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INTRODUCTION
Nonpoint-source pollution surveys
Nutrient pollution resulting from a variety of activities associated with shoreline development is considered the greatest threat to the water quality of Northern Michigan’s lakes.  A shoreline survey for nutrient pollution, or other types of nonpoint-source pollution (pollution originating from diverse, diffuse, often inconspicuous sources) can be a valuable lake management tool.  Coupled with follow-up activities such as on-site visits or questionnaires, the source of nutrients to the lake can often be identified.  Subsequently, a reduction in nutrient loading can often be achieved by working with homeowners to solve problems.  These solutions are often simple and low cost, such as regular septic system maintenance, proper lawn care practices, and similar actions along the shoreline.  Prevention of problem situations can also be achieved through the publicity and education associated with the survey.

Shoreline surveys for pollution and resource features have been conducted previously on Six Mile Lake.  In 1993, the Six Mile Lake Association contracted with the Tip of the Mitt Watershed Council to conduct a survey using a conductivity meter to detect locations of septic system problems.  A database of shoreline property features and ownership information, and parcel maps were also developed during that survey.  The project included a questionnaire mailing to shoreline property owners, an individualized response with recommendations, and ground water testing at 14 suspected problem sites.

From 1996 to 1998, another survey was conducted as part of the State and Federally-funded Elk River Chain of Lakes Watershed Project.  That survey documented occurrences of filamentous algae growth and shoreline erosion problems, as well as other resource features such as wetlands, aquatic plant beds, and bottom sediments.  The shoreline database and parcel maps were updated at that time.  There were no individualized follow-up activities.

Detecting pollution with a conductivity meter

A variety of devices generically termed septic leachate detectors (SLD) were developed in the 1980's, and for a time were popular lake management tools.  These instruments typically consisted of a portable fluormeter and conductivity meter.  A fluorometer is an instrument for measuring the intensity of fluorescense (the emission of a particular type of light by some substances when acted upon by a radiant energy source).  Fluorometers in SLDs were calibrated for specific wavelengths to detect both breakdown products of human waste and components of soaps and detergents.  A conductivity meter measures the ability of water to conduct electricity, which has a direct relationship to the concentration of dissolved substances in the water. 

Septic system effluent is likely to contain high levels of dissolved substances.  During very calm periods, leachate plumes can form distinct water masses near shore.  If higher-than-normal conductivity is encountered in a small area along the shoreline, it may indicate the presence of septic system leachate.  Naturally occurring minerals or other substances can also cause high conductivity readings.  Although commercial production of SLD’s has apparently ceased, portable conductivity meters are still produced and widely used for other types of water quality studies, and they can be adapted for use in shoreline surveys to detect septic system pollution.

Algae growth as an indicator of pollution

Cladophora is a branched, filamentous green algae that occurs naturally in small amounts in Northern Michigan Lakes.  Its occurrence is governed by specific environmental requirements for temperature, substrate, nutrients, and other factors.  It is found most commonly in the wave splash zone and shallow shoreline areas of lakes, and can also be found in streams.  It grows best on stable substrates such as rocks and logs.  Artificial substrates such as concrete or wood seawalls are also suitable.  The preferred water temperature is 50 to 70 degrees Fahrenheit.  This means that late May to early July, and September and October are the best times for its growth in Northern Michigan lakes.

The nutrient requirements for Cladophora to achieve large, dense growths are greater than the nutrient availability in most lakes (although Six Mile Lkae has relatively high naturallevels of nutrients, and is therefore borderline fot the use of Cladophora as an indicator of nutrient pollution).  Therefore, the presence of Cladophora can indicate locations where relatively high concentrations of nutrients, particularly phosphorus, are entering a lake.  Sources of these nutrients can be due to natural conditions, including springs and artesian wells that are naturally high in nutrients due to the geologic strata they encounter; as well as wetland seepages which may discharge nutrients at certain times of the year.  However, the majority of Cladophora growths can be traced to cultural sources such as lawn fertilization, malfunctioning septic systems, poor agricultural practices, soil erosion, and wetland destruction.  These nutrients can contribute to an overall decline in lake water quality.  Additionally, malfunctioning septic systems pose a potential health risk due to bacterial and viral contamination.

Besides Cladophora, many other species of filamentous green algae are commonly found growing in the nearshore regions of lakes.  Although not considered as reliable an indicator of nutrient pollution as Cladophora, these other species of filamentous green algae can respond to an external nutrient source in much the same way as Cladophora.

Although the size of the algal growth on an individual basis can be important in helping to interpret the cause of the growth, growth features are greatly influenced by such factors as current patterns, shoreline topography, size and distribution of substrate, and the amount of wave action to which the shoreline is subject.  Therefore, size descriptions have a  limited value when making year to year comparisons at a single location or estimating the relative amount of shoreline nutrient input.  Rather, the presence or absence of any significant growth at a single site over several years is the most valuable comparison.  It can reveal the existence of chronic nutrient loading problems, help interpret the cause of the problems, and assess the effectiveness of any remedial actions.  Comparisons of the total number of algal growths can reveal trends in nutrient input due to changing land use.  

Greenbelts and water quality

The preservation or establishment of a shoreline greenbelt, or vegetated buffer strip, is considered one of the most important shoreline management techniques.  A greenbelt is a strip of diverse vegetation, either naturally growing or planted, along the shoreline of a lake or stream.  Usually consisting of a mixture of trees, shrubs, ground cover, and wildflowers, shoreline greenbelts offer waterfront residents an attractive water quality while providing many other benefits as well.

Greenbelts minimize polluted runoff, reduce the need for lawn maintenance (including pesticide and fertilizer applications), remove nutrients from septic systems and other sources, strengthen shoreline soils and help prevent erosion, are attractive, offer privacy and dampen sound, attract wildlife, can help save energy, and may increase property values.  Information on the presence or absence of a shoreline greenbelt was also compiled during this survey.  

Shoreline features database

Creation of a sequential database providing the description of shoreline houses (as viewed from the water), coupled with names and addresses of property owners and the results of the shoreline survey provides a good means of managing and reporting the data.  It also facilitates contacting selected property owners and conducting repeat shoreline surveys.  The database created in 1993 was updated, expanded, and improved during this survey. 

The 2000 Six Mile Lake Survey

Periodic repetition of shoreline surveys are useful for identifying chronic problem sites as well as locations of new problems.  They are also valuable for determining long term trends of nearshore nutrient inputs associated with land use changes, and for assessing the success of remedial actions.  A repeat shoreline survey to identify locations of nutrient pollution using both high conductivity and the presence of Cladophora was conducted on Six Mile Lake by the Tip of the Mitt Watershed Council during Fall, 2000.  The survey was funded by the Six Mile Lake Association.


METHODS
The shoreline survey using a conductivity meter was conducted on October 11, 19, 20, and 31, 2000.  The surveys were conducted using a kayak, which enabled travel very close to the shoreline.  A YSI Model 33 Conductivity/Temperature meter was rigged with a small 12 volt water pump fitted to the end of a probe, which provided a continuous, nearly instantaneous reading of conductivity for very shallow, nearshore water.  

When high conductivity readings or filamentous algae growths were encountered, they were recorded on the field database in conjunction with the appropriate house description.  The database field containing the property description consists of a sometimes cryptic descriptive phrase up to 50 characters long.  For example, Red 2 sty, brn rf, wht trm, fldstn chim, lg pine means that the property has a red two-story house with a brown roof, white trim, fieldstone chimney, and a large pine tree in the yard.  

For the purposes of this survey, developed means significant permanent structures.  Included are roadways, boat launching sites, and recreational properties (such as parks with pavilions and parking lots).  Properties with only mowed or cleared areas, seasonal structures (such as docks or travel trailers), or unpaved pathways were not considered developed.  Additionally, relatively large parcels which may have development in an area far from the water’s edge were not considered developed.

The presence and characteristics of a shoreline greenbelt were described using an index with three basic categories:

1.  Excellent.  Very little disturbance of the natural vegetation outside the “footprint” of the house, especially along the shoreline (including emergent rushes and other aquatic vegetation).  These properties had the appearance of a cottage tucked into the woods, often difficult to observe from the water during the growing season.  This is the best category, one which property owners should strive to attain to ensure maximum water quality protection. (33%, but few developed properties)
2.  Good.  Although significant areas of natural vegetation remain, large areas have also been converted to lawn or other uses, especially along the shoreline.  Properties in this category are generally doing a good job of managing their shoreline with respect to water quality protection, but there is a lot of room for improvement. 44%
3.  Poor.  The shoreline has mostly been converted to an urban setting, with little natural or woody vegetation remaining along the shore.  These properties are most likely to be contributing nutrients from surface runoff, and could use a lot of improvement. 23% 
The lake water usually appeared to be clearer with less filamentous algae where there was an excellent greenbelt present.  Areas with excellent greenbelts were also less likely to have a high conductivity reading (evidence of septic system pollution) than properties with good or poor greenbelts (21% vs 38%).  

Conductivity readings were elevated above normal, background levels at 95 locations.  However, only 44 represented a large increase (greater than 10 units) above background levels, with the remainder being very slightly elevated.  Actual conductivity readings obtained during the survey have not been indicated because background levels are influenced by water temperature, precipitation, and biological activity.  Therefore, they naturally vary somewhat over time at a given location, and are not comparable from time to time, or place to place.

The 2000 results compare to 54 elevated conductivity readings in 1993.  The relative level of the conductivity readings were not recorded during that survey.  Half of the sites with a high conductivity reading in 1993 also had a high conductivity reading in 2000.   

Most of the high conductivity readings were associated with developed shoreline properties.  However, high readings were also associated with the many seepages and streams occurring along the shoreline of Six Mile Lake.  These springs and seepages naturally have higher conductivity than the lake water.  They can also help convey wastewater from septic systems toward the lakeshore.  Although some of the algae growths and high conductivity readings are undoubtedly associated with septic system leachate or other factors associated with development and human activities, no severe water pollution problems were evident along Six Mile Lake’s shoreline.
Filamentous algae growths were evident at only 23 properties in Fall, 2000.  Seventeen of the 23 algae growth sites also had high conductivity readings (74%).

 This may be indicative of the function of the greenbelt.  On the other hand, properties without excellent emergent plant growth were easier to test with the conductivity meter’s probe.  Areas with an excellent greenbelt also seemed to have better diversity of aquatic plants (a sign of a healthy ecosystem).  Waterfowl were noticeably more abundant where emergent vegetation and terrestrial woody plants were scarce or absent.

Following a season of below-normal precipitation, water levels on Six Mile Lake were noticeably low at the time of the survey.  A lowered lake level could possibly improve the performance of septic systems by creating a greater vertical isolation distance between the drainfield and the water table.  The low water actually seemed to simplify conducting the survey, making it easier overall to avoid weed beds, and submerged obstructions.

Several adult zebra mussels were observed during the survey.  Zebra mussels had been reported to be present in Six Mile Lake by the media earlier in the season, but there had been some questions expressed by riparians and resource professionals about the accuracy of the report.

The attached query of the database contains a sequential listing of properties beginning at the MDNR public access site on the east side of the lake and traveling clockwise around the entire perimeter of the lake.  


RECOMMENDATIONS

The full value of a shoreline survey is only achieved when the information is used to educate riparians about preserving water quality, and to help them rectify any problem situations.  A "follow-up" effort of this nature has occurred on several other lakes where the Watershed Council has conducted shoreline surveys.  The following follow-up actions are recommended:

1.  Keep the specific results of the survey confidential--in other words, do not publish a list of sites where filamentous algae or high conductivity readings were found.

2.  Send a general summary of the survey results to all shoreline residents, along with a packet of informational brochures produced by the Watershed Council and others to provide information about practical, feasible, effective actions to protect water quality.  This would cost approximately $5.00 to $25 per household, depending on complexity and type of materials distributed. 

3.  Inform those owners of properties with either filamentous algae growths or a high conductivity reading of the specific results for their property, ask them to fill out a questionnaires in a attempt to interpret causes of the growth or reading, and offer individualized recommendations for water quality protection.  Following the questionnaire survey, site visits coupled with ground water testing are sometimes preformed in an effort to gain more insight into the nature of the findings.  The cost of a targeted follow-up of this nature is about $20 per site.

In 1993, on-site septic evaluations were conducted at 14 properties (see database).  The cost of a site visit with ground water testing is approximately $125 per homesite.  Again, it should be stressed that all information regarding names, specific locations, and findings be kept confidential to encourage property owner participation in this project.

4.  Repeat some version of the survey periodically (every five years or so), coupled with follow-up mailings in order to promote water quality awareness and good management practices ion an ongoing basis.  During each subsequent survey, more information about shoreline features could be added to the database.  The database will greatly facilitate future surveys, resulting in a reduction of staff hours needed for repeating the survey, and can be utilized for other water resource management applications.
5.  The shoreline database is a key feature in facilitating repeat surveys, property owner contacts,  empowering the lake association to monitor shoreline activities and recruit new members, and compiling and managing water resource information.  However, the parcel and ownership information for the shoreline database also needs to be updated frequently.  Estimated cost is about $350.00.  This task could also easily be accomplished by Lake Association volunteers.


