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PREFACE
Langford Lake has a long history of Eurasian watermilfoil (EWM) management, dating back to the
early 2000’s with the discovery of EWM in 2002. Several entities involved in management include
the Langford Lake Milfoil Association, the Invasive Species Control Coalition of Watersmeet
(ISCCW), USFS Ottawa National Forest, and the US Army Corps of Engineers. Though management
of EWM has been a collaborate effort over the past two decades, the Langford Lake Milfoil
Association galvanized early efforts and continues their vested interest to the health and protection
of Langford Lake.
Given the long history of management by many entities, a report summarizing previous surveys,
studies, and review of prior EWM management would benefit the Langford Lake riparian owners,
the ISCCW and other partners by providing a historical road map useful in making decisions on the
future management of EWM on Langford Lake.
The ISCCW is the sponsor of this report, with special funding contributions by long-time Langford
Lake resident Ruth Bozdech.
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Location Map: Langford Lake
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(2,4-D)
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INTRODUCTION
Langford Lake, located in the western
end of Watersmeet Township, Gogebic
County, MI is a shallow, 481 acre
drainage lake with a mean depth of 8.75
feet and a maximum depth of 22 feet
(USFS, 2013). Located in the southern
reaches of the Ontonagon River
watershed (HUC 8), this watershed is
primarily forested (71%), water/wetlands
(22%),
and
a
mix
of
open
residential/commercial, grassland and
agricultural uses (~7%)1.

Ontonagon River Watershed

Riparian ownership includes the US
Forest Service - Ottawa National Forest
(10% of the shoreline),
private
ownership, and a pair of tiny islands
owned by the State of Michigan. The
Ottawa National Forest manages the only
public boat landing and a former
campground located at the far northwest
end of the lake. The boat landing is open and accessible; the campground is currently closed.
In 2002, the US Army Corps of Engineers-Engineer Research and Development Center (referred
hereafter as USACE), discovered Eurasian watermilfoil in Langford Lake (USACE, 2003) while
conducting several lake-wide plant assessments within the Watersmeet Township. The pioneering
population consisted of about a 100-yard band along the boat landing and campground that
extended about 20 yards from shore. The USACE assessment included a 100-meter grid across the
whole lake, recording every species at each point in the grid. The extensive data collected in 2002
allows a unique opportunity to detect changes in the aquatic plant community over the last 20
years. The discovery of EWM organized the Langford Lake Milfoil Association to address the issue
with various entities contributing between 2003-2021.
Historically, the EWM population on Langford Lake has been variable. As EWM increased in
Langford Lake, the level of management increased, beginning with small scale treatment in 2003,
to over 100 acres treated in 2007 and an entire lake treatment in 2013. Since the whole lake
treatment in 2013, EWM has remained at substantially lower levels compared to previous years.
Frequency of occurrence of EWM prior to the whole-lake treatment was 39.60% (2012) and is

1

Map and data taken from http://lthia.agriculture.purdue.edu/ (Accessed 3.10.20)
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currently 3.16% in 20212. Though lake-wide occurrence of EWM is relatively low, EWM
substantially increased between 2020 and 2021 from roughly 2 acres to 16 acres.

HISTORY OF MANAGEMENT
Early Days (2002-2006)
As mentioned above, Langford Lake has a long history of Eurasian watermilfoil management. (A
detailed history of EWM management can be found in Appendix A). The only lake in Watersmeet
Township with a longer management history is Clearwater Lake, part of the Cisco Chain of Lakes.
Since the discovery of EWM in 2002, active management has occurred on Langford Lake 13 out of
the last 19 years (Table 1). Beginning in 2003, the Association funded herbicide treatments using
granular 2,4-D (Navigate) on 4.5 acres of EWM. As EWM continued to spread to other parts of
Langford Lake, the Association treated roughly 6 acres with 2,4-D in 2004 and 9 acres in 2005. By
the following year, EWM had spread across Langford Lake. In 2006, the Ottawa National Forest
contracted with an herbicide applicator to control 16.5 acres of EWM using 2,4-D. In addition to
the herbicide application, the Ottawa National Forest snorkel-pulled EWM at several sites. A July
survey (2006) detected 154 locations of EWM at various densities across Langford Lake. Between
2003-2006, herbicide management with 2,4-D (Navigate) did not substantially reduce the
abundance or appear to slow the spread of EWM in Langford Lake.
Buoys Marking EWM Locations - 2005

2

Frequency of littoral occurrence of a species uses the results of a point intercept survey by taking the presence of a
species on a rake sample divided by the total number of points sampled within the littoral zone.
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Table 1: Summary of EWM Treatments, Langford Lake 2002-2021.

Year

Month

Acres
Treated

# 2,4-D

2002

2,4-D
~#/acre

2,4-D
~ppm

#
triclopyr

Gal.
fluridone

Hand
Pulling

EWM discovered

2003

July

2.5

250

125

2003

October

2.0

200

100

2004

June

1.5

150

100

2004

September

4.3

430

100

2005

June

4.9

485

100

2005

August

4.3

433

100

2006

June

16.5

2475

150

2007

May

110.0

16,500

150

1.2

2007

May

6.0

1,200

200

1.6

2008

May

105.0

15,750

150

1.2

2008

May

6.0

1,200

200

1.6

2008

October

5.0

750

150

1.2

2009

May

25.0

3,750

150

1.2

2009

May

18.0

2,700

150

1.2

2010

June

38.0

4,503

114

1.0

2011

June

39.0

7,173

184

1.76

Frequency of
Occurrence
(%) EWM*
0%

Hand
Pulling

20.64%
2.31%

2.32%

8.70%
8.96%

3,675

8.96%

2012
2013

No Treatment - Preparation for Fluridone Treatment
481.0
21.59

39.60%

2014

No EWM Detected

0%

2015

No EWM Detected

0%

2016
2017

July

6.0

2,160

360

4.00

2018

June

8.4

2,920

348

4.00

2019

<1%

Hand
pulling
Hand
pulling

0%
0%

Hand
Pulling

2020
2021
* This valued is calculated from the grid survey, only years with grid survey completed are shown.

0%
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Langford Lake EWM Locations, 2002-2006.

2002

2003

2005

2006

2004

US Army Corps of Engineers (2006-2009)
Of the lakes within Watersmeet Township, that the USACE conducted lake-wide assessments on,
Langford Lake ranked highest for number of aquatic plant species detected, with 31 species
(USACE, 2003). Given the diversity of the aquatic plant community on Langford Lake and a
historical interest to the region, the USACE returned to Langford Lake in 2006 to assess the
condition of EWM. Based on those assessments, it was recommended to repeat the 2002 survey.
This survey would provide data useful in detecting if any changes to the aquatic plant community
has occurred since management began.
The survey completed by the USACE in 2002 and the proposed 2006 survey were grid surveys using
a grid of predetermined points evenly spaced across the lake (Appendix B). These points are uploaded into a GPS for field navigation. At each site, a double-sided rake lowered over the side of the
boat collects a sample of aquatic vegetation. Each plant species on the rake is identified.
Specifically, these surveys provide detailed information on the types and distribution of aquatic
plants in a lake, useful to understanding habitat characteristics, a lake's floristic quality and
diversity. Furthermore, repeating this assessment provides comparisons of these data over time.
Results of the 2006 point-intercept survey suggest that Langford Lake continued to support a highly
diverse aquatic plant community. Because of this diversity, the USACE proposed a three - year
research project investigating the effectiveness of early-season treatments of EWM. Project
objectives include controlling EWM, thereby reducing the need for annual management and
protecting the native plant community and increasing diversity (Skogerboe, 2011). To accomplish
this, treatment would target EWM in early spring while it is presumed that many other native
plants remain dormant. Treating during this early-spring window may minimize herbicide exposure
to native plants by reducing risk of injury, thereby protecting the native plant community. The
USACE would lead the research, Nufarm Inc., the manufactures of Navigate (2,4-D) would provide
the herbicide product, Marine Biochemists would apply the herbicide and the lake Association
would apply for the necessary state permits and provide additional support as needed. Treatment
evaluations would include conducting a whole-lake grid survey, collecting water samples to test for
herbicide concentrations and use experimental hydro acoustic equipment to collect information on
aquatic plant density.
On May 8th 2007, Marine Biochemists treated 116 acres of EWM with 2,4-D at a target application
rate of 150#/acre (110 acres) and 200#/acre (6 acres) (USFS, 2013). During the treatment window,
lake residents collected water samples to test for herbicide concentrations and later in the season,
the Ottawa National Forest conducted a fish survey of Langford Lake. Results of the whole-lake
aquatic plant survey determined that the treatment reduced the lake-wide occurrence of EWM
from 20.64% in 2006 to 2.31% in 2007. Overall, the native aquatic plant community remained
similar in composition and abundance in 2007 compared to 20063 (Appendix C).
In 2008, two treatments occurred. On May 18 th Marine Biochemists treated 111 acres of EWM
with 2,4-D at a target application rate of 150#/acre (105 acres) and 200#/acre (6 acres) (USFS,
2013). On October 13th, a follow up treatment occurred on 5 acres with a target application rate
3

Point intercept data from 2006 and 2007 was statistically analyzed using WDNR treatment evaluation workbook.
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of 150#/acre. Frequency of occurrence of EWM remained similar from 2007 to 2008, 2.31% and
2.32% respectfully. No statistical change in the native aquatic plant community was detected
between 2007 and 2008. Herbicide concentration monitoring suggests 2,4-D remained in Langford
Lake at detectable levels to about 30 days after treatment (Figure 1).
Figure 1: Herbicide concentration data for the May 18th 2008 treatment, Langford Lake (Skogerboe,
2009).

During the final year of the research experiment, on May 12th 2009, a total of 25 acres of EWM
were treated at a target application rate of 150#/acre (USFS, 2013). A follow up treatment on
October 14th treated an additional 18 acres at a target application rate of 150#/acre. Occurrence of
EWM from 2008 to 2009 increased from 2.32% to 8.70%. Between 2008 and 2009, many native
plant species declined at statistically significant levels4 (Appendix C).
During the three year experimental period a total of 275 acres of EWM were targeted with roughly
13 tons of 2,4-D. Conclusions from this experiment include: treatment successfully reduced EWM
occurrence, yearly treatments to maintain control have been reduced but still necessary, and the
native plant community was not adversely affected (Skogerboe, 2011).
Though the initial experiment concluded in 2009, the USACE continued for two more years
conducting experimental treatments on Langford Lake. In 2010 the USACE conducted a one-year
study comparing granular 2,4-D and triclopyr herbicides. Five plots were chosen in Langford Lake.
Plots 1 and 3 received a combination of 2,4-D and triclopyr. Plot 2 received just triclopyr. Plot 4
4

Point intercept data from 2008 and 2009 was statistically analyzed using WDNR treatment evaluation workbook.
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received just 2,4-D. Plot 5 was an untreated reference. In total 38 acres were treated. Overall, all
the treated plots reduced EWM, with little difference between the individual herbicides and the
combination (Figure 2) (USFS, 2013). Herbicide concentration monitoring in 2010 detected 2,4-D
and triclopyr in the treatment plots 7 days after treatment, and the highest concentration of 2,4-D
herbicide detected in the untreated reference plot (Figures 3 & 4).
Figure 2: Results of combination herbicide EWM treatments, Langford Lake – 2010 (Skogerboe,
2011).
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Figure 3: Measured triclopyr concentrations, Langford Lake – June 10th 2010 (Skogerboe, 2011).

Figure 4: Measured 2,4-D concentrations, Langford Lake – June 10th 2010 (Skogerboe, 2011).
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In 2011, the Lake Association received a grant from the Gogebic Resource Advisory Committee,
which funded treatment of application of 7,150 pounds of 2,4-D to ten treatment sites (39 acres
total). These were the remaining bags pf Navigate donated by Nufarm. The whole-lake grid
surveys completed during the initial experiment period continued in 2010 and 2011. From 2009 to
2011, the occurrence of EWM remained relatively unchanged, whereas native plant species
appeared to rebound from 2009 to 2010 to levels detected in 2007 and 2008.
Whole-Lake Fluridone Management (2012-2015)
In 2012, the Association, Ottawa National Forest, ISCCW, and USACE discussed future management
plans for EWM on Langford Lake. Based on these discussions, a whole lake approach using
fluridone was agreed upon. Fluridone is an aquatic herbicide, different than the 2,4-D and triclopyr
used in previous years. Triclopyr and 2,4-D are synthetic auxins that mimics a naturally occurring
growth hormone in the plant and induces uncontrolled growth in the plant. Fluridone prevents the
plant from producing pigments that protects the plan from sun damage. The 2,4-D and triclopyr
used was a granular formulation, whereas the fluridone proposed was liquid. Because of the whole
lake approach, the State required a lake management plan and additional surveys including aquatic
plant surveys, water quality testing, and a review of known biological information on and
surrounding Langford Lake5.
All pieces of the lake management plan; permits, lining up herbicide applicators and laying out the
three-year post monitoring plan were completed by the Association, ISCCW and the Ottawa
National Forest. Because of the presence of a state listed threatened species, Farwell’s
watermilfoil (Myriophyllum farwellii), additional monitoring by the State was required.
On May 22nd 2013, PLM applied 17.18 gallons of fluridone to Langford Lake. Fluridone levels in the
water are closely monitored, once levels reach a certain point, a “bump” application occurs to bring
the levels of fluridone back up in the water. This “bump” application occurred on June 12th (4.41
gallons). Up to 60 days from treatment, fluridone concentrations averaged between 4.46 and 5.78
ppb. One characteristic of fluridone is the observed “bleaching” of plants. This is due to the nature
of fluridone blocking the plants ability to produce pigments that protect the plant from the sun.
The following year of treatment (2014), this bleaching was continued to be observed on several
floating leaf plants, such as white water lilies, and prompted an additional water sample to analyze
if fluridone, one year later was still in Langford Lake. At 380 days after treatment, 1.1 ppb of
fluridone was detected in the water (Figure 5).

5

https://www.fs.usda.gov/Internet/FSE_DOCUMENTS/stelprdb5388435.pdf (Accessed 02/12/2022)
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Figure 5: Fluridone Concentrations on Langford Lake, 2013 & 2014.
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As part of the lake management plan, four years of plant surveys were required, starting the year
prior to treatment to two years after treatment in 2015. The occurrence of EWM declined from
39.6% the year prior to treatment (2012) to <1% in 2013, 0% in 2014, and 0% in 2015. Additional
monitoring for EWM during this period did not detect any EWM. A substantial reduction in native
plant abundance and number of species occurred the year of the fluridone treatment (Appendix C).
Many of these species did not rebound to pre-fluridone treatment levels the year following
treatment (Appendix C). Farwell’s milfoil was not detected in Langford Lake during the four-year
fluridone monitoring period, but was detected again in 2017.
Post Fluridone Management (2016-2021)
By 2016, some locations of EWM were appearing again on Langford Lake. These locations were
relatively small and isolated. An Ottawa National Forest crew snorkel pulled some of these small
sites. Otherwise, no other management occurred in 2016.
By 2016 and 2017, a few historic offshore regions of EWM returned. These sites were managed
with granular 2,4-D at a target concentration of 4 ppm. Treatments consisted of 6 acres in 2017 and
8.4 acres in 2018. In 2017, additional hand pulling by the Ottawa National Forest occurred. The
2017 and 2018 treatments were not successful at reducing EWM. Small scale offshore treatments
of EWM with 2,4-D have proven to be unsuccessful, and in 2018 were discontinued.
In 2019, the Ottawa National Forest did some light hand pulling, otherwise, no other active
management has occurred on Langford Lake since then. Population monitoring surveys show EWM
slowly increasing from 2016 to 2020 and a substantial increase from 2020 to 2021 (Figure 6). Three
additional years of whole-lake grid surveys occurred in 2016, 2017, and 2021. Very little detectable
change to the native aquatic plant community occurred from 2015 to 2017 and from 2017 to 2021.
Comparing pre-fluridone levels of native species 2021, Elodea canadensis appears to be at similar
levels prior to fluridone treatment, whereas Potamogeton richarsonii is still substantially lower
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than pre-fluridone levels. Several other native plant species in 2021 continue to remain below
2012 (pre-fluridone) levels (Appendix C).
Figure 6: Change in abundance and acreage of EWM, Langford Lake 2016 -2021.
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Status of the Aquatic Plant Community
As mentioned above, three additional years of whole-lake grid surveys occurred in 2016, 2017 and
2021. These surveys occurred four years and eight years after the fluridone application. Keep in
mind, fluridone was still present in Langford Lake the following year. Plants do naturally fluctuate
from year to year, regardless of whether invasive species management is occurring or not.
However, because of the long history of plant surveys on Langford Lake, there is a relatively good
record (20 years) of plant data (Figure 7). There is an detectable shift in the frequency of
occurrence of many plant species beginning in 2013, the year of the fluridone treatment. Today,
the native plant community abundance and species richness still appears below pre-fluridone
levels. Species richness prior to the fluridone treatment averaged around 34 species detected per
survey, whereas post fluridone species richness average 25 species per survey (Figure 8).
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Figure 7: Species frequency of occurrence (>5%), Langford Lake – 2002 – 2021.
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Figure 8: Number of species detected per grid survey, Langford Lake – 2002-2021.
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Over the course of 20 plus years of aquatic grid surveys on Langford Lake detected approximately
59 different aquatic plants. Langford Lake’s aquatic plant community continues to provide
valuable habitat and its floristic quality is considered above average compared to lakes within the
region. Most aquatic plant data for the Northern Lakes and Forest Ecoregion comes from
Wisconsin. Wisconsin probably holds one of the most robust aquatic plant data sets in the country.
Though the states are different, the ecoregion that Langford resides in extends into Michigan, and
lakes across this type of landscapes share many features, even though they may be in different
states. Langford Lake ranks above average for diversity, floristic quality, and species richness
compared to other lakes within Northern Lakes and Forest Ecoregion (Figure 9).

Figure 9: Summary of Langford Lake’s floristic quality and diversity, 2021.
WI
Northern Lake & Forests Ecoregion
Simpsons Diversity Index (1-D)
0.85

2021 Langford Lake
22.2

Floristic Quality Index

28.3
35.80
13

Species Richness

24
27
6.0
6.7
6.89

Average Conservatism
Coefficient
0.00

10.00

20.00

30.00

40.00

Floristic Quality Index (FQI) measures the natural quality of a lake’s aquatic plant community or
nearness of the lake’s aquatic plants to those seen in undisturbed conditions. This value specifically
uses a combination of species richness and coefficients of conservatism to calculate a value useful
to monitor changes to plant communities over time. Species richness can often be confused with
species diversity. Species richness refers to the total number of different species, whereas species
diversity considers how evenly within the lake species occur. A lake with 15 species may not be as
diverse as a lake with ten species based on how evenly those ten species are distributed. The
second value used in a floristic quality index is a coefficient of conservatism. This is an integer
value ranging from zero and ten assigned to each native plant species that relates to its tolerance
to degradation and the degree to which it is faithful to remnant natural habitats. For example, a
plant that inhabits a broad range of natural communities and disturbed sites may have a value of
one or two, whereas a plant that is usually restricted to a high quality natural habitat might have a
18

value of nine or ten. Most plants tolerate some change or degradation and have values that fall
between these two extremes. By definition, non-native plant species do not have an affinity to any
high-quality natural habitats, so are assigned a value of zero.
The Simpson’s Diversity Index is one of many indices useful in measuring ecological diversity.
Diversity simply looks at the variability amongst living organisms and ecosystems, including genetic
diversity to ecosystem diversity. Understanding diversity is important because diversity in a lake
may protect or buffer a lake from change over time and improve its resilience to outside
“stressors” and other vulnerabilities. A Simpson’s Diversity Index measures species diversity and
takes into account both richness and abundance of each species. This index is different from
floristic quality that uses species richness and species conservatism. Simpson’s Diversity Index
values range from zero to one. The closer the value is to one, the more diverse the measured
population is considered to be. Current Simpson Diversity Index value for Langford Lake is 0.85.
Six years of fish surveys on Langford Lake were completed by both USFS and MDNR near the time
of initial EWM detection (2000 – 2020). Surveys assessed population structure and abundance,
used a variety of sampling techniques, and were mainly completed in the month of June each
sampling year. Generally during this time frame, the five most abundant fish species caught as
percentage of total catch include: brown bullheads, bluegills, black crappies, pumpkinseeds and
white suckers. A MDNR status and trends survey in 2004, which takes a comprehensive snap shot
of the lake’s fisheries, found that since the last survey in 2000, the population of panfish appears to
be healthy, but predatory game fish continue to be relatively scarce. Panfish generally are below
average in length compared to the statewide average. Of note, harvestable size pan-fish declined
between 2000 to 2004 and the relative abundance of bullheads and suckers increased. Field notes
indicate the lake has an incredible abundance of aquatic plant cover “macrophytes galore.”

SUMMARY
The protection of Langford Lake, its notably diverse native plant community and all the
environmental services it provides, was a galvanizing issue for several public and private entities as
that diversity was threatened by invasive EWM. The USACE, Langford Lake Milfoil Association,
Ottawa National Forest, and the Invasive Species Control Coalition of Watersmeet joined forces
about twenty years ago to assimilate the emerging knowledge about EWM and make decisions for
the stewardship of the lake. Discussion and decisions reflected the evolving science and statepermitted aquatic plant management methods, balanced with available funding for costly
treatments. Herbicides of varying prescribed types and concentrations applied by licensed
professionals were the primary management method utilized, at times applied at permitted
experimental rates aimed at contributing to the regional knowledge base. Those treatments were
integrated with manual removal and repeated professional monitoring of aquatic plant populations
to evaluate treatment effects on native and non-native plant populations. Langford Lake has
received some form of invasive species management for 13 of the last 19 years, and continued
monitoring has contributed information about the varying results over time. In respect to
preserving the natural ecological services of Langford Lake, there have been relative successes and
disappointments and overall exhibited what is considered adaptive management of a challenging
target species, EWM.
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A few takeaway messages on the long history of EWM on Langford Lake include:
 Langford Lake’s aquatic plant community has shown resilience across most of the historical
management of EWM and its floristic quality is considered above average compared to
regional lakes.
 Large scale herbicide applications to control EWM with granular products such as 2,4-D and
triclopyr have shown mixed results in EWM control and non-target impacts to native plants.
 Though the record is limited, small-scale spot treatments conducted early in the treatment
history (2003-2006), have had relatively limited impacts to native plants, though they have
not provided control of EWM.
 Species richness has increased since the fluridone treatment, but still remains below the
average number of species detected annually prior to fluridone.
 EWM populations were reduced to levels near zero for about three years (2013-2016) after
the fluridone treatment, based on consistent monitoring, but have gradually increased
despite modest manual and chemical (2,4-D) treatment every year since 2016.
 Fluridone use, though successful at limiting EWM for several years, should be considered
judiciously as a management tool for high quality lakes such as Langford due to its potential
to impact native plant communities.
This report consolidates the long history of EWM management, and gives context to what the future of EWM
management on Langford Lake may look like. Continued management of EWM will vary depending on
seasonality, need, and desires of the lake community. Considerations for continued management of EWM on
Langford Lake include:








Management that aims at reducing the abundance and distribution of the target
species.
Provide recreational nuisance relief caused invasive species.
Improve early detection and response to new aquatic invasive species.
Continue to monitor and collect baseline data to detect ecological systems change.
Improve upon and generate site-specific adaptive frameworks to manage for and
control aquatic invasive species.
Evaluate management to determine success.
Reduce risk to non-target species.
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