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Lesson Title:  Designing Experiments to Learn About the Effects of Environmental Conditions on Aquatic Organisms – Simple Inexpensive Duckweed and Brine Shrimp Bioassays
Subject/Level: 8th Grade Science; Can be readily adapted to use with grades 9 to 12

Background:  This lab experience is a key component of my Kenan project. I use these lab experiments to teach the scientific method in my class.  There are several objectives to this lesson.  I want students to: 1) Gain experience designing and conducting science experiments using the scientific method; 2) Experience the kinds of research that an aquatic biologist might do in the lab to obtain insight into an environmental problem; 3) Understand  that scientific research is a process that involves a series of experiments each of which provides some insight, but also raises more questions that can be answered through further experiments;  4) Understand that environmental conditions affect the survival and growth of organisms.  

Abstract:  Students will design and conduct at least four lab experiments that examine the effects of environmental conditions on the survival and growth of aquatic organisms.  They will use information gained in the first experiments to design and conduct follow up experiments.  

Students will use the knowledge gained from their lab research to write a fictitious endangered species plan that will protect their organism from going extinct. 

Lesson fundamental understandings: 

1) Gain experience designing and conducting science experiments using the scientific method. 

2)  Experience the kinds of research that an aquatic biologist might do in the lab to obtain insight into an environmental problem. 

3) Understand that scientific research is a process that involves a series of experiments each of which provides some insight, but also raises more questions that can be answered through further experiments.  

4) Understand that environmental conditions affect the survival and growth of organisms.

5) Understand how data from lab experiments can be used to protect organisms in the environment. 

Essential questions: 

1) What is the scientific method and how does it work?

2) How does a scientist learn about an organism’s environmental requirements?

3) Why is the scientific method a process? 

4) What kinds of environmental conditions affect the survival and growth of aquatic organisms?

5) What is an endangered species and how do science and society protect them?

North Carolina State Standards:

1.01 Identify and create questions and hypotheses that can be answered through scientific investigations.  

1.03  Apply safety procedures in the laboratory and in field studies.

1.04  Analyze variables in scientific investigations

1.05  Analyze evidence to explain observations, make inferences and predictions, and develop the relationship between evidence and explanation. 

1.06  Use math to gather, organize and present quantitative data resulting from scientific Investigations

1.08 Use oral and written language to communicate findings, defend conclusions etc. 

3.03 Evaluate evidence that Earth’s oceans are a reservoir of nutrients, minerals, dissolved gases and life forms. 

3.04 Describe how terrestrial and aquatic food webs are interconnected. 

3.05 Analyze hydrospheric data over time to predict the health of a water system including: temperature, dissolved oxygen, pH, nitrates, turbidity, and bioindicators

3.06 Evaluate technologies and information systems used to monitor the hydrosphere. 

3.07 Describe how humans affect the quality of water. 

3.08 Recognize that the good health of environments and organisms requires: monitoring of the hydrosphere, water quality standards, methods of water treatment, maintaining safe water quality, stewardship

4.09 Describe factors that determine the effects a chemical has on a living organism including exposure, potency, dose, individual susceptibility, and means to eliminate or reduce effects. 

Prerequisite Skills:  Students must: 1) Understand that chemicals and other conditions in the environment can be toxic to organisms.  2) Have a basic understanding of water quality and water pollution.  3) Have a general understanding of the steps of the scientific method.

 4) Understand the concept of endangered species and how endangered species plans are used to prevent extinction. 

Safety Precautions:  Students should wear goggles and gloves when mixing solutions and handling containers. Aprons may be advisable for some test substances.  Students should not be allowed to test chemicals that are potentially harmful to themselves.  Limit students choice of environmental conditions to things such as pH, fertilizer, sediment, oil, light, temperature etc. 

Materials and Equipment:  small plastic dishes (Petri dishes are nice, but yogurt cups, pudding cups etc work fine.  These can be covered with a plastic transparency.), tape and markers to label dishes, pipettes, source of organisms (duckweed, brine shrimp etc.), Instant Ocean, if brine shrimp are used, background information on the aquatic organism, forceps, small paint brushes, beakers, graduated cylinders, microscopes or hand lenses, water, samples of  “pollutants” to be tested, goggles, gloves

Time Requirements: Students will conduct lab bioassays that will run for ~7 days. An initial class period (50 minutes) will be required for planning the experiment and creating the data table and graph.  The second class period will be used to set up the experiment and record data for the start of the experiment. After this, students should check and record the survival/growth of their organisms every 48 to 72 hours (20 minutes per check). On the final day of the experiment students will need a full class period to record data, clean up their equipment and complete their lab reports. An additional 50 minute period is needed for students to share their results with the class. Following the completion of the first experiment, students will repeat the process. They will design and conduct a second experiment that will have similar time requirements.  Total time for both experiments: seven 50 minute periods and four 20 minute periods.  Several weeks later have students repeat the process with an aquatic animal (brine shrimp etc.) This will require an additional seven 50 minute periods and four 20 minute periods.  The endangered species plan can be done by each student for homework.  Or the endangered species plan could be done as a group project.  Allow three 50 minute periods for preparation of the endangered species plan.  Allow one 50 minute period for groups to present their plans to the class. 

Assessment:  Lab 1 - Group Lab Report; Lab 2 - Individual Lab Reports; Endangered Species Plan – Group Report and PowerPoint presentation

Teacher Pack Contents:

· Lesson Plan

· Lab Project Handout

· Introduction to the Scientific Method

· Lab Report Checklist

· Lab Report Worksheet

· Sample Lab Report
· Student PowerPoints
Student Activity/Tasks:  

1. Students will work in small groups for this lesson. 

2.  Teacher and class will review “Aquatic Ecologist Lab Project and Endangered Species Plan” for directions and expectations.   

3. Students will select the organism they will use for their bioassays, read background information about this organism, design their first 7 day experiment and obtain teacher input. 

4. Students will initiate first experiment.  At two day intervals, students will examine bioassay dishes and record data.  On the 7th day students will record data and terminate the experiment.  The group will prepare and submit one group report.  

5. Using the information learned in the first lab experiment, students will design, get teacher input and conduct a follow up 7 day experiment to further understand the effects of environmental parameters on the survival of their organism. 

6. Students will write individual lab reports for this second experiment. 

7. During the two week period, students will share/discuss their challenges and findings in class so all students are aware of the types of effects that have been observed on the brine shrimp or duckweed. 

8. Using their imagination, scientific knowledge and the information gained from these experiments students will write a fictitious endangered species plan to protect their “endangered species” in the year 2055.  

Enrichment/Alternative Activity: Students can use the internet to research brine shrimp and their basic environmental needs.   They can also research endangered species plans and use this information to prepare a fictitious endangered species plan.  

Cross-Curricular: Lab reports enhance math skills for creating data tables and graphs.  The endangered species plan enhances writing skills and demonstrates how scientific understanding is incorporated into government regulation. 

Resources: 
 http://www.ncsu.edu/wq    - NCSU Center for Applied Aquatic Ecology

http://www.fws.gov/endangered/kids/  - USFWS – Kids Page – Endangered Species

Acknowledgement: I would like to thank Wake Electric and Wake Electric WE Care – Operation Round Up for their support of this project through a Wake Electric Bright Ideas Grant. 
Teacher Notes:  Initially I had planned to use algae in these experiments. I quickly realized that 

due to the microscopic nature of algae the time requirements would probably be tremendous.   I had accidentally introduced duckweed into one of my fish tanks and was amazed by how quickly it grew. I decided this was the perfect bioassay organism. Using a plant species for the initial experiments was easier than working with live mobile animals. 

 Once students had mastered the art of the scientific method using duckweed, we graduated to conducting experiments on brine shrimp.  Brine shrimp were somewhat more difficult to work with, but more interesting. If students did not handle the shrimp carefully when transferring them to their dishes they died.  Students had to make sure they used brine shrimp that were the same size at the start of the experiment.  I was generally able to maintain a brine shrimp culture for one to two weeks. I used a shoe box sized plastic tub a small air pump with an attached air stone and a one inch deep layer of “Instant Ocean”.  I loosely covered the tub with a transparency to reduce evaporation of the water. 

 If students wonder why it is important for them to do experiments on duckweed and brine shrimp, I explain that I selected these organisms because they are easy to work with. This experience is intended for the students to learn the scientific method, and experience scientific research. The process a scientist would follow to study an endangered species would be similar. We obviously don’t want to work with real endangered species in our class room. 

Both duckweed and brine shrimp can be purchased from scientific supply companies such as Carolina Biological or Fisher Scientific.  They are also often available at local pet or fish stores.  Brine shrimp can be hatched from eggs as well. 

Prior to starting the Endangered Species Plan, I teach my class a little bit about sampling for water quality in the field.  I use the NCSU website for the Center for Applied Aquatic Ecology as an example of state of the art water quality data collection, http://www.ncsu.edu/wq . 

 I also present the Powerpoint presentation at the US Fish and Wildlife website on the Endangered Species Act.  http://www.fws.gov/endangered/kids/ 

These two sources of information set the stage for having students write their own endangered species plan. 

G.S. Powell, 2004 Kenan Fellow


