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In 2018, the Half Moon Lake Protection and Rehabilitation District completed an aquatic plant survey of Half Moon Lake to 

assess the distribution and growth density of all plants in Half Moon Lake. This document summarizes the results of the 

aquatic plant survey.  

Summary of Results 

The lake’s 2018 plant community was healthy, diverse, and 

of high quality. Changes since 2007 include increased 

diversity and improved quality of the plant community. 

Reduction in the frequency of filamentous algae since 2007 

suggests the water quality of the lake may have improved. 

A total of 5 aquatic invasive species (AIS) were observed in 

2018 (curly-leaf pondweed, yellow iris, reed canary grass, 

common forget-me-not, and hybrid cattail). In 2007, curly-

leaf pondweed was the only AIS observed. While none of 

the AIS currently in the lake are problematic, removal of the 

AIS from the lake if possible or managing them to contain 

them to low levels would prevent them from causing 

problems in the future. 

 

 

 

Recommendations 

The Half Moon Lake Protection and Rehabilitation 

District could work with WDNR staff to determine 

whether it is permissible to treat the 5 AIS species 

currently in the lake with herbicide. If permissible, 

WDNR staff would determine the appropriate herbicide 

to use for each AIS treatment. The District would need to 

obtain a WDNR treatment permit for each treatment. 

Follow up aquatic plant surveys are recommended to 

assess treatment effectiveness and to determine 

whether or not subsequent treatments are needed.  

A plant survey of the lake every 3 years is recommended 

to check for invasive species, assess the health of the 

plant community, and to evaluate changes since the 

previous plant survey. 
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An aquatic plant survey was performed on June 21-23, 2018 to assess the distribution and growth density of all 

plants in Half Moon Lake. A point intercept plant survey was completed using a rake to collect plant samples at 

734 equally spaced sample points (Figure 1). At each sample location, the overall quantity of plants on the rake 

was determined to evaluate plant density. Next, the individual species collected on the rake were identified. After 

identification of each species, the quantity of each individual species was determined to evaluate the plant 

density of each species at each sample location. Rake fullness was used to determine the overall quantity 

(density) of plants and the quantity (density) of individual species at each sample location. Rake fullness is 

measured on a scale of 1 to 3 where: 

1 = Only a few plants. There are not enough plants to entirely cover the length of the rake head in a 

single layer. 

2 = There are enough plants to cover the length of the rake head in a single layer, but not enough to 

fully cover the tines.  

3 = The rake is completely covered and tines are not visible. 

 

Water depth and dominant sediment type were determined and documented for each sample location. 

2018 Plant Survey Methods 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

A rake, pictured above, was 

used to collect the plants in 

the plant survey. 

Figure 1. Half Moon Lake Plant Survey Sample Points 



3 
 

 2018 Plant Survey Results 

The 2018 plant survey indicated the Half Moon Lake plant community was healthy and diverse. A total of 58 species were 

observed. The number of species in Half Moon Lake was more than 4 times greater than the median value for lakes in the 

same ecoregion (median value of North Central Hardwood Forests is 14) (Nichols 1999)1. The maximum depth of Half Moon 

Lake during the survey was 63.5 feet and plants were found growing up to the 25 foot depth. The area of the lake up to the 

25 foot depth is called the littoral area of the lake because this is the area of the lake in which plants were found growing. A 

total of 335 sample points were found in the littoral area of the lake and 213 sample points had vegetation. Hence, plants 

were found in 64 percent of the sample sites in the littoral area. Plant species abundance was balanced between many 

types and no single plant species dominated the plant community. In 2018, 71 percent of the lake’s plant species had a 

frequency of less than 10 percent (i.e., were found at less than 10 percent of the sample locations within the littoral area of 

the lake). The most prevalent species in Half Moon Lake, ranging in frequency from 20 percent to 28 percent, were 

muskgrass, fern pondweed, flat-stem pondweed, and variable pondweed (Figure 2). Half Moon Lake’ 

 

 
 

                                                           
1 Nichols, S.A. 1999. “Floristic Quality Assessment of Wisconsin Lake Plant Communities with Example Applications.” Journal of Lake and Reservoir 

Management 15 (2):  133-141. 

Figure 2. Frequency of Occurrence of Individual Species in the Littoral Area of Half Moon Lake 
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Plant density in Half Moon Lake was measured by rake fullness on a scale of 1 (low) to 3 (high). In 2018, plant density 

ranged from low to high (Figure 3). The average rake fullness in the lake’s vegetated sample sites was 1.8, indicating 

the rake head was generally less than ½ full. Nearly half of the individual species had an average rake fullness of 1, 

indicating a low density (only a few plants on the rake head). The most densely growing plant species in Half Moon 

Lake during 2018, ranging in average rake fullness from 1.5 to 2.0, were hardstem bulrush, spadderdock, white water 

lily, pickerelweed, fern pondweed, and muskgrass (Figure 4). 

 
Figure 3. Total Rake Fullness at Half Moon Lake Vegetated Sites 
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Simpson Diversity Index was used to measure the diversity of the 2018 Half Moon Lake plant community. The index, with 

scores ranging from 0 to 1, considers both the number of species present and the evenness of species distribution. The 

scores represent the probability that two individual plants randomly selected from the lake will belong to different species. 

A high score indicates a more diverse plant community—a higher probability that two randomly selected plants will 

represent different species. Half Moon Lake had a score of 0.95 which indicates the probability that two randomly selected 

plants will belong to different species is 95 percent. Hence, plant diversity in Half Moon Lake in 2018 was high. 

The diversity in the Half Moon Lake plant community was also measured by the number of plant species found at each 

sample site. The average number of individual species collected from vegetated sample sites was 4.26 and the range was 1 

to 11 (Figure 5). The average number of individual native species collected from vegetated sample sites was 4.24. The 

presence of more than 4 species per sample site on average indicates high plant diversity in Half Moon Lake. The high 

diversity in Half Moon Lake indicates the plant community is very healthy. 

 

Figure 4. Average Rake Fullness of Individual Species in Half Moon Lake 
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 Figure 5. Half Moon Lake Native Species Richness 
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The quality of the Half Moon Lake aquatic plant community was measured by the Floristic Quality Index (FQI). The number of 

native species collected on the rake during the aquatic plant survey and the average tolerance of the plant community to 

degraded conditions are used to compute FQI. The average tolerance of the plant community to degraded conditions is 

measured by a value called the C value. Plant species are assigned C values on a scale of 0 to 10, with increasing values 

indicating plants are less tolerant of degraded conditions and of better quality. An average of the C values for individual species 

within a lake’s plant community indicates the average tolerance of the community to degraded conditions. The average C value 

for the Half Moon Lake plant community in 2018 was 6.3. A total of 43 native plant species were collected on the rake during 

the plant survey. The Half Moon Lake FQI value in 2018 was 41.5. This value is approximately double the median FQI value for 

lakes in the same ecoregion (20.9) (Nichols 19991). The high FQI indicates (1) the plant community is intolerant to development 

and other human disturbances; (2) the plant community has not been degraded by human impacts; and (3) the lake has high 

water quality. 

 

Comparison of 2007 and 2018 Half Moon Lake Aquatic Plant Data 

Half Moon Lake aquatic plant data collected during July 16 through 17, 2007 by the Wisconsin Department of Natural 

Resources were compared with data collected during June 21 through 23, 2018 by the Half Moon Lake Protection and 

Rehabilitation District to document significant changes in the frequency of native species. A statistical tool, Chi Squared 

Analysis, was used to identify significant frequency changes. The analysis documented significant increases in frequency for 

10 species and significant decreases in frequency for 10 species (Figure 6 and Table 1). A closer look at the species that 

significantly changed between 2007 and 2018 indicates the following positive changes between the two years: 

1) Filamentous algae declined from being present at 44 sites in 2007 to being present at 29 sites in 2018. The decline 

indicates water quality improved between 2007 and 2018 

2) The C values of the species that significantly increased in frequency between the two years were generally higher 

than the C values of the species that significantly decreased in frequency between the two years (Table 1). This 

change documents an improvement in the quality of the plant community resulting from changes in the frequency 

of individual species. The data further indicates changes in frequency of individual species between the two years 

may have been due to improvements within the lake that enabled higher quality species to significantly increase in 

frequency. 

The improved quality of the plant community in 2018 was documented by a higher FQI in 2018 than 2007. The FQI in 2007 

was 32.5 compared with a FQI of 41.5 in 2018. The higher FQI resulted from a higher average C value in 2018 than 2007 as 

well as a higher number of species in 2018 than 2007. The average C of the plant community in 2007 was 6.0 compared 

with an average C of 6.3 in 2018. A total of 29 species were collected on the rake in 2007 compared with a total of 43 

species in 2018 (Figure 6). 

Increased diversity within the Half Moon Lake plant community in 2018 was documented by an increase in Simpson’s 

Diversity Index from 0.93 in 2007 to 0.95 in 2018. Increased diversity in 2018 also resulted in increases in the average 

number of species and average number of native species collected at individual sample sites. The average number of 

species collected at individual sample sites increased from 4.01 in 2007 to 4.26 in 2018. Similarly, the average number of 

native species collected at individual sample sites increased from 3.99 in 2007 to 4.24 in 2018. 

The average density of the plant community remained stable over time as documented by an average rake fullness of 1.82 

during both 2007 and 2018. 
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Figure 6. Comparison of 2007 and 2018 Frequency Differences for All Species in Half Moon Lake (Number of Sites 

Collected on the Rake during 2007 and 2018) (2007 Data Collected by Wisconsin Department of Natural Resources) 

Table 1. Individual Species that Significantly Changed in Frequency between 2007 and 2018 and their C Values* 

Species that Significantly Increased in Frequency 

between 2007 and 2018 

Species that Significantly Decreased in Frequency between 2007 

and  2018 

Species C Value* Species C Value* 

Chara sp.(muskgrass) 7 Ceratophyllum demersum (coontail) 3 

Heteranthera dubia (water star-grass) 6 Potamogeton zosteriformis (flat-stem pondweed) 6 

Najas flexilis (slender naiad) 6 Vallisneria americana (wild celery) 6 

Eleocharis acicularis (needle spikerush) 5 Potamogeton pusillus (small pondweed) 7 

Myriophyllum tenellum (dwarf water-milfoil) 10 Elodea canadensis (common waterweed) 3 

Potamogeton illinoensis (Illinois pondweed) 6 Filamentous algae -- 

Potamogeton friesii (Fries’ pondweed) 8 Potamogeton richardsonii (clasping-leaf pondweed) 5 

Isoetes echinospora (spiny spored-quillwort) 8 Potamogeton amplifolius (large-leaf pondweed) 7 

Pontederia cordata (pickerelweed) 8 Ranunculus aquatilis (white water crowfoot) 8 

Sagittaria cristata (crested arrowhead) 9 Potamogeton sp. (pondweed) 7 
*Chi Squared Analysis was used to document significant changes in frequency between 2007 and 2018. C values show the tolerance of 

individual species to degraded conditions. C values are on a scale of 0 to 10 with higher numbers indicating less tolerance to degraded 

conditions. 
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AIS are nonnative species that have the potential to cause serious problems. Because they are not native, they lack 

predators and can rapidly spread, displacing native species and dominating the community.  

The 2018 aquatic plant survey indicated five AIS were present in the lake (curly-leaf pondweed, yellow iris, common 

forget-me-not, hybrid cattail, and reed canary grass). One AIS was observed during the 2007 plant survey (curly-leaf 

pondweed).  

In 2007, curly-leaf pondweed (Potamogeton crispus) was collected on the rake at 3 sample locations in the northern 

end of the lake (Figure 7). In 2018, curly-leaf pondweed was collected on the rake at 4 sample locations and observed 

near 2 additional locations in the northern end of the lake (Figure 8). The differences in number of sites where curly-

leaf pondweed was observed during 2007 and 2018 may have been due to collection of samples at different stages of 

the growing season rather than actual changes in curly-leaf pondweed extent. The curly-leaf pondweed growing 

season begins in fall when turions (reproductive structures that act like seeds) germinate and begin to grow. Growth 

continues in winter. Rapid growth occurs in spring. In late spring to early summer, plants die back and form turions. A 

new growing season begins in fall when the turions germinate (Figure 9). The 2007 plant survey occurred in summer 

after curly-leaf pondweed had died off while the 2018 plant survey occurred in June when curly-leaf pondweed was at 

its peak.  

In 2018, curly-leaf pondweed was uncommon, never bed-forming, and did not appear to be a management issue. 

However, because it has the potential to spread and cause problems, it is recommended that the few areas where it 

currently is growing be treated with herbicide to remove this invasive species from the lake if possible or to contain it 

to a low occurrence and prevent the accumulation of turions (similar to seeds). This approach is intended to prevent 

curly-leaf pondweed from establishing dominance. It may avoid the need for subsequent long-term annual 

treatments to reduce an established curly-leaf pondweed population. A WDNR treatment permit would need to be 

obtained prior to the treatment. It is recommended that the Half Moon Lake Protection and Rehabilitation District 

work with the WDNR to determine the appropriate herbicide to use for the treatment and to obtain a treatment 

permit. Two herbicides could be used to treat the small patches of curly-leaf pondweed in the lake.  

 Diquat is a contact herbicide that kills all plants that it contacts. If used, it would be applied in spring around 2 

weeks after ice-out on a day with little or no wind. 

 ProcellaCOR is a new herbicide that just entered the market in 2018. The WDNR is currently only allowing its 

use for a few experimental projects while they evaluate its performance on target plants and impacts on 

nontarget plants. Based on the information provided by the maker of ProcellaCOR and an independent 

evaluation study, it is a very fast acting herbicide that is ideal for small scale treatments such as the few small 

areas of curly-leaf pondweed in Half Moon Lake. The Half Moon Lake Protection and Rehabilitation District 

may wish to wait until ProcellaCOR becomes available for use on Half Moon Lake to treat the lake’s curly-leaf 

pondweed. If used, it would be applied in spring before the curly-leaf pondweed plants produced turions. 

Treatment of the curly-leaf pondweed in Half Moon Lake may need to occur over multiple years. It is likely that the 

lake’s sediments contain turions (similar to seeds) deposited over time. Turions can remain viable for several years. 

Hence, turions currently in the lake’s sediments could grow and populate the lake with curly-leaf pondweed during 

the years following herbicide treatment. Follow up plant surveys to assess the plant community and determine 

whether curly-leaf pondweed is present after treatment is recommended. The survey results would determine 

whether or not subsequent herbicide treatments are needed. Follow up plant surveys are also recommended to 

assess the effectiveness of herbicide treatments. 

Aquatic Invasive Species (AIS) 
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Figure 7. 2007 Curly-leaf Pondweed Locations in Half Moon Lake (Plant Survey Completed by Wisconsin Department of 

Natural Resources) 
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Figure 8. 2018 Curly-leaf Pondweed Locations in Half Moon Lake  
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Winter:  

Plants 

continue 

growing 

under ice 

Late-

spring/early-

summer: 

Plants die 

back and form 

turions 

Fall:  

Turions 

germinate 

Curly-leaf Turion 

 

 

 

 

 

 

 

Figure 9. Curly-leaf Pondweed Growth Cycle 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Spring: 

Plants 

grow 

rapidly 

Yellow iris (Iris pseudacoris), a second AIS, was observed near sample point 214 (mid-lake on the western shoreline) 

and sample point 599 (far southern tip) during the 2018 plant survey (Figure 10). It is recommended that the two 

patches of yellow iris be removed before they have a chance to spread and take over the shoreline. The Wisconsin 

Department of Natural Resources (WDNR) recommends using the herbicide glyphosate to remove yellow iris 

whenever the patches are too large to remove by hand. Because the yellow iris patches along the Half Moon Lake 

shoreline appear too large to remove by hand, herbicide treatment with glyphosate is recommended. A WDNR permit 

would be needed to remove the yellow iris by herbicide treatment. Herbicide treatment should occur when the yellow 

iris plants are flowering so that the plants can be positively identified. While the yellow iris plant should be removed to 

prevent their spread, the native blue iris is a desirable plant that should not be removed. The two species of iris look 

very similar except for the color of their flowers. Hence, treatment while the plants are flowering will insure that the 

treated plants are yellow iris. 
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Figure 10. Locations of Yellow Iris during 2018 Plant Survey (Locations are Circled on Map) 
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Pictured above, yellow iris observed at sample point 214 during the 2018 plant survey 

 

Pictured above, yellow iris observed at sample point 599 during the 2018 plant survey 
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Pictured above, reed canary grass observed during the 2018 plant survey 

      

 
Hybrid cattail Foget-me-not 

Three other non-native invasive species were observed: 

 Reed canary grass (Phalaris arundinacea) was observed near sample point 18 (near the boat landing). The 
surveyor commented that it was “common throughout, but seldom abundant; usually only a small patch 
of plants along disturbed lakeshores with full sunlight.” 

 Common forget-me-not (Myosotis scorpiodes) was only seen in a patch just south of the boat landing 
(near sample point 18).  

 Hybrid cattail was observed near sample point 66. The surveyor commented that it was common and 
appears to be displacing the native cattails in many areas of the lake. Hybrid cattail is a cross between the 
native cattail and the non-native cattail, hence a hybrid. The surveyor commented that hybrid cattail was 
“spreading along the northwest shorelines of the lake; seems to be expanding outward.” 

It is recommended that 

the Lake District work 

with WDNR staff to 

determine whether 

herbicide treatment of 

reed canary grass, 

common forget-me-not, 

and/or hybrid cattail is 

permissible. If 

permissible, the Lake 

District could work with 

WDNR staff to obtain a 

recommendation for the 

type of herbicide to use 

for treatment and to 

obtain required herbicide 

treatment permits. 

Removal of these AIS 

from the lake or 

managing them to 

contain them to low 

levels would prevent 

them from causing 

problems in the future. 
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Figure 10. Location of Reed Canary Grass and Forget-Me-Not Observed near Sample Point 18 during 2018 Plant Survey 

(Location is Circled on Map 
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Figure 11. Location of Hybrid Cattail Observed near Sample Point 66 during 2018 Plant Survey (Location is Circled on Map 
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Recommendations 

It is recommended that the Half Moon Lake Protection and Rehabilitation District work with WDNR staff to determine 

whether it is permissible to treat the 5 aquatic invasive species (AIS) currently in the lake with herbicide. If permissible, it is 

recommended that the District work with WDNR staff to determine the recommended herbicide to use for each treatment 

and to obtain the required WDNR permit for each treatment. Removal of these AIS from the lake or managing them to 

contain them to low levels would prevent them from causing problems in the future. 

Follow up aquatic plant surveys are recommended to assess treatment effectiveness and to determine whether or not 

subsequent treatments are needed. Curly-leaf pondweed turions (similar to seeds) in the sediment may populate the lake 

with curly-leaf pondweed after treatment and multiple years of treatment may be needed to effectively address the lake’s 

curly-leaf pondweed infestation. 

A plant survey of the lake every 3 years is recommended to check for invasive species, assess the health of the plant 

community, and to evaluate changes since the previous plant survey. 


