA; and the opportunity to develop, conduct, and analyze an individual research project.  The class will carry an emphasis on those organisms that are major players in habitats unique to the BWCA, while also addressing their application to global cycles.  Students interested in environmental microbiology; environmental, chemical, or biological engineering; geochemistry; or geomicrobiology will benefit greatly from participation in this class. 
Tentative Sylabus*
Day 1- Distribution of 5 key papers that will be used as discussion points throughout the course.  Setup of Winogradsky columns from Low Lake sediment and bog sediment.  Assign readings from Brock Biology of Microorganisms 10th ed. Canoe and WFS orientation.
Key papers:

Barghoorn, E.S., S.A. Tyler. 1965. Microorganisms from the Gunflint Chert. Science 147:563-577. 

Blakemore, R.P. 1982. Magnetotactic Bacteria. Ann Rev Microbiol 36:217-238
Madigan, M.T. 2005. Anoxygenic Phototrophic Bacteria from Extreme Environments, p. 969-983, Discoveries in Photosynthesis.   

Priscu J.C., et al. 1998 Perennial Antarctic Lake Ice: An Oasis for Life in a Polar Desert. Science  280:2095-2098.
Myers and Nealson 1992. Bacterial iron and manganese reduction. AEM
Day 2- Morning lecture on basics of microbiology “What are Prokaryotes”
Afternoon lecture “Putting Bacteria and Archaea into a global context”
(Assign readings from Brock Biology of Microorganisms and Assignment of 3 hypotheses that are relevant to environmental microbiology in the BWCA)

Day 3- Morning lecture on microbial metabolisms (heterotrophs, autotrophs, lithoautotrophs, micronutrient requirements, etc.)

Afternoon walk along Cloquet line and shore of Low Lake to discuss habitats that morning lecture highlighted and tie in metabolisms that could be present in the habitats. Night discussion of project ideas and how to write a scientific paper.
Project possibilities: (1-10 scale of feasibility, 1 representing easy to do at WFS and 10 representing not possible at WFS)

1. Characterization of coliform bacteria from different lakes in and around the BWCA, correlating human disturbance to coliform abundance (6)

2. Cultivation of Shewanella from selected habitats around Low Lake (5)

3. Identification and isolation of Magnetotactic bacteria from a variety of habitats using magnet/microscope assay (5)

4. Heterotrophic enumeration of different habitats – Oligotrophic compared to eutrophic, forest floor under a pine forest (4)

5. Fecal communities from scat of different animals (5)
6. Connecting limnological data to microbial communities present (relating Secci disk measurements and O2 measurements to presence of filamentous cyanobacteria) (7)
7. Exploring the microbial diversity at the oxic/anoxic interface in a lake’s water column (6)
8. Winogradsky column qualitative analysis (4)   

9. Isolation of hydrocarbon degrading organisms from the generator shed floor (10)
Day 4- Morning individual discussions about projects. 
Afternoon methods and techniques in environmental microbiology
Evening individual project time
Day 5- Morning discussion about short trip route, food, equipment, etc.

Afternoon trip to bog for discussion about methanogenesis, methanotrophy, and C cycles
Evening discussion over one key paper 
Day 6- Morning discussion about 3 hypotheses students generated and how theses could be tested in laboratory setting and how we will test them at the CCWFS
Packing for short trip (morning discussion is flexible to accommodate WFS staff packing schedule)

Day 7- Leave for short trip.

Day 8- Short trip –
(Discussion about one observation from each student’s observation notebook)

Day 9- Short Trip

(Discussion about one key paper)

Day 10- Return from short trip 

Day 11- Morning lecture on Antarctic Microbiology, microbial coping mechanisms for extreme environments, and the connections to winter survival in northern MN
Day 12- Morning discussion about microbe interactions with animals found in the BWCA. (Fish, ruminants, beavers, etc.) 

Afternoon canoe to waterfall for discussion of biofilms and their role in microbial ecology.

Evening “lab” meeting, which is an open discussion about the successes and trouble points with each student’s project (allows for critical thinking about other students projects)
Day 13- Field trip to Tower/Sudan mine for discussion and in situ exploration of the geological strata present.  Further discussion on the survival and persistence of microbial communities with out input from the photosphere and functional depth of the biosphere. 

(If the field trip is not possible, then Morning is time to work on project and Afternoon is a lecture on seasonality in microbial populations)    
Day 14- Morning Mid term test
Afternoon packing for long trip
Long Trip – Try to make it east and possibly see the Gunflint Iron Formations and Gunflint basalt with microfossils (~1.9 billion year old fossils of filamentous cyanobacteria, the earliest, unanimously agreed upon biogenic microfossil) 
Discussions along the way as teachable points come up, these may include: 

1. Function of microbes associated with lichens

2. More on biofilms

3. Discussion of Barghoorn and Tyler 1965 Key Paper

4. Discussions stimulated from the students observation journals

Day 23- Morning individual time for projects, cleaning, and rest.
Afternoon Lecture on N and P cycles
Day 24- Morning lecture on Geomicrobiology
Afternoon “Lab” meeting coving individual projects  
Day 25- Morning lecture on Geomicrobiologically relevant cycles
Afternoon discussion of key paper  
Day 26- Morning canoe to observe geomicrobiological relevant processes occurring Afternoon Individual study time with instructor available for question (or review session if class wants) 
Day 27- Morning Final Test

Afternoon Individual project time
Day 28- Class wrap up
*Currrent plans: subject to modification as weather and rate of course progression dictate.
 Evaluation Criteria
Discussion participation and leadership of one key paper discussion – 100 pts

3 hypotheses assignment – 50 pts

Mid-term test – 100 pts

Observation notebook – 50 pts

Final exam – 100 pts

Final Lab report – 100 pts

Total – 500 pts

