
Senior Capstone Proposal for BIO 471C, Microbial Ecology 

Proposal Contact: Maribeth Watwood, Professor of Microbiology, representing the Cell, 
Molecular and Microbiology group of the Department of Biological Sciences. 

The NAU Department of Biological Sciences offers a Bachelors of Science Degree in 
Microbiology.  The current Microbiology program consists of two emphases, Pre-Health 
Professions and General Microbiology.  The Cell, Molecular and Microbiology (CMMB) group 
of the department is   charged with periodic review and oversight of the Microbiology program 
curriculum.  Recently attempts have been made by the CMMB group to update the program in 
order to offer our students more flexible curricular options and degree options ideally suited for 
entry into 21st century careers or graduate programs.  We therefore proposed 2 modified 
emphasis areas within the program, Biomedical Microbiology and Applied and Environmental 
Microbiology.  These emphasis areas will replace the existing areas.  The curricular requirements 
within each new emphasis area have been revised, with pivotal new courses being developed and 
a few key substitutions also planned.  These curricular changes were approved by the UCC last 
spring.  Within this context, the existing senior capstone course, BIO 401C, Immunology, 
remains a viable option for the Biomedical Microbiology emphasis area, but a more appropriate 
capstone is needed for the Applied and Environmental Microbiology area.  BIO 471, Microbial 
Ecology, which has been offered historically through the Biological Sciences Department, offers 
an ideal option for this capstone.  We are submitting this proposal to create a new course, BIO 
471C, to serve as the senior capstone for the Applied and Environmental Microbiology emphasis 
area is an important component of our overall curricular goals for the Microbiology program.  
Approval of the capstone course is the only remaining component of this curricular package 
awaiting approval. 

Students working toward a BS in Microbiology through the Applied and Environmental 
Microbiology emphasis area will take required courses in fundamental and environmental 
microbiology.  They will choose from electives emphasizing genetics, molecular and cell 
biology, and will also be able to choose from a substantial list of broad ranging electives that 
represent disciplines relevant to the current field of Applied and Environmental Microbiology.  
BIO 471, Microbial Ecology, is ideally suited as a senior capstone for this area, because the 
course actively and deeply involves students in the primary literature of microbial ecology.  
Microbial ecology is by definition a field that synthesizes information regarding microorganisms 
and their various activities with observations of ecosystem function and environmental impacts.  
In short, much of the material covered earlier in the students’ programs will be integrated 
effectively and applied to specific questions being actively pursued regionally, nationally and 
globally.  Students will also complete a detailed and extensive writing assignment, an NSF-
styled research proposal.  They will submit a first draft, receive feedback, submit the final draft, 
then review each others’ work in the context of a mock review panel. 

Drs. Bruce Hungate (Biolgoical Sciences) and Nancy Johnson (Environmental Science and 
Biological Sciences) have team-taught BIO 471 for several years and have received consistently 
outstanding student evaluations.  The course is not textbook oriented; in fact all readings in the 
course are from the primary literature.  Assessment in the course is based on examinations and 
detailed writing assignments. In addition, the course is heavily focused on group discussions of 
scientific papers, and students are required to make thoughtful and substantial contributions to 
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classroom discussions.  Participating in a course structured entirely on primary literature, rather 
than on a textbook with lectures, is often a unique experience for students.  This format allows 
them to become comfortable not only in gathering current information, but also in critically 
evaluating strengths and flaws of scientific literature and in recognizing connections between 
papers and relevance of individual contributions to the overall field.  These skills are critical for 
the development of young scientists, but are often missing from a Bachelor’s level curriculum.  
This senior capstone course will provide this necessary educational component and will complete 
the portfolios of students pursuing this emphasis area.   

BIO 471, Microbial Ecology, immerses students in a semester-long exploration of scientific 
reading and writing.  Learning outcomes for this course make it ideally suited for a capstone 
experience.  Students are required to read numerous peer-reviewed publications covering various 
topical issues in the field of microbial ecology.  Students then participate in discussions, in which 
they are graded based on their contributions, which link this primary literature with concepts 
covered previously in the students’ programs.  They write a full-scale research proposal 
consisting of two drafts.  They participate in a mock review panel, critically evaluating all of the 
student proposals.  These experiences develop effective critical reading, effective writing, and 
effective oral communication skills; course assessment instruments demonstrate students’ 
competencies in these areas.   

In order to succeed in BIO 471C students must enter the course with an understanding of core 
concepts of Applied and Environmental Microbiology.  These will include, but are not limited to, 
fundamental microbiology, cellular structure and function, microbial growth dynamics, basic 
microbial genetics and molecular analysis, biotechnological applications, water quality and water 
treatment, communicable disease transmission and prevention, microbial interactions with plants, 
animals and other microbes, and microbial contributions to elemental cycling.  Throughout the 
course students will make intellectual linkages between these core concepts and topics in the 
current literature. Students who successfully complete the examinations, written assignments and 
grading based on group discussion contributions, will clearly demonstrate understanding of the 
core concepts of their program as well as the relevance and application of these concepts. 

As per NAU guidelines, students taking BIO 471C as their senior capstone course will complete 
the following assignment in addition to the other assessment instruments of the course: 

"Write a cover statement for your learning portfolio in which you explain how the pieces in your 
portfolio link what you have learned in your major to what you have learned in your liberal 
studies program. In this statement, you should discuss your strengths and describe your goals for 
your future development." 
 
Microbial Ecology, BIO 471C, will be offered for 3 credits.  
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COLLEGE OF ENGINEERING AND NATURAL SCIENCES 
BIO 471 Microbial Ecology 

3 credits, prerequisites BIO 205  
 

Instructors: Bruce Hungate, office:  BC 214, Office hours: xxxx or by appointment  
phone: 3-0925, E-mail: Bruce.Hungate@NAU.edu 
 
Nancy Johnson, office:  PS124, Office hours: xxxx or by appointment 
phone: 3-6473, E-mail Nancy.Johnson@NAU.edu 

 
Course Description:  This course explores microbial evolution and population, community, and 
ecosystem ecology of microorganisms with an emphasis on microbial interactions with plants 
and animals, ecosystem processes, and the roles of microorganisms in biogeochemical cycles. 

Student Learning Expectations / Outcomes for this Course:  In order to succeed in BIO 471C 
students must enter the course with an understanding of core concepts of Applied and 
Environmental Microbiology.  These will include, but are not limited to, fundamental 
microbiology, cellular structure and function, microbial growth dynamics, basic microbial 
genetics and molecular analysis, biotechnological applications, water quality and water 
treatment, communicable disease transmission and prevention, microbial interactions with plants, 
animals and other microbes, and microbial contributions to elemental cycling.  Throughout the 
course students will make intellectual linkages between these core concepts and topics in the 
current literature. Students who successfully complete the examinations, written assignments and 
grading based on group discussion contributions, will clearly demonstrate understanding of the 
core concepts of their program as well as the relevance and application of these concepts. 

Course structure / approach:  BIO 471, Microbial Ecology, immerses students in a semester-
long exploration of scientific reading and writing.  Learning outcomes for this course make it 
ideally suited for a capstone experience.  Students are required to read numerous peer-reviewed 
publications covering various topical issues in the field of microbial ecology.  Students then 
participate in discussions, in which they are graded based on their contributions, which link this 
primary literature with concepts covered previously in the students’ programs.  They write a full-
scale research proposal consisting of two drafts.  They participate in a mock review panel, 
critically evaluating all of the student proposals.  These experiences develop effective critical 
reading, effective writing, and effective oral communication skills; course assessment 
instruments demonstrate students’ competencies in these areas. 
 
Required Readings: Articles available through the Cline Library webpage  
 
Article reviews (100 points): Students will be required to write reviews of scientific articles. At 
least one week before each review is due, review questions will be e-mailed to you. Your written 
reviews are worth 10 points each, and they will be collected at the beginning of class.  Late 
reviews will not be accepted because we will discuss the answers to the questions during class. 
To accommodate absences, you can drop your lowest two review scores. 
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Assessment (Grading): 
 
Point distribution:   Article Reviews    100 points  
   Research Proposal    75 points 
   Peer review of proposals   15 points 
   Leading panel discussion   10 points 
   Exam questions    10 points 
   Midterm exam   100 points 
   Final exam               150 points 
 
   Total points                           460 points 
 
Assessment of course grade:  A > 90%, B > 80%, C > 70%, D > 60% F < 60% 
 
Research proposal (75 points): 
All undergraduate students will be required to submit a 10-page, typewritten, double-spaced 
research proposal targeting a relevant aspect of microbial ecology.  The proposal must include a 
literature review with citations, a statement of objectives, a research plan (including a brief 
description of methodology), and a time frame for the proposed research activities. A first draft 
of the proposal will be submitted, and suggestions for revision will be provided.  The final draft, 
of professional quality, will then be submitted.  All proposals will undergo written and oral panel 
peer-review (see below). 
 
Peer Review (25 points): Each student is required to review three research proposals written by 
other members of the class.  Reviews must evaluate 1) significance of the proposed research for 
the field of microbial ecology, 2) soundness and novelty of the proposed methods, and 3) clarity 
of presentation.  Reviewers must also advise the review panel on the disposition of the proposal 
(i.e. must fund, strongly recommend for funding, recommend for funding if funds are available, 
do not fund).  Each student will be assigned as a “lead reviewer” for one of the three proposal 
that they review.  Lead reviewers will be responsible for describing the proposal (in ~ 4 to 5 
minutes), facilitating the panel discussion, and writing a one-page panel summary.  
 
Exams (250 points): There will be one mid-term and a final exam.  The mid-term will cover 
material during the first half of the course, and the final will cover all material presented during 
the course, with an emphasis on material from the second half.  Exams will cover all material 
presented in lecture and assigned readings.   
 
Exam questions (10 points): One week before each exam students must submit five questions 
and answers via e-mail.  These questions will be collated, annotated, and e-mailed to each 
student as a study aid.  Renditions of some of these questions may be incorporated into the 
exams.   
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Tentative Schedule 

Date Topics 
 

Reading Assignments 

 Introduction (start History)  
 History of microbial ecology. Kuperberg 2003, Chung and Bryant 1997, Hungate 1979 
 Earth history 1  Schopf 1992, Copley 2003 
 Earth history 2  
 discussion  
 Biological evolution  Morell 1999, Appenzeller1999, Cohan 1996 
 Antibiotic resistance Levy 1997, Pennisi 2004 
 discussion  
 Microbial diversity Finlay 2002, Torsvki et al. 2002. 
 Bacterial lineages  Woese 1990, Doolittle, 1999, Morell, 1997  
 Discussion  
 Methods: stable isotopes and other 

non-community analysis 
approaches 

Boschker & Middleburg 2002; 
Taylor, et al. 2002 

 Methods: lipid analyses fatty acid 
profiles  

Zelles 1999 

 Discussion  
 The abiotic environment Michaelis et al. 2002 
 The lithosphere Newman & Banfield 2002, Kerr 2002 
 Discussion Johnson 1998 
 The hydrosphere Gastol 2002  
 The atmosphere Sattler et al. 2001  
 The Mid-term exam  
 Community analysis  DeLong  2002, Ranjard et al. 2000 
 Intra and Inter-specific Interactions  
 discussion  
 Endosymbiosis Lopez-Garcia and Moreira 1999,  
 Biofilms – guest lecture Wimpenny et al 2000 
 discussion  
 SPRING BREAK  
 discussion  
 Animal-Microbe Interactions  Distel, 1998; Rokas 2000, Rigaud 1999, Weeks et al. 2002 
 Plant-Microbe Interactions Bonkowski et al., 2000 
 discussion Lindow and Leveau 2002 
 Mycorrhizae and Global Change  Rillig 2004 
 Bioremediation  
 discussion Shively et al. 2001 
 Element cycles Overmann and van Gemerden 2000 
 Global Change Hu et al. 1999 
 discussion Burd et al. 2002, Law and Ling 2001 
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 Student presentations of research 
proposals 

 

 Student presentations of research 
proposals 

 

 Student presentations of research 
proposals 

 

 Student presentations of research 
proposals 

 

 Panel discussion of research 
proposals  

 

 Course REVIEW  
 FINAL EXAM 10-12 AM  

 
** Written reviews are due each Friday before the discussion, except for mid-term week. Late 
reviews will not be accepted; however, you can drop your lowest two review scores.   

 
 

NORTHERN ARIZONA UNIVERSITY  
POLICY STATEMENTS 

SAFE ENVIRONMENT POLICY  
NAU’s Safe Working and Learning Environment Policy seeks to prohibit discrimination and 
promote the safety of all individuals within the university.  The goal of this policy is to prevent 
the occurrence of discrimination on the basis of sex, race, color, age, national origin, religion, 
sexual orientation, disability, or veteran status and to prevent sexual harassment, sexual assault 
or retaliation by anyone at this university.  

You may obtain a copy of this policy from the college dean’s office.  If you have concerns about 
this policy, it is important that you contact the departmental chair, dean’s office, the Office of 
Student Life (928-523-5181), the academic ombudsperson (928-523-9368), or NAU’s Office of 
Affirmative Action (928-523-3312).  

STUDENTS WITH DISABILITIES  
If you have a documented disability, you can arrange for accommodations by contacting the 
office of Disability Support Services (DSS) at 928-523-8773 (voice), 928-523-6906 (TTY). In 
order for your individual needs to be met, you are required to provide DSS with disability related 
documentation and are encouraged to provide it at least eight weeks prior to the time you wish to 
receive accommodations. You must register with DSS each semester you are enrolled at NAU 
and wish to use accommodations.  

Faculty are not authorized to provide a student with disability related accommodations without 
prior approval from DSS. Students who have registered with DSS are encouraged to notify their 
instructors a minimum of two weeks in advance to ensure accommodations. Otherwise, the 
provision of accommodations may be delayed.  

Concerns or questions regarding disability related accommodations can be brought to the 
attention of DSS or the Affirmative Action Office.  
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INSTITUTIONAL REVIEW BOARD  
Any study involving observation of or interaction with human subjects that originates at NAU—
including a course project, report, or research paper—must be reviewed and approved by the 
Institutional Review Board (IRB) for the protection of human subjects in research and research-
related activities.  

The IRB meets once each month.  Proposals must be submitted for review at least fifteen 
working days before the monthly meeting.  You should consult with your course instructor early 
in the course to ascertain if your project needs to be reviewed by the IRB and/or to secure 
information or appropriate forms and procedures for the IRB review.  Your instructor and 
department chair or college dean must sign the application for approval by the IRB.  The IRB 
categorizes projects into three levels depending on the nature of the project:  exempt from further 
review, expedited review, or full board review.  If the IRB certifies that a project is exempt from 
further review, you need not resubmit the project for continuing IRB review as long as there are 
no modifications in the exempted procedures.  

A copy of the IRB Policy and Procedures Manual is available in each department’s 
administrative office and each college dean’s office.  If you have questions, contact Carey 
Conover, Office of Grant and Contract Services, at 928-523-4889.  

ACADEMIC INTEGRITY  
The university takes an extremely serious view of violations of academic integrity.  As members 
of the academic community, NAU’s administration, faculty, staff and students are dedicated to 
promoting an atmosphere of honesty and are committed to maintaining the academic integrity 
essential to the education process.  Inherent in this commitment is the belief that academic 
dishonesty in all forms violates the basic principles of integrity and impedes learning.  Students 
are therefore responsible for conducting themselves in an academically honest manner.  

Individual students and faculty members are responsible for identifying instances of academic 
dishonesty.  Faculty members then recommend penalties to the department chair or college dean 
in keeping with the severity of the violation.  The complete policy on academic integrity is in 
Appendix F of NAU’s Student Handbook.  

ACADEMIC CONTACT HOUR POLICY  
The Arizona Board of Regents Academic Contact Hour Policy (ABOR Handbook, 2-206, 
Academic Credit) states:  “an hour of work is the equivalent of 50 minutes of class time…at least 
15 contact hours of recitation, lecture, discussion, testing or evaluation, seminar, or colloquium 
as well as a minimum of 30 hours of student homework is required for each unit of credit.”  

The reasonable interpretation of this policy is that for every credit hour, a student should expect, 
on average, to do a minimum of two additional hours of work per week; e.g., preparation, 
homework, studying.  
 


