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INTRODUCTION / SUMMARY 
The Bughs Lake Management District (BLMD or the District) is a group responsible for the management of 
Bughs Lake’s aquatic invasive species (AIS), particularly hybrid Eurasian water-milfoil (Myriophyllum 
spicatum x sibiricum – HWM).  Wisconsin Lake & Pond Resource, LLC (WLPR) was contracted by the District 
to provide aquatic plant surveys and a report summarizing prior management actions and results and 
historical comparisons for the Lake.  WLPR furnished all labor, materials, tools and equipment necessary to 
perform all operations.  This report provides a summary of observations and conclusions for the 
management of AIS and recommendations for the upcoming 2018 season under requirements from a 
WDNR AIS management grant. 

Waterbody Morphology

Bughs Lake is a 30 acre natural seepage lake located just outside the City of Wautoma, Waushara County, 
Wisconsin with a maximum depth of 16 feet and mean depth of 9.7 feet.  The Bughs Lake Management 
District is an active lake District that has been managing aquatic plants on the lake through chemical 
treatments.  Hybrid water-milfoil and curly-leaf pondweed (CLP), both AIS, are present within the 
waterway, with only HWM actively managed for control. 

Aquatic Plant Management Background

The aquatic plant community of Bughs Lake has been healthy, though periodically dense.  However, 
introduction of aquatic invasive species has caused an expanding problem with excessive aquatic plant 
growth.  Eurasian water-milfoil, now confirmed as hybrid water-milfoil, has caused the most significant 
problem within Bughs Lake, requiring active management through herbicide applications.  However, it still 
grew dense, choking out native species and hampering navigation while compromising a large percentage 
of the Lake’s surface area.   

Of particular note, the strain of EWM present within the Lake was confirmed as a hybrid between native 
water-milfoil and Eurasian water-milfoil.  Often times hybrid EWM strains show resistance to typical 
systemic herbicides used for management, primarily 2,4-D in the State of Wisconsin.  This can make 
meaningful reductions of HWM populations difficult.  Past management of HWM in Bughs Lake included 
multiple whole-lake volume dosed herbicide applications, primarily with 2,4-D, and with little results.  For 
further information regarding these applications please reference the Bughs Lake 2016 Aquatic Plant 
Management Report. 

Continued management of HWM within Bughs Lake is a great financial burden for the District.  Couple this 
with diminishing results and the need for new management techniques going forward, the District applied 
for and was awarded a DNR aquatic invasive species control grant in the winter of 2015 for management 
of HWM from 2015-2018.  This grant provided an outline for new management techniques and 
monitoring throughout these years. 
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2016 Aquatic Plant Management

Since the HWM present in Bughs Lake would likely see little in the way of positive results by continuing use 
of 2,4-D and/or endothall, as witnessed by past management results.  Management of HWM within Bughs 
Lake for 2016 was chosen to be completed with a pelletized slow-release formulation of fluridone 
(SonarONE).  Application consisted of an initial treatment of 4.0 ppb to areas of HWM growth with an 
anticipated whole-lake rate of 2.0 ppb and a second “bump” treatment applied 45-70 days after initial 
application to maintain fluridone concentrations between 2 – 4 PPB for 120 days and beyond, based on 
residual sample results.  WLPR, on behalf of the District, was issued a permit to chemically treat up to 23 
acres of HWM (Figure 1) during the 2016 season by the Wisconsin Department of Natural Resources 
(WDNR).  

The first fluridone application for management for HWM was completed on May 10, 2016 at a dose of 4.0 
PPB.  To track results and timing for the bump treatment, residual samples were taken at three locations at 
set intervals of days after treatment (DAT) and analyzed by SePRO labs.  The initial bump application was 
completed on June 9, 2016 at 3.0 PPB with a second bump application of 2.0 PPB on September 5, 2016 to 
maintain target rates for 120+ DAT.  

Residual sampling continued throughout 2017, most recently on October 31, 2017 (539 DAT) and showed 
a liner decline of fluridone to 1.1 ppb of still present.  Levels near this rate are expected to over-winter 
within the lake as degradation of fluridone slows considerable due to limited sunlight and reduced water 
temperatures. Though the target of maintaining a minimum of 2.0 PPB for 120+ was been achieved there 
were still green, actively growing plants of HWM noted during the 2016 and 2017 point-intercept surveys.  
Residual sample result averages are depicted below. 
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Aquatic Plant Surveys 

The year prior to treatment, the aquatic plant community of the lake was surveyed on July 9, 2015 by the 
District’s consultant. The survey was completed according to the point-intercept sampling method 
described by Madsen (1999) and as outlined in the WDNR draft guidance entitled “Aquatic Plant 
Management in Wisconsin” (WDNR, 2005) and was used to map and verify areas of AIS growth prior to 
management.  This survey was repeated year-of post-treatment on September 9, 2016 and again on June 
27, 2017 by WLPR. 

In total, 103 individual locations were created to be sampled and spaced on a 30 meter grid.  Eight 
additional points were added in 2017 to fill in near-shore gaps within the sampling grid.  Latitude and 
longitude coordinates and sample identifications were assigned to each intercept point.  Geographic 
coordinates were uploaded into a global positioning system (GPS) receiver.  The GPS unit was then used to 
navigate to intercept points.  At each intercept point, plants were collected by either tossing a specialized 
rake on a rope in depths 15’ or greater or by using a specialized rake on a pole in depths less than 15’ by 
dragging the rake along the bottom sediments.  All collected plants were identified to the lowest practicable 
taxonomic level (e.g., typically genus or species) and recorded on field data sheets.  Visual observations of 
aquatic plants were also recorded. Water depth and, when detectable, sediment types at each intercept 
point were also recorded on field data sheets. Further description of methods used and data calculated 
from these surveys are included in Appendix A. 

2017 AQUATIC PLANT SURVEY

The entire aquatic plant community was surveyed on June 27, 2017 by WLPR and repeated sampling at the 
same 103 sample points from 2015 and added eight points to fill in near-shore gaps.  The survey was 
completed according to the point-intercept sampling method described by Madsen (1999) and as outlined 
in the WDNR draft guidance entitled “Aquatic Plant Management in Wisconsin” (WDNR, 2005) and was 
used to map and verify areas of AIS growth and native plant species.  In 2017, vegetation was identified to a 
maximum depth of 17 feet (photic zone).  Aquatic vegetation was again detected at 83.7 percent (%) of 
photic zone intercept points.     

The aquatic plant community showed recovery with some continued impact from 2016 HWM management 
with many aquatic plant community indicators increasing from the 2016 survey and above 2015 pre-
treatment levels.  The Simpson Diversity Index (SDI) value of the community was 0.84 with an average of 
1.85 native species identified at points with vegetation.  Table 1 below summarizes the overall aquatic 
plant community statistics along with 2015 and 2016 results.   
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Table 2 in Appendix B includes the abundance statistics for each species from each survey. The following 
chart displays frequency of occurrence for all species sampled from 2015-2017. 

2015 2016 2017
Number of sites sampled 103 103 111
Number of sites with vegetation 103 102 87
Number of sites shallower than maximum depth of plants 103 102 104
Frequency of occurrence at sites shallower than maximum depth of plants (%) 100.0% 100.0% 83.7%
Simpson Diversity Index 0.8 0.73 0.84
Maximum Depth of Plants (Feet) 16 15.5 17
Taxonomic Richness (Number Taxa - includes visuals) 10 10 13
Average Number of Species per Site (less than max depth of plant growth) 2.91 1.78 1.75
Average Number of Species per Site (sites with vegetation) 2.91 1.78 2.09
Average Number of Native Species per Site (less than max depth of plant growth) 2.15 1.75 1.55
Average Number of Native Species per Site (sites with vegetation) 2.15 1.75 1.85

Table 1:  Aquatic Plant Community Statistics.  Bughs Lake, Waushara County, Wisconsin.
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The most abundant aquatic plant identified during the 2017 aquatic plant survey was coontail 
(Ceratophyllum demersum).  It exhibited a 42.3% frequency of occurrence (percent of photic zone intercept 
points at which the taxa was detected) and had a 24.2% relative frequency of occurrence.  Coontail has 
been the most common native species found during each survey and grows throughout much of the lake 
and can form dense colonies. 

Illinois pondweed (Potamogeton illinoensis) was the next most abundant species, occurring at 40.4% of 
photic zone sample points and had a 23.1% relative frequency of occurrence.  Illinois pondweed has also 
been one of the most common species historically sampled, often occurring at or above 40% of the photic 
zone.  Illinois pondweed is also a beneficial species that provides important habitat for fish.  However, this 
species does grow dense in Bughs Lake, often times reaching the surface and hampering navigation even in 
depths of 8 ft. 

The third most abundant aquatic plant identified in 2017 was variable pondweed (Potamogeton 
gramineus). Variable pondweed was sampled at 21.2% of photic zone points with a 12.1% relative 
frequency of occurrence.  Like Illinois pondweed, variable pondweed is a broad-leaved plant that can 
provide important fisheries habitat and grow dense in Bughs Lake.  Illinois pondweed and variable 
pondweed commonly hybridize when both are present in a system.  This creates a difficulty in identifying 
between pure-strain Illinois and variable pondweed from the hybrid species in the field.  Both species are 
present in Bughs Lake and it’s likely a hybrid between the two also exists. 

Two AIS, curly-leaf pondweed and HWM, have been confirmed in Bughs Lake with only HWM present in 
past surveys.  Historically, curly-leaf pondweed has been present in Bughs Lake but never showed 
aggressive growth tendencies common in other lakes, simply being a background part of the aquatic plant 
community.  None was directly sampled during the 2016 survey but small populations of CLP were noted 
during the May, 2016 treatment. 

During the 2017 survey CLP was greatly increased and found at 18.3% of photic zone sample points with a 
relative frequency of 10.4%.  A majority of the plants sampled were individual plants scattered in native 
vegetation and all at a rake density of 1.  A small, dense bed of approximately 20-40 square feet was noted 
on the north side of the Lake between sample locations.  Locations of CLP sampled are depicted on Figure 3. 

Hybrid water-milfoil was sampled at 76.7% of points in 2015 prior to treatment (Figure 1).  Since then it 
has been greatly reduced to 3.9% in 2016 (Figure 2) and 1.9% in 2017 (Figure 3).  Though the HWM 
present was exposed to a potential lethal rate of fluridone for over 120 days of contact time there was some 
new growth noted on plants sampled on the day of the last bump treatment September 9, 2016  and again 
in 2017.  However, the new growth noted in 2017 was visibly impacted by residual fluridone still present 
(approximately 1.5 PPB) and remained small, only growing up to 12” off the sediment. 

An additional visual survey of Bughs Lake was conducted by DNR personnel in late summer, 2017.  The 
WDNR completed a scuba survey throughout a portion of the lake, visually surveying the lake bed and 
plants for populations of HWM.  At this time they only found 3-5 individual plants of HWM.  These plants 
were hand pulled, removed from the Lake, and also noted as very small, growing only 4-8” off the sediment. 
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Floristic Quality Index 

Higher FQI numbers indicate higher floristic quality and biological integrity and a lower level of 
disturbance impacts. FQI varies around the state of Wisconsin and ranges from 3.0 to 44.6 with the average 
FQI of 22.2 (WDNR, 2005).  Calculation allows for the comparison of waterbodies to one another within the 
same eco-region of the State.  Bughs Lake lies within the North Central Hardwoods Forests eco-region. 

Lakes within the North Central Hardwoods eco-region are typically natural lakes created by glaciation. 
Bughs Lake is found near the southeastern edge of the eco-region, within the central sand ridges.  Lakes 
within this area are primarily seepage lakes that can have fluctuating water levels, especially during dry 
years, due to the mainly sandy soils.  Land use varies within the region from primarily forest to agricultural 
watersheds, with most lakes having at least moderate development along the shoreline. 

Aquatic plant communities are impacted slightly by this level of nearshore development, with both the 
average Coefficient and FQI for lakes within the region below State averages, showing a more disturbed 
community.  For Bughs Lake the 2017 average coefficient (5.73) is increased from 2016 and now slightly 
above the ecoregion mean of 5.6.  This indicates a plant community typically associated with moderate 
disturbance levels and quality.  Past management of AIS within Bughs Lake has been aggressive and has 
likely impacted the composition of the aquatic plant community within. 

Floristic quality index for Bughs Lake has historically been moderately low for the eco-region, falling near 
the lower quartile value.  The FQI calculated from the 2017 aquatic plant survey data also increased and 
was 19.00, still below the eco-region average.  It is encouraging that both community metrics are increasing 
after a successful whole-lake management regime for HWM, showing continue recovery of the native plant 
community.  Table 4, Appendix B displays the expanded breakdown of FQI by species.  

MANAGEMENT RESULTS 

A large scale whole lake HWM management regime was conducted that included maintaining 
concentrations of active ingredient (fluridone) between 2 – 4 PPB for 120 or more days.  When applying 
herbicide of any type to an aquatic environment it is impossible to limit target to one individual species as 
all aquatic plants will be exposed to the same conditions.  When designing whole-lake herbicide 

Quartile* Lower Mean Upper Lower Mean Upper
Wisconsin Lakes 5.5 6 6.9 16.9 22.2 27.5
North Central Hardwoods Forests 5.2 5.6 5.8 17 20.9 24.4

2017
2016
2015 5.89 17.67

Average Coefficient of Conservatism Floristic Quality

5.33 16.00

Table 3:  FQI and Average Coefficient of Bughs Lake Compared to Wisconsin North Central Hardwoods Forests

5.73 19.00
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applications this is taken into account and dosed to be as minimally injurious to non-target species as 
possible while giving the greatest level of control to the target invasive plant. 

Native Aquatic Plant Species 

To assess changes between 2017 and previous surveys, statistical analysis was completed using a Chi-
square test with a 5% Type-I error rate.  This error rate is standard in ecological studies and equals that 
there is a 5% chance of claiming statistically significant change when no real change occurred.  Only those 
species that display a p-value of 0.05 or lower changed significantly population-wise between years.  To 
calculate these values, the total number of sample locations each species was found at is compared 
between years.  Table 5 displays statistical changes, if any, for each species sampled in 2017 versus 2015 
and 2016 surveys. 

The 2017 survey was completed following a whole-lake fluridone application with a mixed impact to native 
species.  Four native species saw a statistically significant decline from 2015 to 2017; coontail, common 
waterweed, southern naiad, and white-stem pondweed.  Of these species common waterweed and 
southern naiad experienced their largest decline from 2015 to 2016 with both of them absent in 2017.  
Decline of these species is not unexpected, however, as both have shown significant declines in other lakes 
during fluridone treatments and coontail remained the most common species sampled.  White-stem 

P-value Significance + / - P-value Significance + / -
Hybrid water-milfoil 1.51877E-29 ***  0.356677482 n.s. 

Curly-leaf pondweed 1.08906E-05 ***  1.08906E-05 *** 

Coontail 1.05757E-06 ***  1.05757E-06 *** 

Muskgrass 0.160035023 n.s.  0.160035023 n.s. 

Needle spikerush 0.334270029 n.s.  0.334270029 n.s. 

Common waterweed 2.04821E-20 ***  0.036091254 * 

Water star-grass 0.029287471 *  0.029287471 * 

Southern naiad 3.32926E-08 ***  --- --- ---
Leafy pondweed --- --- --- 0.298087775 n.s. 

Variable pondweed 0.01116466 *  0.431851735 n.s. 

Illinois pondweed 0.767831623 n.s.  0.150068009 n.s. 

Floating-leaf pondweed 0.517566751 n.s.  0.517566751 n.s. 

White-stem pondweed 0.04302269 *  0.277606054 n.s. 

Small pondweed 0.001037002 **  0.001037002 ** 

Sago pondweed 3.34667E-06 ***  0.292501938 n.s. 

Wild celery 0.605440288 n.s.  0.171090301 n.s. 

All native pondweed species 0.003075933 **  0.169914337 n.s. 

2017 v 2016
Table 5:  Statistical Significance of Species Between Sampling Events.  Bughs Lake, Waushara County, Wisconsin

* - somewhat significant change, ** - moderatly significant change, *** - very significant change
n.s. - Change not significant
--- - Species was not sampled in both comparison years

2017 v 2015
Species
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pondweed decreased only slightly from 2016-2017 and was visually noted growing in locations between 
direct sample points. 

 A complete absence of naiad species was again noted in 2017 when fluridone residuals remained above 1 
PPB.  This follows data from Silver Lake, Kenosha County which also saw all three naiad species absent the 
year of a fluridone application.  Once fluridone levels decreased below detectable levels naiad species were 
again sampled in Silver Lake.  This trend is also expected to occur for Bughs Lake. 

Positively, four native species increased significantly from pre-treatment 2015 levels, including variable 
pondweed and sago pondweed along with small pondweed and water star-grass, both of which were newly 
identified in Bughs Lake.  Similarly the sum of all pondweed specie’s frequencies increased significantly 
following the fluridone treatment and reduction of HWM.  Two species, needle spikerush and small 
pondweed, were first found in 2017. 

When completing management of AIS on a whole-lake basis it is impossible to have no non-target impacts 
to native vegetation.  Impact to native species can only be mitigated based on application rates, timing, and 
active ingredient applied.  A balance must be reached between an acceptable level of target AIS reduction 
and non-target impacts.  In Bughs Lake, a significant reduction of HWM was achieved while two species of 
native plants, common waterweed and slender naiad, were not found in 2017 and coontail has been 
significantly reduced.  On the other side, the plant community’s health as a whole has increased from 2015 
pre-treatment levels as noted by increased FQI, average coefficient of conservancy, species diversity, and 
SDI. 

The fluridone application to Bughs Lake had, in our opinion, and acceptable level of non-target impacts.  
Two species that saw significant reductions, coontail and common waterweed, were found at near nuisance 
levels in 2015 along with HWM.  These two species also are the largest nuisance-causing native species in 
Wisconsin and often grow dense in many other Lakes throughout the State.  The reduction of these species 
is outweighed by the increase of native pondweed species distribution, overall species diversity, and 
increased evenness in distribution of all species present as noted in the increased SDI.  Additionally, both 
species are expected to be found in future surveys. 

Aquatic Invasive Species 

HWM management within Bughs Lake shows a significant 97.5% reduction (Figure 3) and results should 
be viewed as a successful outcome following the 2016 fluridone application.  However, some HWM remains 
and should be monitored within Bughs Lake.  Tolerance of some HWM strains to 2,4-D is a known problem 
and was created by repetitive management regimes of 2,4-D that merely injured a Lakes population of 
EWM/HWM by killing the most susceptible plants and leaving behind more resistant strains.  This same 
scenario may occur in Bughs Lake with a potential resistance to low levels of fluridone.  A fluridone 
application was completed in Bughs Lake in 2000 at 6.0 PPB without a manufacturer recommended bump 
application to maintain rates.  This greatly reduced HWM presence in year-of and year after treatment, but 
plants quickly regrew thereafter and were back at pre-treatment levels by 2002. 

Even as a successful application was completed again in 2016, this may show that a higher dose of 
fluridone may be required in Bughs Lake to future control, if necessary.  It’s possible that the specific strain 
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of HWM present is considerably tougher to control than others around Wisconsin as even shorter term 
exposer for up to 6 PPB has not been successful in the past in Bughs Lake.  These rates are higher than 
those recorded during residual sampling. 

Curly-leaf pondweed showed a dramatic, statically significant increase in 2017 to a frequency of 18.3% 
compared to prior surveys where it was visually noted only.  Increase of CLP may be due to two factors. 
First, prior surveys were completed later in the year after curly-leaf pondweed had likely naturally died 
back.  Second, the decrease of HWM and other plants may have opened habitat for CLP to grow.  Since CLP 
has been present in Bughs Lake since 2006 it is likely a combination of these two factors that led to an 
increase. 

Though CLP presence has potentially increased it remained sparse when sampled without any dense, 
monotypic stands identified.  In some lakes CLP simply blends with the native plant community and does 
not become a nuisance.  For Bughs Lake it is still too early to tell if this is the case, further surveys are 
required to monitor its future impact. 

2018 MANAGEMENT RECOMMENDATIONS

It is important that appropriate management actions continue on a yearly basis to ensure that nuisance 
invasive aquatic plant growth does not reach unmanageable levels.  Results are highly positive, as a 
continued decline of HWM was noted from 2016-2017.  Plants of HWM present were highly scattered, 
small, low-growing, and visibly impacted by fluridone remaining in the Lake.  The native plant community 
was expected to see some impact, as seen by the above data.  However, the gains in diversity and 
distribution of the native species outweigh the non-target impacts to select species. 

Curly-leaf pondweed increased significantly, but its true impact to Bughs Lake is not yet known.  No direct 
management of CLP is recommended, however and early-season survey to assess its abundance is highly 
recommended.   Additionally, it is recommended to complete a second point-intercept survey and mapping 
of the entire aquatic plant community in 2018 to ensure AIS control and more accurately assess full results 
and recovery from the 2016 treatment. 

When revisiting some past fluridone treatment data (Hidden Springs Lake, Waushara County -  2014,) it 
was noted that the residuals never dipped below 3 PPB and were maintained between 3 – 5 PPB for the 
effective length off the treatment,  essentially the entire growing season, for 120+ DAT. Frog Lake (2013) 
also had residuals which stayed over 3 PPB for approximately 90 DAT. Interestingly, both Lakes were likely 
over 2 PPB lake-wide concentrations of fluridone upon ice up.  To achieve desired control of HWM while 
minimizing impact to non-target native a “sweet spot” for in-water concentrations of fluridone during 
active treatment between 3-4 PPB perhaps exists, especially on lakes that have a history of heavy 
management activities.  

The unpredictability of early season release off the carrier or pellet with products such as SonarOne can be 
a challenge in whole lake dosing, as seen on Bughs and to a lesser extent Silver Lake (Kenosha County). In 
future applications this could possibly be offset by using a combination of both liquid and granular 
controlled release formulations together for the initial application. This would give a base, immediately 
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available residual with a liquid product such as Sonar Genesis applied at 2 PPB in conjunction with a 
controlled or slow release product, such as SonarOne, applied at the same time at a rate of 3-4 PPB to stay 
within the desired residual range. These would work well together as one begins to degrade (liquid) 
immediately after it is applied while the other is being actively released off the pelletized carrier for 
extended residual rates, creating a more linear and predictable residual pattern. 

Though HWM has been reduced from historical levels, complete extirpation of this AIS from the lake is 
extremely difficult.  Current populations of all aquatic plant species will fluctuate yearly and control actions 
should be altered accordingly.  It is possible, as AIS populations are reduced and come under control to a 
small and more manageable size, that District members can monitor the lake for historic and new AIS 
infestations and contract with a qualified consultant on an as-needed basis for removal or management, as 
a cost saving measure. 

One such method of AIS management for small infestations is Diver Assisted Suction Harvesting, or DASH.  
During DASH divers in the water are able to hand pull specific plants, including roots.  Harvested plant 
material is then suctioned on-board a support boat, bagged, and removed from the lake.   Though labor 
intensive, this type of harvesting is effective in selecting out individual stands or target species while 
significantly impacting non-target plant species.

During the 2017 survey only small, scattered single plants of HWM were noted withing Bughs Lake and 
often growing low and below the canopy of native aquatic plant species.  To control the remaining 
population of HWM in Bughs Lake the use of a DASH program is recommended.  Areas of the lake with 
HWM present will be mapped and noted prior to  harvesting and removed by DASH.  This technique will 
compliment the work already completed by the District and ensure protecting Bughs Lakes from a re 
infestation of HWM.

Because of the District’s proactive approach in dealing with AIS, the current populations of HWM within 
the Lake have significantly decreased, improving the health and ecosystem.  However, the Bughs Lake 
Management District should continue to be involved in some type of aquatic plant management program to 
help monitor and manage nuisance aquatic plant growth of AIS, if present, posing recreational 
impediments to riparian property owners and lake users.  AIS are extremely opportunistic plants and can 
grow to nuisance levels in a very short period of time.  Continued monitoring and possible management 
actions must occur to ensure that the health, aesthetic and recreational value of the lake is not degraded. 
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Appendix A 
Supporting Aquatic Plant Survey Methods and Documentation

The point-intercept method was used to evaluate the existing emergent, submergent, floating-leaf, and free-
floating aquatic plants. If a species was not collected at a specific point, the space on the datasheet was left 
blank. For the survey, the data for each sample point was entered into the WDNR “Worksheets” (i.e., a data-
processing spreadsheet) to calculate the following statistics: 

• Taxonomic richness - the total number of taxa detected

• Maximum depth of plant growth

• Community frequency of occurrence - number of intercept points where aquatic plants were detected
divided by the number of intercept points shallower than the maximum depth of plant growth

• Mean intercept point taxonomic richness - the average number of taxa per intercept point

• Mean intercept point native taxonomic richness - the average number of native taxa per intercept point

• Taxonomic frequency of occurrence within vegetated areas - the number of intercept points where a
particular taxon (e.g., genus, species, etc.) was detected divided by the total number of intercept points
where vegetation was present

• Taxonomic frequency of occurrence at sites within the photic zone - number of intercept points where a
particular taxon was detected divided by the total number of points which are equal to or shallower than
the maximum depth of plant growth

• Relative taxonomic frequency of occurrence – the number of intercept points where a particular taxon was
detected divided by the sum of all species’ occurrences

• Mean density - the sum density values for a particular species divided by the number of sampling sites

• Simpson Diversity Index (SDI) - an indicator of aquatic plant community diversity. SDI is calculated by taking
one minus the sum of the relative frequencies squared for each species present. Based upon the index of
community diversity, the closer the SDI is to one, the greater the diversity within the population.

Floristic Quality Index (FQI) - This method uses a predetermined Coefficient of Conservatism (C) that has been 
assigned to each native plant species in Wisconsin, based on that species’ tolerance for disturbance. Non-native 
plants are not assigned conservatism coefficients. The aggregate conservatism of all the plants inhabiting a site 
determines its floristic quality. The mean C value for a given lake is the arithmetic mean of the coefficients of all 
native vascular plant species occurring on the entire site, without regard to dominance or frequency. The FQI 
value is the mean C times the square root of the total number of native species. This formula combines the 
conservatism of the species present, with a measure of the species richness of the site. 
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Appendix B 
Tables 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

2015 2016 2017
Hybrid water-milfoil 76.70 3.92 1.92
Curly-leaf pondweed --- --- 18.27
Coontail 72.82 73.53 42.31
Muskgrass 4.85 4.90 10.58
Needle spikerush --- --- 0.96
Common waterweed 56.31 3.92 ---
Water star-grass --- --- 4.81
Southern naiad 24.27 --- ---
Leafy pondweed --- 0.98 ---
Variable pondweed 7.77 24.51 21.15
Illinois pondweed 39.81 48.04 40.38
Floating-leaf pondweed 1.94 1.96 0.96
White-stem pondweed 5.83 2.94 0.96
Small pondweed --- --- 10.58
Sago pondweed --- 13.73 20.19
Wild celery 0.97 --- 1.92
All native pondweed species 55.35 78.43 74.03

Species
Year Sampled

Table 2:  Frequency of Occurrence of Aquatic Plant Species by Year.  Bughs Lake, 
Waushara County, Wisconsin.

* - recorded as visual only
--- - species not sampled

Common Name 2015 2016 2017
Coontail 3 3 3
Muskgrass 7 7 7
Needle spikerush --- --- 5
Common waterweed 3 3 ---
Water star-grass --- --- 6
Southern naiad 8 --- ---
Leafy pondweed --- 6 ---
Variable pondweed 7 7 7
Illinois pondweed 6 6 6
Floating-leaf pondweed 5 5 5
White-stem pondweed 8 8 8
Small pondweed --- --- 7
Sago pondweed --- 3 3
Wild celery 6 --- 6

Total Species 9 9 11
Mean C 5.89 5.33 5.73

 Floristic Quality Index (FQI) 17.67 16.00 19.00

Table 4:  FQI Breakdown by species for Bughs Lake, Waushara 
County, Wisconsin
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Appendix C 
Figures 



Figure 1:  HWM 2015 Point-Intercept Survey 

Bughs Lake 

Waushara County, Wisconsin 

Surveyed: July 9, 2015 

WDNR AIS Grant ACEI-174-15 



Figure 2: AIS 2016 Post-Treatment Survey 

Bughs Lake 

Waushara County, Wisconsin 

Surveyed: September 2, 2016 

WDNR AIS Grant ACEI-174-15 



Figure 3: AIS 2017 Post-Treatment Survey

Bughs Lake 

Waushara County, Wisconsin 

Surveyed: June 27, 2017 

WDNR AIS Grant ACEI-174-15 
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