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Introduction

Loon Lake is a 305-acre natural lake located in Shawano County, Wisconsin.  This fertile, dark-water lake has a maximum depth of 22 feet, and a watershed area of 8,465 acres.  Two inlet creeks, Lulu Creek and Loon Creek, feed Loon Lake.  Loon Creek also drains Loon Lake, flowing into Washington Lake and then Shawano Lake.  The east side of Loon Lake is upland and is developed with cottages.  The west side of the lake is predominantly wetland and remains in a natural state.  

The primary concern of the Loon Lake Management District has been control of Eurasian watermilfoil (Myriophyllum spicatum), an invasive exotic plant that has been present in the lake since at least 1995.  Eurasian watermilfoil quickly reached nuisance levels in this shallow lake - greatly impairing recreational uses and aesthetics. Early management efforts directed at controlling Eurasian watermilfoil included mechanical weed harvesting and then stocking of the milfoil weevil (Euhrychiopsis lecontei).  Neither method was effective in controlling the plant. 

In 2002 the Loon Lake Management District retained Aquatic Biologists, Inc. (ABI) to help develop and implement a program to control Eurasian watermilfoil in Loon Lake.  A comprehensive survey conducted by ABI in 2002 found a total of 87.7 acres of Eurasian watermilfoil in Loon Lake (Figure 1).  The management plan produced with the results of this survey recommended treatment with 2,4-D herbicide as the most viable option.  On June 3, 2003, all of the visible milfoil beds were treated with Navigate® (granular 2,4-D)- a total of 84.4 acres – at a rate of 100lbs/acre.  Within two weeks all of the milfoil in the lake appeared to be dead, but after one month scattered re-growth began to appear throughout the lake.  

Follow-up Treatments

A total of 48.6 acres of Eurasian watermilfoil were found remaining in Loon Lake during the September 2003 post-treatment survey (Figure 1).  DNA analysis, performed by Dr. Michael Moody from the University of Connecticut, determined that the remaining milfoil was a hybrid form (pers. communication).  This hybrid is a cross between Eurasian watermilfoil and a native milfoil. This milfoil hybrid may exhibit the aggressive growth characteristics of Eurasian watermilfoil, but may have the herbicide resistance of the native parent.  Because treatment success was less than that typically found, Applied Biochemists, the manufacturers of Navigate®, donated enough herbicide to retreat Loon Lake.  On September 18, 2003, 46.2 acres of Eurasian watermilfoil were treated.  A total of 8,700 lbs of Navigate were used in this treatment, averaging 188.3 lbs per acre.  

This report describes, in detail, the work conducted on Loon Lake in 2004.  This work included additional herbicide treatments to control Eurasian watermilfoil, mapping of surviving milfoil beds, an aquatic plant survey, and water quality testing.  Data from previous surveys conducted on Loon Lake have also been incorporated for a basis of comparison.  This report is intended to satisfy the requirements for the following two grant agreements: the Loon Lake Aquatic Invasive Species Study, Project Number ASPL-002-04, and the Loon Lake Eurasian Watermilfoil Treatment Project, Project Number ALPT-007-04-Revised.

2004 Treatments

In an effort to increase the effectiveness of herbicide treatments, an early spring treatment with the herbicide Aquathol K® (endothol) was scheduled.  This treatment was conducted on May 5, 2004.  All 48.6 acres where milfoil was found in the 2003 follow up survey were treated at a rate of 1.0 ppm.  

In October 2004, two locations in Loon Lake were chosen for experimental treatments of Eurasian watermilfoil.  The objective of these treatments was to determine the effectiveness of fall herbicide treatments in the control of milfoil, and to compare treatment success with the Spring 2004 treatment with Aquathol K®.  A two-acre bed along the north shore of the lake was treated with Aquathol K® at a rate of 1.0 ppm.  An additional one-acre plot off the southeast shore near the Loon Creek outlet was treated with 150 lbs of Navigate®.

Methods

Exotic species mapping

In October 2004, the location and extent of remaining or returning Eurasian watermilfoil and curly-leaf pondweed beds was identified visually and with the use of previous treatment maps.  The location of the beds, minimum and maximum depths, and distances from shore were measured and recorded on a contour map.  The area of plant beds was determined from map drawings using acreage grid analysis.  
Plant survey

The 2004 aquatic plant survey reproduced the methods used during the 2002 and 2003 plant surveys as follows:  A series of twelve transects (Figure 2 labeled A through L) were laid out on the lake – radiating at 60 degree intervals from two central points in the lake basin. Plant samples were collected at four quadrants along each transect using a tethered short-toothed rake.  Four rake tows were made in each quadrant, for a total of 192 rake tows.  All samples collected were identified to genus and to species whenever possible.  Data collected was used to determine the percent composition, percent frequency, and relative abundance for each species.  Percent composition data reveal what portion of the plant community is made up of a particular plant species while percent frequency data reveal how often in the plant survey a particular species is sampled.  Data from 2002 (pre-treatment) and 2004 were compiled and analyzed to determine whether differences between the surveys were statistically significant.  Paired t-tests for two sample means were run on the data using 95% confidence intervals.  

Water quality analysis

Chemical and physical water quality parameters assessed on July 10, 2004 included: total phosphorus, chlorophyll a, suspended solids, total dissolved solids, dissolved oxygen profile, temperature profile, water transparency (Secchi depth) and pH.

Secchi depths, dissolved oxygen and temperature profiles were taken at the deepest point of the lake.  Composite samples were made for other parameters from water collected one foot below the surface from six points around the lake (mid point along every other transect).  These samples were sent to the State Lab of Hygiene for analysis (Appendix 2).  Data were compared with that of past surveys to document changes in the lake.

Results and Discussion

Plant survey results 

A high diversity of aquatic plants (22 species total) was found during the July 6, 2004 plant survey.  Survey results by transect are shown in Table 1.  Tables 2 and 3 provide a comparison of the percent frequency and the percent composition, respectively, for the Loon Lake plant community in 2002 (pre-treatment) and 2004 (post-treatment).  Table 2 also reports the percent change in frequency by plant species and any statistical significance to these changes.  A statistical comparison of transect data for 2002 and 2004 is shown in Table 4.  This comparison shows which plant species had significant changes from the 2002 and 2004 surveys. 

The percent frequency of Eurasian watermilfoil (including hybrids) declined from 63.5% in 2002, to 14.6% in 2004.  Overall, milfoil declined in Loon Lake by 77%. 

In addition to controlling milfoil, another nuisance exotic species, curly-leaf pondweed, appears to have been eliminated as a result of the Aquathol® treatment.  Due to its invasive nature, it was thought that curly-leaf pondweed might reach nuisance levels by colonizing areas where milfoil was controlled – in effect, trading one nuisance exotic for another.  In 2002, curly-leaf pondweed was present at 6.8% frequency.  The following September (2003) plant survey did not find any curly-leaf pondweed.  This was most likely due to the plant’s unique growth characteristics.  Curly-leaf pondweed prefers cooler temperatures and typically dies back in late summer.  It would therefore not be expected to be found in a September plant survey.  However, the July 2004 survey, following Aquathol® treatment (the herbicide of choice in controlling curly-leaf pondweed) also did not find curly-leaf pondweed.  Since in is unlikely that curly-leaf pondweed would have died back by early July 2004, the lack of curly-leaf in the aquatic plant survey suggests it too had been controlled.  

Three additional species of pondweeds (Potamogeton spp.) showed significant declines between surveys conducted in 2002 and 2004.  Flat-stem pondweed (Potamogeton zosteriformis) showed an increase in frequency between 2002 (3.6%) and 2003 (14.6%), but the following year showed an overall significant decline to 1.6% frequency.  Illinois pondweed (Potamogeton illinoensis) and large leaf pondweed (Potamogeton amplifolius) also showed gradual declines from 2002 to 2004, 50% and 64%, respectively.  A number of other pondweed species showed slight declines between 2002 and 2004, or were found during the 2002 survey in small numbers but were not found in 2004.  These declines were determined not to be statistically significant.  Although the Aquathol® treatment in 2004 was conducted at rates that have been determined to only affect the nuisance exotic species, the treatment may have had an impact on the growth of native species, specifically the pondweeds.   It is also likely that environmental factors may have resulted in reduced pondweed growth.  As evidence of this, reductions in pondweed density in 2004 were also observed in a neighboring Washington Lake where no Aquathol® treatment was performed.  

The overall response by the native plant community was positive.  Statistically significant increases were found for bladderwort (Utricularia vulgaris) (155%), fern pondweed (Potamogeton robbinsii) (52%), and wild celery (Vallisneria americana) (185%).  The risk of non-target impacts increases when herbicide treatments are conducted on a high percentage of a lake’s littoral area, as was the case with Loon Lake.  The native plant species found in Loon Lake that are listed as potentially susceptible to Navigate® include northern watermilfoil (Myriophyllum sibericum), water stargrass (Zosterella dubia), bladderwort, white water lily (Nymphaea odorata), spatterdock (Nuphar variegata), watershield (Brasenia schreberi) and coontail (Ceratophyllum demersum).  It is important to note that none of these species experienced statistically significant declines following treatment.

Another finding of the plant survey was the significant increase in the frequency of rake tows where no plants were found.  In 2002 the percent frequency was 6.8.  By 2004, it had increased to 26.6%.  In 2002 the maximum extent of rooted vegetation was approximately 9 feet deep.  In 2004 the maximum extent of rooted vegetation was approximately 7 feet deep.  Impairments to the water quality in Loon Lake are likely to blame for this change.  Declines in water clarity can inhibit plant photosynthesis in deeper waters.  Water clarity in Loon Lake may have declined due to a number of factors.  Declines of this nature are often seen as large amounts of nutrients are released from decaying milfoil following herbicide treatment.  A review of historical water clarity data, however, suggests that wide swings in water clarity are part of the natural cycle of events on Loon Lake.  From 1990 to 2004, Secchi disc readings ranged from a high of 10.5 feet to a low of 2.8 feet (see attached data).  Seasonal averages for the same period ranged from 3.5 to 8.1 feet.  It is reasonable to assume that maximum extent of rooted vegetation would fluctuate correspondingly.

Exotic species mapping
Figure 3 shows the extent of Eurasian watermilfoil still remaining as of October 2004.  Curly-leaf pondweed was not located in Loon Lake at the time of the mapping effort.  Approximately one half of the remaining milfoil, l4.1 acres, lie scattered in the lily beds along the west and south lakeshores and the southern edge of the island.  Generally, milfoil plants growing amidst lilies or other plant species considered potentially susceptible to Navigate® treatments, are left untreated or treated at lower rates as to lessen the impact on the native species.  The remaining 13.7 acres are located in narrow beds throughout the lake.

Water quality impacts

Large-scale herbicide treatments have potential to negatively affect water quality through decomposition of dead plant matter.  Bacterial decomposition of dead plant matter may lead to anoxic conditions that cause fish kills.  Decaying plants also release nutrients into the water column that can fuel algae blooms.  Both algae blooms and suspended dead plant matter may cause a decline in water clarity.  These potential side effects were specific concerns for Loon Lake.  However, water quality parameters, specifically chlorophyll a, total phosphorus and dissolved and suspended solids (Table 5) did not appear to change substantially in post treatment surveys, indicating that water quality was not adversely affected by treatments.

A comparison of 2002, 2003, and 2004 dissolved oxygen profiles is shown in Table 6 and Figure 4.  In terms of available oxygen, 2003 data show a slight improvement over 2002.  In 2002 anoxia occurred below 15 and 13 feet in June and September, respectively.  In 2003 anoxia was found below 17 and 13 feet in June and September, respectively.  In 2004 anoxia was found below 15 feet in July.  Thus the treatments did not appear to influence lake oxygen profiles.

Conclusions and Recommendations
The herbicide treatments conducted on Loon Lake produced positive results. The long-term goal of the Loon Lake Management District has been to reduce Eurasian watermilfoil to below 15% frequency.  Results of a July 6, 2004 plant survey indicated that after the spring 2004 treatments, this goal had been met.  Milfoil was effectively reduced to sub-nuisance levels – restoring boating, fishing and swimming opportunities to the lake.   Lakefront property owners have noted they are no longer contending with hundreds of pounds of washed up milfoil along their shorelines.  Changes to the lakebed have also been observed by lake users.  These observations suggest that the reductions in Eurasian watermilfoil densities following treatments have resulted in a change in the depositional patterns of organic matter.  It is theorized that prior to treatment, dense milfoil beds baffled wave action.  As a result, rates of siltation increased in these areas causing a build-up of organic sediment.  With the removal of milfoil, wave action was no longer impeded and certain muck-covered areas of the lakebed were able to return to more sandy conditions.  However, no substrate analysis was conducted to further investigate these observations.  Instead, this hypothesis is based solely on lake user observations.

Although certain pondweed species may have been affected during herbicide treatment, in general many other native plants have survived well.  Dissolved oxygen profiles and water quality were unaffected.  As an added benefit, curly-leaf pondweed was controlled.   Because of these positive results, this milfoil control strategy should be continued on Loon Lake for as long as milfoil is potentially problematic.  

It is likely curly-leaf pondweed will return to Loon Lake either as new infestations or as a result herbicide treatment survival.  It is recommended that a contingency plan be developed for curly-leaf pondweed or any other nuisance aquatic species.   It is recommended that District members continuously educate themselves and monitor Loon Lake for the presence of exotic species.  In addition to monitoring, this plan should also include allocating funds in the event of new infestations.    

Results of the experimental fall treatments suggest that fall 2,4-D treatments are more effective at controlling Eurasian watermilfoil than either spring or fall endothall treatments.  Two weeks following treatments, changes in plant bed size were assessed.  No noticeable changes to the bed size or density were seen in the northern plot treated with endothall.  In the eastern plot treated with 2,4-D, a significant decrease in bed size and density resulted.  Very few plants were located two weeks following treatment.  As a result, continued use of Navigate® (2,4-D) to control Eurasian watermilfoil in Loon Lake is warranted. 

Since the goal of reducing the frequency of Eurasian watermilfoil to below 15% was achieved.  It is recommended that a shift in the management strategy for Loon Lake be implemented.  It is recommended that the next Navigate® treatment for Loon Lake take place in Spring 2005.  During the initial treatment, milfoil was uniformly treated at the minimum labeled rate of 100 lbs./acre.  Due to the likelihood of herbicide resistance in the remaining hybrid milfoil, this treatment strategy should be modified.  To increase efficacy during re-treatments, higher rates should be applied where it is possible to do so without harming native plants.  In sensitive areas, such as in the lily beds, this treatment should be applied at no more than 125 lbs/acre of Navigate®.  Additionally, because of the resistance to herbicides exhibited by the hybrid milfoil, it is recommended that milfoil beds outside of the lilies be treated at elevated rates up to 200 lbs per acre.  

Treatment goals and monitoring

The Loon Lake Management District should continue with the goal of maintaining Eurasian watermilfoil and its hybrids below 15% frequency.  Follow-up monitoring will be critical to the success of this milfoil control program.  Quantitative plant and water quality surveys, such as those presented in this report, should be continued to accurately assess the extent of exotics, treatment effectiveness, and impacts to native plants and water quality.  

AIS Grants

In July 2004 ABI assisted the Loon Lake Management District in applying for an Aquatic Invasive Species Prevention and Control Grant through the Wisconsin Department of Natural Resources.  This application was successful, and the grant was awarded for the period of 2004 through 2006.  This grant will cover 50% of all project costs associated with controlling milfoil in Loon Lake.  Project elements include treatments, lake monitoring, educational materials, boat landing inspections and warning signs, plant surveys and reports.  The complete grant narrative is presented in Appendix 1.

Appendix 1.  

Loon Lake 2004-2006 AIS Grant Proposal narrative

Appendix 2.

State Lab of Hygiene water testing results

Appendix 3.

Water clarity and trophic state data 1990-2001

Self-Help water clarity data from 2002-2004
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