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Objective:



How does nutrient pollution impact stream ecosystems locally and nationally? 

ECOLOGICAL CONTENT:
Organic nutrients, biological indicators, macroinvertebrate index, stream ecosystem structure
 and function
WHAT STUDENTS DO:

· Analyze national water quality data sets from the US Environmental Protection Agency at regional and national scales

· Perform basic calculations from data set and generate graphs 

· Relate water quality with land use 

· Relate water quality with stream ecology
· Collect and analyze water samples (12-20 sample sites)
Introduction

An important step in the water cycle and a sensitive habitat is found right in our own streams’ ecology. In this exercise we will first analyze previously reported data from around our country.  Then we will take a fieldtrip to a stream to collect data and water samples.  The water samples will be analyzed in four different subsequent labs, the microscope for identification of organisms, bacteria, nitrate, and phosphate. These four water quality parameters are of great importance in streams.  The two nutrients (nitrates and phosphates) and one biological indicator species (e-coli) are common pollutants in streams, lakes, and coastal waters.  Nitrogen and phosphorus generally come from fertilizer applied to farm lands (and from lawns, to a lesser extent), as well as sewage, and they are carried by ground water, rain water, or irrigation water from the land into streams (Vitousek et al. 1997; Smith 2003; Dodds 2006; EPA 2007).  In addition, these nutrients may be deposited on land or water through the air after the combustion of fossil fuels or other industrial operations (Driscoll et al. 2006; Pepper et al. 2006). Total nitrogen includes all organic and inorganic nitrogen-containing compounds in the water.  Inorganic forms are nitrate (NO3-), nitrite (NO2-), ammonia (NH3), and ammonium (NH4+).  Organic forms include proteins, peptides, nucleic acids, urea and synthetic organic materials (Pepper et al. 2006).  Total phosphorus, similarly, includes all phosphorus-containing compounds in the water, which includes orthophosphate (PO4) and organically bound phosphate.

When these nutrients become very high, algae (photosynthetic organisms) can grow extremely quickly and the waters can become cloudy, reducing the light availability in the stream.  Importantly, when these algal blooms die, this large amount of dead algae fuels bacterial growth in the water.  The bacteria decompose the algae and in doing so they consume much of the oxygen available in the water (Mallin et al. 2006).  In many cases the waters become uninhabitable by aquatic organisms because of the lack of dissolved oxygen in the water.  An extreme example of this is the “dead zone” in the Gulf of Mexico, which is an area of the ocean about as large as Connecticut, in which few aquatic organisms can survive, primarily due to the input of nutrients from the Mississippi River (USGS 2010).

Aquatic benthic macroinvertebrates are insects and other small invertebrates (like crustaceans, mollusks and aquatic worms) that live in streams and other aquatic habitats.  “Benthic” refers to the lowest level of a water body, which in this case is the stream bed, and this is where these animals reside.  “Macro” means that these animals are large enough to be seen with the naked eye, and “invertebrates” means that they have no spine. Many common flying insects have larval stages in streams and lakes, such as mayflies, stoneflies and dragonflies. These stream macroinvertebrates play very important roles in the stream ecosystem.  For example, by shredding leaves and other detritus that falls into streams, they convert terrestrial carbon and other nutrients into forms available to other stream organisms (Vannote et al. 1980; Wallace and Webster 1996).  Some macroinvertebrates eat algae, and others are predators on small invertebrates. Most macroinvertebrates eventually become an important food resource to fish and birds (Vannote et al. 1980; Wallace and Webster 1996).

Because benthic macroinvertebrates are such important members of the food web and they respond relatively quickly to ecological changes, they can be very useful to humans as indicators of the health of a stream.  Accordingly, they are called “bioindicators.” Some macroinvertebrates require high levels of oxygen and low pollutant levels, and so they are useful as indicators of good water quality, while other groups of macroinvertebrates can tolerate low oxygen and high pollutant levels, thereby indicating lower water quality (EPA 2007).  They are not highly mobile (especially compared with fish) and so they are susceptible to the water quality conditions around them and whatever pollutants may have accumulated in the sediment of the stream bed.  

Read sections from:
https://nepis.epa.gov/Exe/ZyPDF.cgi/P100MRC3.PDF?Dockey=P100MRC3.PDF
U.S. Environmental Protection Agency. 2006. Wadeable Streams Assessment: a collaborative survey of the nation's streams. (http://www.epa.gov/owow/streamsurvey/) Accessed August 17, 2010.  

U.S. Geological Survey 2010. The Gulf of Mexico hypoxic zone.  (http://toxics.usgs.gov/hypoxia/hypoxic_zone.html). Accessed August 17, 2010.  

Baseline Established by Plotting National Data 
Use this activity in lecture before the lab sequence begins
A common first step in analyzing the distribution of data points is through the use of box plots.  Box plots show you where the median of your data is – the point at which half (50%) of the data points are below that value, and half of them are above.  The lower quartile, Q1, is the point below which 25% of the data is contained. The second quartile (Q2) is the same as your median.  The upper quartile, Q3, is the point below which 75% of the data is contained.  To find Q1, you take the median of the data points that lie between your lowest value and Q2.  To find Q3, you take the median of the data points that lie between your highest value and Q2. The upper extreme is the largest value that is less than Q3+ 1.5*(Q3-Q1).  The lower extreme is the smallest value that is greater than Q1- 1.5*(Q3-Q1). “Outliers” are points far outside the range of the majority of the data - specifically, if their value is larger than the upper extreme, Q3+ 1.5*(Q3-Q1), or less than the lower extreme, Q1- 1.5*(Q3-Q1).

Open the WSA data table (WSA_data_for_students.csv, also accessible from: http://knb.ecoinformatics.org/knb/metacat/nuding.9.4/knb) by choosing Download Data for the file named WSA_data_for_students.txt.  After opening the file find the median, quartile, extreme and outlier values of total nitrogen for Regions 7 and 10 separately, as indicated in Table 1. The median and quartiles can be found using the following Excel functions, or your instructor may suggest using alternative methods.  

The parentheses should contain the column or row of data you wish to analyze. Here we use cells E1:E70, just as an example.


To calculate the median, type (without the quotation marks) “=MEDIAN(E1:E70)”


To calculate the Q1, type “=QUARTILE(E1:E70,1)”


To calculate Q3, type “=QUARTILE(E1:E70,3)”

The remainder of the boxplot data points can be obtained from the equations provided, and from inspection of the data.
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Using these data, sketch box plots for each region on the same chart, using paper or software as indicated by your instructor.  What percent of the data lies within the box?  Describe the distribution of the data outside the box, e.g. are the points relatively close or spread widely, where are outliers, etc. Given what you have learned so far, would you expect an “outlier below Q1” to have more or less algae than other streams?
Table 1. Levels of total nitrogen (NTL) for EPA Regions 7 and 10 
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1. Compare the information you generated in Table 1 with the EPA recommended nutrient criteria. 
2. How do the values you calculated for Region 7 and Region 10 compare to EPA’s recommendations for various ecosystem types, or ecoregions, within these two regions?
3. Based on the data and maps you’ve looked at, can you assert whether the waters in EPA Regions 7 and 10 are “clean” or “polluted”?  
4. How does the region in which you live compare to other regions? Briefly hypothesize factors that may influence nutrient levels in your region.
Collecting Data
1. Go into the field and collect field data and record on datasheet

2. Take photo of collection site

3. Attach a local weather report for your site at time of collection

4. Use a multiprobe field sampler to record the stream’s temperature, dissolved oxygen, salinity, conductivity.

5. Collect a 250 mL stream water sample 

Lab Analysis
Follow microscope, bacteria, nitrate, and phosphate labs for each water sample collected
	RESOURCES:

U.S. Environmental Protection Agency. 2010. Wadeable streams assessment. 
(http://www.epa.gov/owow/streamsurvey/pdf/WSA_Assessment_May2007.pdf) Accessed March 10, 2012.  (Note this is a larger document that takes extra time to load.)

U.S. Environmental Protection Agency.2010. Probabilistic sampling databrowser.

(http://www.epa.gov/bioiweb1/statprimer/ProbabilisticSampling/index.html)  Accessed March 10, 2012.  

U.S. Environmental Protection Agency. 2010. Teacher ‘use case’ for the national WSA browser. 

(http://www.epa.gov/bioindicators/statprimer/WSAUseCaseTeacher.html) Accessed March 10, 2012.  

U.S. Geological Survey. 2010. MRLC consortium viewer. 

(http://gisdata.usgs.net/website/MRLC/viewer.htm) Accessed March 10, 2012.  

Note that you will need to find the key for this map separately – e.g., Supplement 1 for Land Cover.

U.S. Geological Survey. 2012. The National Land Cover Database. (http://pubs.usgs.gov/fs/2012/3020) Accessed March 10, 2012.  

National Atlas. 2010. National atlas map maker. (http://nationalatlas.gov/mapmaker ) Accessed August 17, 2010.
National Atlas. 2010. Map layer info: streams and water bodies. (http://www.nationalatlas.gov/mld/hydrogm.html). Accessed March 10, 2012.
U.S. Geological Survey 2010. The Gulf of Mexico hypoxic zone.  (http://toxics.usgs.gov/hypoxia/hypoxic_zone.html). Accessed March 10, 2012.  
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