Middle Fork Crow River Watershed District 
2009

Monitoring Results
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Introduction
In 2009 the Middle Fork Crow River Watershed District (MFCRWD) continued their monitoring efforts in the watershed.  There were 24 stream sites and 12 lakes site that were monitored in 2009.  Monitoring was conducted by the MFCRWD staff as well as with the help of 12 volunteers.  The MFCRWD also teamed up with three Lake Associations to sample their lakes twice a month. Monitoring in the MFCRWD is an on going effort.  Training sessions are held on a regular basis to insure that volunteers are using proper sampling technique.  Volunteers are actively recruited and receive gifts for monitoring with the District.  Data that is collected is used to evaluate water quality throughout the Middle Fork Crow River Watershed. 

The monitoring program in the MFCRWD is found from a variety of different sources.  Currently monitoring is funded by three grants, a federal 319 grant, a CWP and a CWLA grant from the MPCA, as well as by a TMDL contract for Diamond Lake.  
At each of our monitoring sites, data was collected through the use of transparency tubes (t-tubes) and secchi disks.  Additional “grab samples” were analyzed for Total Phosphorus (TP), Total suspended Solids (TSS), Total Kjeldahl Nitrogen (TKN) and Chlorophyll-a (Chl A).  

This report provides a preliminary assessment of the data collected from 2007 to 2009 by trained volunteers as well as staff member of the MFCRWD.

Monitoring Lakes and Streams
Volunteers and staff members for the MFCRWD monitored lakes, streams and precipitation in the Middle Fork Crow River Watershed using secchi disks, t-tubes and rain gauges.  “Grab samples” from area lakes and streams were collected by volunteers and staff members, these samples were then shipped to RMB Laboratories or Minnesota Valley Testing Laboratories for analysis.  Volunteers using secchi disks to monitor lakes were also enrolled in the state’s Citizen Lake Monitoring Program (CLMP).  Those using t-tubes were similarly enrolled in the state Citizen Stream Monitoring Program (CSMP).  The Minnesota Pollution Control Agency (MPCA) provides secchi disks and t-tubes to the volunteers.  The MFCRWD share all data collected by volunteers and staff with the MPCA.  
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Secchi Disk
The most common tool for measuring lake water quality is the secchi disk.  A secchi disk measurement gives a general indication of problems with algae, zooplankton, water color and silt in a lake.
The secchi disk is a weighted circular metal disk 20 cm in diameter (8 inches), attached to a graded line.  The disks are generally black and white or all white in color.  To take a secchi disk measurement, the disk is lowered over the downwind shaded side of the boat until it disappears from sight, and then raised until it is just visible.  The secchi depth is measured by recording the depth at which the disk reappears.  It estimates the water clarity or turbidity.  Turbidity is suspended materials such as algae, silt, nutrients and other things in the water.  It is recommended that monitors take secchi readings weekly if possible or every other week.
Readings vary over different times of the year so it is beneficial to take consistent readings over a few months.  With consistent data it is possible to look for changes in water quality by only using a secchi disk.  
A Water Clarity Index relating water clarity and secchi depth is below as a general guide. 
Water Clarity    Secchi Depth 
Very poor                   3 
Poor                           5 
Fair                            7 
Good                        10 
Very Good                20 
Excellent                   32

Transparency Tube
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Transparency is an indirect measure of the amount of dissolved and suspended material in a stream.  In rivers and streams soil particles such as silt and clay are carried and deposited with the current.  When there is too much material suspended in the water, the water transparency, or clarity decreases.  Low transparency readings can indicate a problem in the river system.  As sediment and nutrient levels increase, the river or stream becomes unsuitable for fish and other aquatic species.  
Transparency is measured using a transparency tube (t-tube).  To measure transparency, the tube is filled with water from the flowing stream.  While looking down the tube, water is released through a valve at the bottom of the tube until the back and white disk at the bottom of tube is faintly visible.  This depth is recorded.  The volunteer then releases the valve again until the disk is completely visible.  The average of these two measurements is recorded.  If the disk is fully visible when the tube is filled, the reading reflects >100 cm transparency.  In general, a low t-tube reading indicates high levels of sediment suspended in the stream.  A greater transparency reading reflects better water clarity.
Grab Samples
Volunteers and staff members collected “grab samples” from the 12 lake sites and 24 stream sites that were monitored.  Grab samples allow us to get a picture of the chemical condition of the water body and determine it’s suitability for fisheries, recreational activities and ground water recharge.  It also becomes an important indicator of potential land use problems in the watershed.  Stream samples were collected once or twice a month from May through September in the main current of the stream, along with t-tube readings.  Stream samples were sent to a laboratory to be tested for TP, TSS and TKN.

On lakes, samples were collected once or twice per month, along with secchi disk measurements.  Lake samples were sent to the laboratory to be tested for TP, TSS and Chl a.  

Phosphorus – Phosphorus is one of the key elements necessary for growth of plants and animals  It is what is known as a limiting nutrient, meaning that no matter how much of the other nutrients needed for plant growth are supplied, once the phosphorus supply runs out, no more growth will occur.  Adding any more phosphorus will stimulate the growth of plankton and aquatic plants which provide food for fish.  This increased growth may cause an increase in the fish population and improve the overall water quality. However, if an excess of phosphorus enters the waterway, algae and aquatic plants will grow excessively and choke up the waterway.  As the algae and plants die, their decomposition depletes the water body’s oxygen supply.  This process is known as eutrophication or over-fertilization of receiving waters.  The rapid growth of aquatic vegetation can cause the death of other aquatic life because of the decrease in dissolved oxygen levels.  Phosphorus is not toxic to people or animals unless it is present in very high levels.  Some sources of phosphorus include cropland (fertilizer and soil), human and animal waste, and runoff from development.  
Nitrogen – Nitrogen containing compounds act as nutrients in streams and rivers.  Nitrate reactions in fresh water can cause oxygen depletion.  This can cause aquatic organisms dependent on oxygen in the water body to die off.  The major routes for entry of nitrogen into bodies of water are municipal and industrial wastewater, septic tanks, feed lot discharges, animal wastes (including birds and fish) and discharges from car exhausts.

Total Suspended Solids – Materials suspended in the water column can decrease the diversity of aquatic organisms and increase the water temperature.  Plant populations can decrease because the suspended materials block the ability of sunlight to penetrate the water.  Fish populations and other aquatic organisms can suffer when eggs are smothered by silt and clay.  The material suspended in the water can be both organic (plankton, sewage) and inorganic (silt, clay).  By measuring total suspended solids, we can begin to determine the effects of runoff on a water body.  
Chlorophyll-a – Chlorophyll-a is the pigment in plants that make them look green.  A measurement of chlorophyll-a is a way to measure the amount of algae in a water column.  
Other Measurements
Many volunteers and the staff members of the MFCRWD also record information relating to precipitation and water levels.
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Precipitation

Depending on adjacent ground cover, runoff caused by precipitation can increase the amount and rate at which water flows through the stream channel.  Water quality is affected when runoff carries sediment and other material into streams over land and through underground urban stormwater drainage systems.  The extent of runoff effects are determined by the management practices of the surrounding land.
Stage
Water depth is recorded using a visual estimate (low, normal or high) or measured from a reference point.  When a measurement is taken it is usually recorded from the top of a bridge or culvert down to the top of the water.  Staff gauges are also used to record lake and stream depth.  Stage measurements provide insight into stream or lake conditions at the time a sample is collected. 

Data Results and Discussion 
When reviewing stream and lake data, it is useful to have a reference or an average value to compare data to.  However, average in Southern Minnesota is bound to be different from average in Northern Minnesota due to different precipitation patterns, land cover, soils, topography, land use practices, etc.  Therefore, rather than a statewide average or reference, we use what are called Ecoregional Averages.  These are developed through the use of “Ecoregional Reference Lakes or Streams”.  
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The State of Minnesota has been divided into seven ecoregions based on soil type, topography, vegetative cover and underlying geology.  In order to maintain realistic expectations for stream and lake water quality, ecoregional differences need to be taken into account when reviewing water quality data.

The Middle Fork Crow River Watershed District is located in the North Central Hardwood Forest (NCHF) ecoregion.  The NCHF ecoregion is typically contains more wetlands, lakes and wooded areas.

Data is compared to an Ecoregional Average which is derived from reference lakes and streams chosen in each of the ecoregions.  The reference lakes and streams have been minimally impacted by point and nonpoint pollution sources.  We use data that represents the lower and upper boundaries (25th to 75th percentile) of the reference lakes as comparison values.  We expect results to fall within these boundaries, with values closer to the 25th percentile indicating better water quality.  
Streams and Rivers
In 2009, 24 stream and river sites in the Middle Fork Crow River Watershed were monitored for transparency and chemistry.  Whenever data results are being reviewed, it is important to emphasize that the three years of data in this report can only give us a “snapshot” of what is happening in a particular water body, but this “snapshot” can indicate seasonal trends along a watercourse or areas of concern. 
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Transparency

Transparency is a way to measure water clarity, the higher the transparency reading (in centimeters) the greater the clarity.   When reviewing transparency readings, a scale of reference can be used to summarize the findings.  The box to the right indicates the relation of transparency readings to the general water clarity at 20 cm intervals. 
Chart 1 shows the mean transparency tube (t-tube) readings from 2007 through 2009.  
[image: image7.emf]Mean T-tube readings

0.00

10.00

20.00

30.00

40.00

50.00

60.00

70.00

80.00

90.00

100.00

MFC5MFC6

275TH

MFC1

LLO

MFC7MFC8MFC2MFC9MFC3MFC4

GL4GL6GL5GL7GL8GL9GL3CL4CL3

WL2

HL2DL1DL5DL7DL2

Manannah

Site

T-tube (cm)

2007

2008

2009


Total Phosphorus (TP): Chart 2 shows the results for TP from 2007 through 2009. Lines depicting the typical lower and upper boundaries for TP levels in the ecoregion are included on the chart. The sites MFC7, MFC8, MFC9, GL6, GL8 and GL9 are stormwater sites and therefore they should not be compared next to ecoregional averages.  There were six sites that have exceeded the normal average for their ecoregion from 2007-2009, excluding stormwater sites.  
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Total Suspended Solids (TSS): Chart 3 shows the results for TSS from 2007 through 2009.  Lines depicting the typical lower and upper boundaries for TSS levels in the ecoregion are included on the chart. The sites MFC7, MFC8, MFC9, GL6, GL8 and GL9 are stormwater sites and therefore they should not be compared next to ecoregional averages.  There were four sites that have exceeded the normal average for their ecoregion from 2007-2009, excluding stormwater sites.  
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Lakes
In 2009, 12 lake sites in the MFCRWD were monitored for water clarity and chemistry. Three Lake Associations teamed up with the MFCRWD to help pay for monitoring on their lakes twice a month instead of once a month. When interpreting data results from any water body, it is important to note that readings from multiple years are necessary to show any true trend in water quality.  However, a few years worth of data can give us a “snapshot” of the lake and can indicate the need for further testing.

Chart 4 shows the secchi disk readings for 11 lakes in the Middle Fork Crow River Watershed.  Secchi disk readings reflect water clarity; the higher the reading, the better the water clarity.
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Of the 11 lakes that were monitored in the watershed, one lake was below ecoregion average for the last three years.  Three other lakes were below ecoregion average in 2007 but not in any subsequent years.  Three lakes were consistently above ecoregion average over the last three years.  SL1, WL1 and HL1 are considered shallow lakes and therefore have different standards than deeper lakes.  All three of our shallow lakes were below ecoregion standards for shallow lakes.  
Explanations for low water clarity readings vary, but it’s likely that high nutrient and sediment loading from the surrounding watershed play a big part. 
Chlorophyll-a (Chl-a): Chart 5 shows the results for Chl-a from 2007 through 2009. Lines depicting the typical lower and upper boundaries for Chl-a levels in the ecoregion are included on the chart.   There were four sites that exceeded ecoregion average from 2007-2009.  One site exceeded ecoregional average in 2007 but not in any subsequent years.   
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Total Suspended Solids (TSS): Chart 6 shows the results for TSS from 2007 through 2009.  Lines depicting the typical lower and upper boundaries for TSS levels in the ecoregion are included on the chart. There were seven sites that have exceeded the normal average for their ecoregion at least once from 2007-2009.  
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Total Phosphorus (TP): Chart 7 shows the results for TP from 2007 through 2009. Lines depicting the typical lower and upper boundaries for TP levels in the ecoregion are included on the chart.  There were three sites that exceeded ecoregion average from 2008-2009, two other sites exceeded ecoregional average in 2007 but not is subsequent years.    
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TSI

Another method that can be used to determine the overall health of a lake is Carlson’s Trophic State Index (TSI).  Trophic status indicates the overall productivity or growth occurring in a lake.  The TSI uses algal biomass as its basis and is determined by using three different productivity parameters; total phosphorus (TP), chlorophyll-a (Chl-a), and secchi disk.  
Using the TSI, lakes can be classified as oligotrophic, mesotrophic, eutrophic or hyper-eutrophic based on their TSI score.  The terms are defined on page 11.
Chart 8 shows the average TSI readings for 10 lakes of the lakes in the MFCRWD.  Here, a higher score indicates a potential water quality problem.  The results show that all of our lakes are above the oligotrophic status. Three of our lakes are around or in the hyper-eutrophic range. 

TSI 30-40 Oligotrophic – clear water, hypolimnion oxygenated throughout the year (except in shallow lakes)

TSI 40-50 Mesotrophic – Water moderately clear, but anoxia becoming more likely in hypolimnion during the summer

TSI 50-60 Lower Boundary of classical eutrophy:  Decreased transparency, anoxic hypolimnia during the summer, aquatic plant problems evident, warm water fisheries only.

TSI 60-70 Eutrophic:  Dominance of blue-green algae, algal scums probable, extensive aquatic plant problems

TSI 70-80 – Hypereutrophic:  Heavy algal blooms possible throughout the summer, dense aquatic plant beds, but extent limited by light penetration

After Moore, 1. And K. Thornton [Ed.] 1988. Lake and Reservoir Restoration Guidance Manual. (Doc. No. EPA 440/5-88-002) Source: MINNESOTA POLLUTION CONTROL AGENCY/ Volunteer Surface Water Monitoring Guide, 2003 http://www.pca.state.mn.us/water/lakeacro.html
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Ecoregion Average Deep Lakes (4.9-10.5ft)
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Ecoregion Average Shallow Lakes 
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Chart 5





Hypolimnion – the dense, bottom layer of water in a stratified lake.  Typically the coldest layer in the summer and the warmest in the winter
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