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Summary of Findings
The Rice Lake Association has a WDNR grant to conduct an intensive hand-pulling program on the Rice
Lake population of the aquatic invasive species (AIS) curly-leaf pondweed (Potamogeton crispus) over
the period of 2021 to 2023 with a goal of a 70% reduction. To determine efficacy of the hand-pulling
approach, the Wisconsin DNR has required pre- and post-management monitoring using a pointintercept aquatic plant survey method and establishment of treatment and control areas that are to be
monitored immediately prior to hand-pulling and immediately after. White Water Associates has
conducted the monitoring work in 2021 and provides the summary of findings.
Control (4.1 acres) and treatment (4.5 acres) areas were floristically similar including
a high frequency of occurrence of curly-leaf pondweed.
Curly-leaf pondweed was in nearly full growth phase at the time of the pretreatment point-intercept survey.
The intensive hand-pulling treatment of curly-leaf pondweed did not seem to
dramatically impact non-target plant species as evidenced by aquatic plant
community statistics (diversity, floristic quality, average number of species per site).
The intensive hand-pulling treatment of curly-leaf pondweed did not seem to
dramatically impact non-target plant species as evidenced by review of individual
species frequency of occurrences (one possible exception is coontail).
The intensive hand-pulling treatment of curly-leaf pondweed did have an impact on
that species, possibly reducing it by 8% (frequency of occurrence) considering the
potential for growth as evidenced by its increased frequency in the control area.
The intensive hand-pulling treatment of curly-leaf pondweed resulted in a reduction
of rake fullness rating in the treatment area. No coincident reduction occurred in
the control area occurred.
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Introduction and Background
The Rice Lake Association (Mercer, Iron County, Wisconsin) has a WDNR grant to conduct an intensive
hand-pulling program on the Rice Lake population of the aquatic invasive species (AIS) curly-leaf
pondweed (Potamogeton crispus). The program is scheduled to take place in each of three years: 2021,
2022, and 2023. Pre- and post-management monitoring is required as part of the project to determine
the efficacy of the hand-pulling approach to control this AIS. White Water Associates, Inc. has been
engaged to carry out the monitoring components of this project and has prepared this monitoring
report for Year 1 of the project (2021).
It is anticipated that the bulk of the curlyleaf pondweed management work and
the monitoring efforts will take place in
the east bay portion of Rice Lake (the
Turtle River enters the lake at the east
extent of this bay). Exhibit 1 illustrates
that this bay is highly vegetated. It is 32
acres in surface area (about 26% of the
entire lake surface area).

Exhibit 1. Rice Lake
highlighting east bay

Exhibit 2 displays results of a 2020 pointintercept (PI) plant survey of Rice Lake
conducted by the WDNR (Susan Knight
and Carol Warden) and shows the
concentration of curly-leaf pondweed in
the east bay area. This 2020 full pointintercept plant survey provides important
ecological context for the plant
management process and monitoring.
The Rice Lake Association has set a goal of
70% reduction in curly-leaf pondweed as
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result of hand-pulling efforts. In order to measure the effectiveness of the hand-pulling, we have
followed a modification of the PI survey method. This approach focused on two specific small areas and
used a higher density of survey points. This so-called “sub-PI” survey was applied to control and
treatment areas before and after treatment efforts. Hand-pulling management was not to occur in the
control area whereas the treatment area was included within the overall hand-pulling effort. The sub-PI
survey is an efficient approach to monitor efficacy of the hand-pulling effort. It is repeatable and
provides quantitative rigor to the assessment. The technique also allows comparison of year-to-year
changes in the plant community. We expect that the sub-PI method will provide a statistical way to
measure the goal of 70% reduction of the curly-leaf pondweed population over a three year period.

Methods
During the first day of our pre-treatment monitoring of the lake in 2021 (May 24, 2021), we identified
the “control” area (4.1 acres) and “treatment” area (4.5 acres) in the east bay. These were documented
with handheld GPS and
circumscribing
Exhibit 2. Curlypolygons. The control
leaf pondweed in
area will be left unRice Lake (results
managed (that is, no
from 2020 PI Plant
hand-pulling) through at
Survey)
least the first two years
of the project (2021 and
2022). The treatment
area and other areas of
curly-leaf pondweed in
the east bay were slated
for intensive handpulling management.
Communicating closely
with Michelle Nault
(WDNR), we developed
sub-PI grids for control
and treatment areas.
Each area had 66 points
spaced ~50 feet apart.
Dr. Nault advised that,
for sake of statistical
rigor, at least 40 points
should be in each area.

0

On May 27, the White
Water team returned to
Rice Lake to conduct the
“pre-treatment” sub-PI
survey of the control
and treatment areas.
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Upon completion, we alerted the Rice Lake plant management team and they began the hand-pulling
effort in Rice Lake (but not in the control area). When the hand-pulling was completed, the White Water
team returned to conduct the “post-treatment” sub-PI survey of the control and treatment areas (done
on June 16, 2021).
Our plan assumes that the same control and treatment areas will be used through the entire project,
but we will work with the WDNR to determine whether that will be advisable. Exhibit 3 shows the
locations of the control and treatment areas and the sub-PI point grids.

Exhibit 3. Rice Lake control
and treatment areas and
sub-PI point grids.

Treatment Area and
sub-PI point grid

Control Area and
sub-PI point grid
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Findings
Standard point-intercept statistics were generated for the pre- and post-treatment plant surveys on
both the control and treatment areas. Results of the pre-treatment surveys (Exhibit 4) demonstrated
that these two areas were floristically similar in both the native aquatic plants and the non-native AIS
curly-leaf pondweed. Results of the post-treatment surveys (Exhibit 5) demonstrated that with respect
to the same set of parameters, the control and treatment areas remained similar. The number of species
documented at the sub-PI points of each area went up slightly (an increase of one species in the control
area and four species in the treatment area). This is likely explained by the fact that the pre-treatment
survey was quite early in the phenology of most aquatic plants and not all species were evident in the
earlier survey. The increase in the Floristic Quality Index for the treatment area after hand-pulling
(Exhibit 5) likely resulted from four additional species being documented in this area.
Exhibit 4. Pre-treatment sub-PI survey statistics for control and treatment areas.
Pre-treatment survey
on Control Area

Pre-treatment survey
on Treatment Area

17

17

Floristic Quality Index

26.8

26.3

Simpsons Diversity Index

0.88

0.89

Average number of species per site (vegetated sites)

2.52

2.82

Parameter
Number of species

Exhibit 5. Post-treatment sub-PI survey statistics for control and treatment areas.
Post-treatment survey
on Control Area

Post-treatment survey
on Treatment Area

18

21

Floristic Quality Index

26.8

29.1

Simpsons Diversity Index

0.91

0.91

Average number of species per site (vegetated sites)

3.46

3.69

Parameter
Number of species

Exhibit 6 displays a histogram of percent frequency of occurrence of four commonly encountered plants
(one AIS, three native plants) on the control and treatment areas in both pre-treatment condition and
post-treatment condition. Frequency of occurrence is the percentage of PI points where a given plant
was collected by the rake during the point-intercept survey. These four species included curly-leaf
pondweed (Potamogeton crispus), coontail (Ceratophyllum demersum), common pondweed (Elodea
canadensis), and northern watermilfoil (Myriophyllum sibiricum). Of these four species, curly-leaf
pondweed had the highest frequency of occurrence. In the control area, all four species increased in
frequency of occurrence between the pre- and post-treatment surveys. In the treatment area all species
(except for curly-leaf pondweed) increased in frequency of occurrence. This reflects what was stated in
the previous paragraph regarding the early timing of the pre-treatment survey and the phenology of
aquatic plants. Curly-leaf pondweed showed the smallest percent frequency increase in the control area
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between pre- and post-treatment surveys indicating that it has an earlier growth phase than many other
aquatic plant species. Its growth was more fully developed at the time of the pre-treatment survey.
In the treatment area, the frequency of occurrence of curly-leaf pondweed decreased 1.5% between the
pre- and post-treatment plant surveys, likely influenced by hand-pulling efforts. In fact, this may
underestimate the actual decrease given that curly-leaf pondweed increased by 6.5% in the control
area. By extrapolation, hand-pulling may have reduced the frequency of occurrence of curly-leaf
pondweed by 8% (6.5% + 1.5%). While this is not 70% reduction, it is a reduction and should be
applauded especially during the first year of the management effort when the treatment activity is still
being developed and learned. Possible reasons for the relatively small effect of hand-pulling could
include (1) cases where the roots were not completely removed with the plants and continued to
vigorously grow and (2) some of the open habitat created by hand-pulling may have been quickly
occupied by the invasive curly-leaf pondweed.
Exhibit 6.
Comparison of
frequency of
occurrence for
four abundant
species on
control and
treatment areas
using pre- and
post-treatment
sub-PI data.

Coontail had a much smaller increase in frequency of occurrence in the treatment area than in the
control area (6% as compared to 13.7%). Perhaps its growth was influenced by the hand-pulling of the
curly-leaf pondweed.
Rake fullness is a rating given to each rake pull on a PI survey that indicates the amount of plant material
for each species. There are four ranks: 0 (not present), 1, 2, and 3 (large amount of plant material on
the rake). Exhibit 7 displays a comparison of this ranking for curly-leaf pondweed in a histogram for
control and treatment areas for pre- and post-treatment surveys. It is clear in this graph that the
removal of curly-leaf pondweed during the hand-pulling effort had a large influence on the amount of
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curly-leaf pond weed plant material in the treatment area. Rake fullness ratings of 3 dropped from a
count of 9 to a count of zero in the treatment area and actually increased in the control area.
Exhibit 7. Comparison of rake fullness counts for curly-leaf pondweed for control and
treatment areas before and after treatment.
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For a more detailed look at the entire plant community dynamics of the control and treatment areas,
Exhibits 8 and 9 provide the frequency of occurrence data for all species encountered during the preand post-treatment surveys for the control and treatment areas, respectively. Exhibit 10 shows
differences in frequency of occurrence (post-treatment minus pre-treatment) for all species
encountered in the control and treatment areas. Finally, Exhibit 11 shows differences in frequency of
occurrence between treatment and control areas (treatment area values minus control area values for
each species) for both the pre-treatment and post-treatment conditions.
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Exhibit 8 Frequency of occurrence for
all species documented during the
pre- and post-treatment sub-PI plant
surveys at the control area.

Frequency (%) of occurence

60

Pre Control

Post Control

50
Curly-leaf pondweed

40

30

20

Vallisneria americana

Utricularia vulgaris

Utricularia minor

Sparganium sp.

Ranunculus aquatilis

Potamogeton zosteriformis

Potamogeton robbinsii

Potamogeton praelongus

Potamogeton epihydrus

Potamogeton crispus

Pontederia cordata

Nymphaea odorata

Nuphar variegata

Najas flexilis

Myriophyllum sibiricum

Myriophyllum heterophyllum

Heteranthera dubia

Elodea nuttallii

Elodea canadensis

Ceratophyllum echinatum

Ceratophyllum demersum

Brasenia schreberi

0

Bidens beckii

10

In Exhibit 8, frequency of occurrence percentages for all species encountered in the control area during
the pre- and post-treatment surveys show a dynamic plant community in the early growing season. This
histogram permits evaluation of how each species population changed between the pre- and posttreatment surveys. Similarly, in Exhibit 9, frequency of occurrence percentages for all species
encountered in the treatment area during the pre- and post-treatment surveys also show a dynamic
plant community in the early growing season. This histogram permits evaluation of how each species
population changed between the pre- and post-treatment surveys. Clearly, curly-leaf pondweed is a
dominant species in the plant community of both control and treatment areas.
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Exhibit 9. Frequency of occurrence for
all species documented during the
pre- and post-treatment sub-PI plant
surveys at the treatment area.
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Exhibit 10 compares the differences in frequency of occurrence for each species by a calculation of posttreatment percentage minus pre-treatment percentage. Positive values indicate an increase in the
frequency of occurrence over time. Negative values indicate a decrease.
70

Exhibit 10. Differences in frequency of occurrence
(post-treatment minus pre-treatment) for each species
encountered in the control (blue bars) and treatment
areas (red bars).
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Exhibit 11 compares the differences in frequency of occurrence for each species by a calculation of
treatment area percentage minus control area percentage for both pre-treatment and post-treatment
conditions. Positive values indicate a higher frequency of occurrence in the treatment area. Negative
values indicate a lower frequency occurrence in the treatment area.
40

30

Exhibit 11. Differences in frequency of occurrence
between treatment and control areas (treatment area
values minus control area values for each species) for
both the pre-treatment (yellow bars) and posttreatment (purple bars) conditions.
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