Ecology:

“Is It Safe to Swim?” - Teacher Notes

Objective:


Students will classify bacteria from near-beach marine water samples, evaluate them for human pathogens and submit a report on the safety of beach users based upon their findings.

Is This For You:


This series of three lessons is designed for use with any of the following courses:

· High school biology

· AP Biology

· AP Environmental Science

· High School Biotech

· High School Ecology

In this module students work as microbiologists to classify near beach coastal waters and report to the local health department on whether or not the beaches should remain open.  There are recommended extensions of this basic module to tailor it to each of the aforementioned high school life science courses.  Students utilize Greengenes, an on-line bacterial classification tool to classify the bacteria in water samples they’ve “collected” (raw data files provided for submission to Greengenes).  They examine the results and utilizing an appendix on the Greengenes Tutorial page decide whether or not the water is healthy, justify their decision and submit a report to the teacher (acting as the public health department).   It incorporates concepts from units on DNA, biotechnology, classification, evolution, and ecology.  It is designed to be used in an ecology unit, drawing upon prior units – (see Prior Knowledge below).

CA State Standards (Biology – Grades 9-12):

· Direct application

· Ecology – 6b.  Students know how to analyze changes in an ecosystem resulting from changes in climate, human activity, introduction of nonnative species, or changes in population size. 

· Investigation & Experimentation – 1d.  Formulate explanations by using logic and evidence.

· Investigation & Experimentation – 1a.  Select and use appropriate tools and technology (such as computer-linked probes, spreadsheets, and graphing calculators) to perform tests, collect data, analyze relationships, and display data.
· Background Knowledge Reinforced

· Cell Biology – 1c.  Students know how prokaryotic cells, eukaryotic cells (including those from plants and animals), and viruses differ in complexity and general structure.

· Genetics – 5a.  Students know the general structures and functions of DNA, RNA, and protein.
· Extension Possibilities.  
· Physiology – 10b. Students know the role of antibodies in the body's response to infection.

· Physiology – 10d. Students know there are important differences between bacteria and viruses with respect to their requirements for growth and replication, the body's primary defenses against bacterial and viral infections, and effective treatments of these infections.

· Investigation & Experimentation – 1l.  Analyze situations and solve problems that require combining and applying concepts from more than one area of science.

· Investigation & Experimentation – 1m.  Investigate a science-based societal issue by researching the literature, analyzing data, and communicating the findings. Examples of issues include irradiation of food, cloning of animals by somatic cell nuclear transfer, choice of energy sources, and land and water use decisions in California.
What’s Needed:  

· Computers, one per student (or pair) [or computer access at school or home if done as an independent activity]

· High speed Internet connection

· Greengenes (http://greengenes.lbl.gov)

· Text and spreadsheet programs, (such as Word & Excel) on computers

· Networked printer

Time Involved:

· As an outside class project: 7-10 days to complete all three lessons.

· As an in-class project: 

· Each Lesson (3 lessons in module) –

· Alignment: 20 min

· Chimera: 20 min

· Classification: 20 min

· Report writing: 50 min + homework.

  
As an in-class assignment the teacher should plan on completing this module within two weeks, using part of the period to do the day’s assignment and the rest of the period on other, related lessons.  While none of the actual assignments is too time consuming the limiting factor is the time necessary for files to be returned from Greengenes.  It might be 5 minutes, in which case you could do Alignment, Chimera check and Classification from one lesson all in one period. However, if the Greengenes server is processing other larger jobs it could be a much longer wait for files to return.   

Prior Experience & Knowledge:  

· This module is intended for use after students have had the opportunity to become familiar with Greengenes through the Tutorial and Sample Data Lesson.  If you are not already familiar with the introductory lesson it is located at http://greengenes.lbl.gov/cgi-bin/JD_Tutorial/nph-Teachers.cgi , and is listed as Lesson 1: Using Greengenes & Tutorial (with Sample Data).  This lesson will take (parts of) four class periods for the reason mentioned above about returning files.  

· While students are not asked to perform any wet lab procedures it is recommended that they are at least familiar with the following biological concepts:

-DNA – structure and function


The files students submit to Greengenes to be classified are nucleotide sequences.  They should be familiar with what nucleotide bases are, what information they hold and how they differ from one species to another
-Ecology – relationship with and effects of humans on nature and vice versa.



The main point of this module is for students to examine biotic factors in a habitat and see how those factors change based upon human influence.  These changes within the biological community in turn affect the human population using that habitat.

-Evolution:

- chemical evidence for evolution (sim./diff. in DNA sequences)

- classification of organisms based on a recognized taxonomy



For a deeper understanding of what Greengenes is doing as it classifies the nucleotide sequences students should know how the DNA of an organism can be used to compare it to other species, looking for similarities and differences.  As well students should understand that different scientists have developed differing manners of interpretation of these similarities and differences in their methods of classifying bacteria and archaea. 
- Biotechnology:



DNA extraction



PCR



Gel Electrophoresis



Cloning bacteria 



While students are not required to do any of these wet lab procedures in this module they will have a deeper understanding of the biology involved in gathering nucleotide sequences from environmental sources if they have studied or performed these biotech processes.  
Extension Suggestions:
· High school biology

· Students can explore how other biotic members of the beach habitat (eukaryote, arcahea & bacteria) might also be affected by this pollution.  
· Students can do further research on one or more of the bacteria in this activity to discover what niche they naturally fill in the environment.  Alternately students could research one of the pathogenic bacteria to find out how specifically it infects humans and what the symptoms and diagnoses are.  
· Students can study the osmotic pressures that prevent fecal coliform bacteria from thriving in marine environments.
· AP Biology

· Students should read the 2007 Environmental Microbiology journal article on using Bacteriodes as a human fecal marker at an open coast marine beach (available as Appendix B at http://greengenes.lbl.gov/cgi-bin/JD_Tutorial/nph-Teachers.cgi under the “Is It Safe To Swim” in the Ecology Lessons).  Students could be directed to read and answer questions to start.  For further study students could determine which research and sampling methods were used.  They might also suggest avenues for further research on the subject.
· Students can evaluate the scientific method based on this article, looking at all the various portions of the research presented and how they reported it.  Can another researcher duplicate their tests?  Were clear conclusions made?  Were ideas posed for further research?
· Students can further investigate the pathogenic bacteria from this activity to see how in particular they affect and infect humans.  
· Students can compare the different bacteria such as fecal coliform and enterococci and survival rates in salt water.  Students could investigate factors such as a) osmotic pressures, b) bacterial structures like cell walls and spores & c) aerobic –vs- anaerobic respiration as reasons for differential survival.
· AP Environmental Science

· See AP Biology
· Read the article in Environmental Microbiology (see AP Bio) and pay particular attention to the “Experimental Procedures”.  Students can then study field sampling methodology in general and recommend better analysis of the coastal waters with improved methods for sampling in Costa Bonita.
· Students could complete the Community Forum extension module, focusing on all of the potential contaminants of the near beach coastal waters and not just WWTPs. 
· Students could do further research into coastal marine environments, beach geology and hydrology to determine other factors affecting Costa Bonita.  Are there physical environmental ways to improve the water quality in Costa Bonita?
· High School Biotech

· Complete some soil or water bacterial DNA extractions.  
· Perform a PCR to amplify the 16S rRNA gene
· Perform gel electrophoresis to check for PCR product
· Clone and submit for sequencing
· High School Ecology

· Students should complete the Community Forum extension module.
· Students can study field sampling methodology for better analysis of the coastal waters and define some improved methods for sampling in Costa Bonita.
· Students could do further research into coastal marine environments, beach geology and hydrology to determine other factors affecting Costa Bonita.  Are there physical environmental ways to improve the water quality in Costa Bonita?
Suggested Lesson Use:
· Before You Start:  

· Students should already have had the chance to work through the Greengenes Tutorial lesson so that they will be successful with what is asked of them in this module.

· Decide whether you are going to do this as an in-class assignment or one done on student time at home or after school.

· Decide whether you are going to have students work in pairs or alone.

· Beginning the Lessons:  

· Hand out Lesson 1 to students.  

· Have a student read the Introduction aloud in class.  Discuss the introduction and make sure all students understand the assignment.

· Have a student read the Purpose.  Discuss the purpose.  It may be necessary to review DNA extraction from a sample, PCR, gel electrophoresis, cloning bacteria and sequencing prior to starting on the lab.  While they won’t be doing any of these wet lab procedures the lab indicates what is being done and they should be familiar with it.

· Have students complete Lesson 1 on their own or in pairs as decided.  

· Dependent on your students’ skills you may need to teach them how to do a spreadsheet as required in the lessons.  

· Lessons 2, 3 & Conclusion:

· Once students have completed their spreadsheet and report for Lesson 1 and turned it in you can give them Lesson 2.  Students will repeat the process and turn in Lesson 2.  At that time you should hand out Lesson 3.  

· Allow time in class for students to discuss their findings and reports before moving on with the final report to be given to the City Council.
Assessment:
· Rubric to be developed for:

· Completion of Each Lesson (classification spreadsheet)

· Submitted Report for Each Lesson

· Final Report
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Rubric for Individual Lessons:

	
	Superior
	Satisfactory
	Unsatisfactory

	Formatting
	File is correctly named

30 columns, 6 for each
	
	

	Accuracy
	Genus & Species for each of the 12 samples

Listed as pathogenic or not
	
	

	
	
	
	


