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What’s in the water…….

Summary
Students explore the possible influence of bacteria and presence of available nutrients on plankton abundance and diversity through plankton tows, water quality testing and use of real to near-real time data.  This lesson begins to help students understand the impact and relationship of anthropogenic and natural forces on plankton. 
Key Concepts

· Plankton are keystone species in marine and freshwater environments 
· Natural and anthropogenic forces have an effect on plankton abundance and diversity 
· Students gain practice and experience in collecting, analyzing and comparing data
· Student data used to create a shareable place-based database to encourage discussion of key concepts on local, regional and global scale. 
Objectives

· Observe and record plankton abundance and diversity
· Record water quality data 
· Graph and analyze student collected plankton and water quality data 
· Compare student collected data on plankton abundance, diversity, water quality, bacteria levels with real to near real-time database(s)
· Communicate results and conclusions by discussing the relationship between plankton abundance, diversity, water quality and bacteria levels
· Demonstrate an understanding of anthropogenic factors and their effects on plankton 
Materials

· Plankton Net with attached line
· Plastic bottle to transport plankton to classroom
· Plastic beakers
· Plastic Droppers
· Petri Dishes 
· Microscopes
· Plankton ID guide
· *All above materials are available as part of CMORE Science Kits which can be found at cmore.soest.hawaii.edu/education/teachers/science_kits/plankton_kit.htm‎. Email kits@soest.hawaii.edu to request a plankton kit.
· LaMotte Water Quality Test Kit
· Computers
· Projector
· Associated worksheets/ datasheets
Procedure

1. This lesson can be modified as needed depending on the availability of resources, time, student and teacher preference/ interest. If necessary, begin with the suggested introductory materials listed below to gain an understanding of microbes, plankton and nutrient cycles.     

a. Introduction to microbes MBARI “The good the bad and the bountiful” http://www.mbari.org/earth/mar_biology/microbial/good_bad.html
b. Introduction to Plankton CMORE http://windward.hawaii.edu/facstaff/miliefsky-m/Coral%20Reef%20Lab%20BIO%20200%20LAB/Plankton/Plankton_Binder_Materials.pdf
c. Plankton Collection CMORE http://windward.hawaii.edu/facstaff/miliefsky-m/Coral%20Reef%20Lab%20BIO%20200%20LAB/Plankton/Plankton_Binder_Materials.pdf
d. Introduction to nutrient cycles MBARI “The biological pump” http://www.mbari.org/earth/mar_chem/Iron/bio_pump_lesson.html
2. Make sure students understand the purpose of collecting water quality and plankton data.  Look at the thinking questions provided for pre, mid and post activities (in the materials section).   Billions of people use and impact some sort of water source, be it lake, stream, river or ocean.  In addition countless species call aquatic ecosystems home. Collecting water quality data is an important part of understanding and sustaining water resources for all organisms that utilize them.  In any ecosystem, the abundance and diversity of keystone species can be used as indicators of ecosystem functioning and overall health of an ecosystem. As the base of the aquatic food web, fluctuations in plankton populations can be an indicator of the health/functioning of various aquatic ecosystems including fresh and saltwater environments.  Fluctuations in plankton populations could be caused by a number of different factors both anthropogenic (pollution, runoff) and natural (storm, heavy rain and microbial activity).  A primary goal of this lesson is for students to experience science through collecting data and investigating/exploring their local environment. Use the thinking questions provided for pre, mid and post discussion or assessment (in the materials section).
3. Following introductory lessons, students choose a water source near their school where plankton and water samples can be collected on a regular basis. Ideally, students will collect plankton and water samples once a week, from the same location and at the same time of day.  However, if this is not possible, the teacher can collect samples for the class. Follow and stress proper safety guidelines for collecting water quality and plankton samples (in materials section). 
4. For water quality testing, use a water testing kit and collect data using the provided data sheets (in the materials section) for temperature, pH, salinity, nitrates, phosphates, coliform and dissolved oxygen. For organizational purposes, data should be logged and kept in a data binder.  
5. Run tests for plankton count and diversity by using approximately two of the same size drops of water from a pipette/ eyedropper for each trial or sample. Use compound or Motic microscopes to determine abundance and diversity of samples. Collect and record data on provided data sheets (in the materials section). For organizational purposes, data should be logged and kept in a data binder.
6. Students will research and record near real-time datasets from the Department of Health on the presence of bacteria and a water quality parameter of student choice- such as phosphates, nitrates etc. Data sets should be selected as close to the sample site and time frame as possible. Either download a dataset from the database or use the provided collection sheet (in the materials section).  If this data is not available, you may modify your location and run a different analysis.
7. Department of Health water quality datasets- click between microbiology and chemistry to use datasets http://emdweb.doh.hawaii.gov/CleanWaterBranch/WaterQualityData/Default.aspx     *Data collection can last for a few days, weeks or months.  For alternate/ additional near real time database options see additional resources section.  
8. Transfer all student-collected data, from the lab and from dataset research to Excel.  To analyze the data for possible connections, five total graphs should be created. Use time as the x-axis for all graphs. The first graph should display total plankton population observed. The second graph should show number of different plankton species observed. The third graph should include a student chosen factor from the water quality tests such nitrates or phosphates. The fourth graph should use the presence of bacteria found on the near-real time datasets available from the Department of Health.  The fifth graph should reflect the same student chosen factor from graph three but use the near- real time datasets available from Department of Health. 
9. Students make data available using free Google Maps Engine Lite by following the instructions:  
Sign in to google, click the maps tab and go to my places.  



Go to create map, new map and follow the tour for more information.




 Load student collected data to appropriate sample location and share your 



 map by posting to the Weebly site.
10. Students will analyze graphs to find possible relationships by comparing collected data to available datasets, use the provided thinking questions sheet (in the materials section).  Finally, students should communicate their findings and conclusions using the provided final assessment (in the materials section).
Assessment
· Performance— Are students able to collect, organize, graph and analyze data?  See provided assessment (in materials section). 
· Product— Are students able to compare collected data with datasets and demonstrate understanding by communicating their findings through the final assessment activity?  See provided assessment (in materials section).
Additional Resources
· Global Atlas of Marine Plankton
· http://www.whoi.edu/news-release/planktonatlas
· Rainfall datasets for streams, additional parameter that can be used in comparisons 
· http://www.prh.noaa.gov/hnl/hydro/pages/rra_graphs.php?station=PFSH1&mo=
· GEMS/Water Global Network surface and groundwater quality database
· http://www.gemstat.org/  
· USDA water quality database
· http://wqic.nal.usda.gov/water-quality  
· USGS water quality database
· http://infotrek.er.usgs.gov/apex/f?p=NAWQA:HOME:2718135298347392 
· USGS aquatic biology database
· https://aquatic.biodata.usgs.gov/landing.action  
· Indicators of microbial water quality
· http://www.who.int/water_sanitation_health/dwq/iwachap13.pdf
· Keystone species 
· http://www.arlingtoninstitute.org/wbp/species-extinction/443 
Got time?

· Relevant content standards—Next Generation Science Standards:
http://www.nextgenscience.org/next-generation-science-standards 

· Science process skills (information under lesson resources on the EARTH website)

· Ocean Literacy Standards: http://oceanliteracy.wp2.coexploration.org/  

· Key concepts, according to the AAAS benchmarks, which provide a framework for K-12 expectations: http://www.project2061.org/publications/bsl/online/bolintro.htm 
· Tags: bacteria, water quality, plankton, keystone species, data collection, graphing

· Extensions:


MBARI “Prediction growth”

http://www.mbari.org/earth/mar_biology/microbial/microbes/predicting_growth_t.pdf

Use the HOTS and/or BATS databases and have students compare open ocean data to 
student collected data.

Identify keystone species in sample locations- use graphs from this lesson in addition to 
creating a graph showing the species that was seen the most out of all the student 
collected data.  Can do per each student, groups and/or as a whole class.  [image: image2.png]
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