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APM	Technical	Session	Outline

• Introductions	– Scott	Provost
• AIS	Active	Management	Discussion	– Eddie	Heath
• Current	Research	Findings	– Michelle	Nault	
• Implementing	IPM/Policy	– Scott	Provost
• Grants	– Scott	Van	Egeren	
• Q&A	Panel	– 5:45pm	~	6:15pm



But…is	it	really	that	simple?

AIS	Active	Management	Philosophy
Traditionally	“we”	thought	that	all	
AIS	are	bad	and	they	need	to	be	

controlled	at	all	costs.



AIS	Active	Management	Discussion

Pros
• Keep	AIS	population	low	so			
native	ecosystem	can	function	
as	it	did	prior	to	AIS

• Keep	AIS	population	low	so	
the	lake	is	not	a	source	
population	for	other	nearby	
lakes

• Keep	AIS	population	low	so		
they	do	not	cause	recreational,	
navigational,	or	aesthetic	
issues

Cons
• Management	action	itself	may	
be	ecologically	damaging	to	the	
lake,	either	through	improper	
implementation	or	
unanticipated	impacts
• Management	action	may	not	
be	fully	supported	by	public
• Equilibrium	unmanaged AIS	
population	may	be	low	enough	
to	not	cause	large	ecosystem	or	
user	conflicts



Developing	a	Control	Strategy	
&	Monitoring	Plan

AIS	Control	Strategy
• Realistic	and	ecologically	beneficial	for	the	lake
• Inline	with	lake	group’s	lake	management	goals

• Influenced	by	stage	&	population	of	AIS
• Based	upon	lake	group’s	support	for	various	methods	(e.g.	
drawdown,	herbicide	use)

• Prioritization	based	upon	financial	limitations	and/or	
volunteerism

• Obtain	support	from	additional	management	entities

AIS	Monitoring	Plan
• Collection	of	pre‐ &	post	treatment	data	for	evaluation	and	
adaptive	management	decisions



• Do	nothing	(monitor)
• Biocontrol	(weevils)
• Herbicide	treatment
• Hand	removal	(DASH)
• Winter	drawdown
• Mechanical	harvesting

AIS Control Strategies



• Lake‐wide	point‐intercept	surveys
• Sub‐sample	point‐intercept	surveys
• Biomass	assessment
• GPS‐based	AIS	Mapping
• Turion	assessment
• Hydroacoustic	survey
• Weevils/stem

AIS	Monitoring	Plan



Population
Reported

Is it 
Localized?

Response 
Monitoring

Is it low density 
& acreage?

Hand‐harvest

Spot Herbicide Treatment
(if applicable)

Established 
Population

Monitor

Is it low density 
& acreage?

Hand‐harvest

No

Yes

Yes

NoDoes it exceed 
lake‐wide 

thresholds for 
management? Yes

No
Can riparians 

tolerate 
recreation 

impediments?

Yes

No
Nuisance 
Control

Spot Herbicide Treatment
(if applicable)

Whole‐lake management 
(large‐scale herbicide, drawdown)

Yes

No

Yes

No

AIS	Management	Decision	Tree

Is lake‐wide AIS 
control and 

restoration the 
goal?



AI
S 
Po

pu
la
tio

n 
Le
ve
l

Time

Hypothetical	AIS	Populations

Low

High

Unmanaged 
Equilibrium

La
rg
e‐
sc
al
e 

M
gm

t

Unmanaged AIS Population
Managed AIS Population

Managed 
Equilibrium

Sm
al
l‐
or
 la
rg
e‐

sc
al
e 
M
gm

t

Active
Mgmt

Sm
al
l‐s
ca
le
 

M
gm

t



AI
S 
Po

pu
la
tio

n 
Le
ve
l

Time
Low

High

Unmanaged 
Equilibrium

Unmanaged AIS Population
Managed AIS Population

Managed 
Equilibrium

Hypothetical	AIS	Populations



AI
S 
Po

pu
la
tio

n 
Le
ve
l

Time
Low

High

Unmanaged 
Equilibrium

Unmanaged AIS Population
Managed AIS Population

Managed 
Equilibrium

Hypothetical	AIS	Populations



Statewide Eurasian Watermilfoil Study

• What is the statewide distribution and abundance of EWM?



Long-Term Eurasian Watermilfoil Study

• How does management affect long-term EWM   
population levels?
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Scale of Management

• How does the scale of management affect EWM 
efficacy and selectivity?

• Herbicide or alternative 
management will be conducted at a 
scale which will result in significant 
lakewide effects

• Herbicide or alternative 
management will be conducted at a 
scale which will not result in 
significant lakewide effects and 
effects are anticipated on a 
localized scale

Large-scaleSmall-scale



Small-Scale Treatment Resources



2,4-D Concentration/Exposure Time

Green & Westerdahl, 1990
JAPM 28:27-32

Recommended 2,4-D label rate: 
2.0 – 4.0 ppm
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24 hrs @ 2 ppm for 
‘good’ control
(Green & Westerdahl, 1990)









24 hrs @ 2 ppm for 
‘good’ control
(Green & Westerdahl, 1990)



6 Hours = 9.3 ppm

~12 Hours = 4.0 ppm

24 Hours = 2.0 ppm

2,4-D Conc. vs Exposure Time (Small-Scale)

72 Hours = 0.5 ppm



Rhodamine Dye Studies

• Explore use of alternative herbicides (i.e. Diquat, Aquastrike) 
and combos (2,4-D/endothall) for small-scale treatments.

• Required exposure time for these herbicides is less than that 
required for herbicides such as 2,4-D.

• A fluorescent rhodamine dye is simultaneously applied with 
the herbicide in order to track movement and estimate CET.

• Modified PI grid used to measure 
dye concentrations using a sensor 
during initial hours after treatment.

• Colored contour maps created to 
track movement.



Case	Study:	Loon	Lake	(Diquat)
• Three	small	areas	were	treated	with	liquid	diquat	for	hybrid	

watermilfoil	(HWM)	control.
• Diquat	applied	at	a	rate	of	2	gal/acre,	in	conjunction	with	10	ppb	

of	fluorescent	dye	(Rhodamine WT)	
• Pre	(spring)	&	post	(late‐summer)	PI	sub‐sampling



1	HAT
75-100%
50-75%
25-50%
10-25%
5-10%



2.5	HAT
75-100%
50-75%
25-50%
10-25%
5-10%



4	HAT
75-100%
50-75%
25-50%
10-25%
5-10%



6	HAT
75-100%
50-75%
25-50%
10-25%
5-10%



Efficacy	
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Case	Study:	Lake	Metonga
(2,4‐D/Endothall)

• Two	small	areas	treated	with	a	combination	of	liquid	2,4‐D	and	
endothall	for	Eurasian	watermilfoil	(EWM)	control.

• 2,4‐D	applied	at	4.0	ppm	and	endothall	at	1.5	ppm	(ai),	in	
conjunction	with	10	ppb	of	fluorescent	dye	(Rhodamine WT)	

• Pre	(spring)	&	post	(late‐summer)	PI	sub‐sampling
• Pre	(summer	‘14)	&	post	(summer	‘15)	EWM	mapping	survey



1	HAT
75-100%
50-75%
25-50%
10-25%
5-10%
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3	HAT
75-100%
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25-50%
10-25%
5-10%



5	HAT
75-100%
50-75%
25-50%
10-25%
5-10%
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Preliminary Findings
• Actual CET in the field is more difficult to predict 

and maintain in smaller scale treatments
• Aquatic plant data is more difficult to collect and 

analyze in smaller scale treatments
• Rapid dissipation of herbicide occurs within 1-4 

HAT in many small-scale treatment sites
• No “one size fits all” solution - future research into 

other herbicides (diquat, combos) 
• Future research into other IPM (hand-removal, 

DASH, etc.) for small-scale AIS control
• Future research into extending exposure time (i.e. 

barrier curtains)



Preliminary Recommendations
• Use the appropriate herbicide product for your 

expected exposure time. A short expected 
exposure time may require a fast-acting contact 
herbicide versus a systemic. 

• Treat blocks (>5 acres) vs. ‘amoeba’ shapes.
• Treat blocks when winds are <5 mph. Stronger 

winds increase dissipation rates and reduce 
contact time.

• Treat blocks on windward side of shorelines. Do 
not treat on leeward, protected shorelines.

• Treat early in the morning, or late in the evening 
when low winds may be sustained for a longer 
period of time.



Hand-Removal (DASH) Studies

• What is the efficacy, selectivity, and longevity of 
hand removal of AIS?

Considerations for Success, Challenges and Sharing our Experience: Hand-pulling and DASH for 
Aquatic Invasive Plant Removal

Planning, Management, and Implementation - Thursday, 11:00 am-12:00 pm

Integrated Pest Management: Manual Removal of Eurasian Water-milfoil on Silver Lake
Aquatic Invasive Species - Friday, 8:50-9:50 am

Wisconsin’s Rapid Response to the Introduction of Starry Stonewort and a Case Study Using Diver 
Assisted Suction Harvesting on Silver Lake, Washington County

Aquatic Invasive Species - Friday, 10:30-11:30 am

• Efficiency or rate of harvest will vary from 
lake to lake. 

• The ability to maintain long term control is 
lake to lake specific.

• To ensure “success”, it’s important to have 
a good plan.  Follow up visits may be 
required as well as continued monitoring.



Weevil Study

• How do weevils (Euhrychiopsis lecontei) affect 
milfoil population levels?

Integrated Pest Management: 
Testing the Efficacy of Milfoil Weevils in Controlling Eurasian Water-milfoil

Aquatic Invasive Species - Friday, 8:50-9:50 am



Large-Scale Treatment Resources



2,4-D Concentration/Exposure Time

Green & Westerdahl, 1990
JAPM 28:27-32

Recommended label rate: 
2.0 – 4.0 ppm
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Study Lakes
• 22 lakes
• Variety of lake types
• Range of sizes and depths
• Range of trophic status

Treatments
• Large-scale liquid 2,4-D lakewide

targets of 73 - 500 ppb (epilimnetic)
• Application rates of 250 - 4000 ppb
• 8-100% of lake surface area treated
• Early season (spring) treatments
• Monitored from 2008-2015



2,4-D Degradation
• Majority of models highly significant  (p <0.001)
• Mean 1-7 DAT ranged from 127-584 ppb
• 2,4-D half-lives ranged from 4-59 days
• Irrigation restriction (<100 ppb by 21 DAT) exceeded in 

over half the treatments
• Analysis in progress to determine what variables affect 

degradation rates (lake type, trophic status, pH, etc.)



Stratified Lake

Mixed Lake

2,4-D Vertical Dissipation



Milfoil Control



Milfoil Control



Long-Term Milfoil Control



Wolf Emily Parker
B. beckii - - < 0.001 - - - - - - - - - -
B. schreberi - - - 0.408 - - - - - - - - -
C. demersum - - 0.421 0.242 < 0.001 - 0.093 - 0.081 - 0.262 - -
Chara spp. 0.772 0.943 < 0.001 0.825 - 0.619 0.205 0.953 - 0.023 0.025 0.045 0.098
E. acicularis - 0.693 - - - - - - - - - - -
E. canadensis < 0.001 0.807 0.659 0.394 - - - - < 0.001 - - - -
H. dubia - - < 0.001 - - - - - - - - - -
M. sibiricum - - < 0.001 - - - - 0.003 - < 0.001 - - -
N. flexilis < 0.001 0.003 0.525 < 0.001 - < 0.001 < 0.001 - < 0.001 < 0.001 - < 0.001 < 0.001
N. guadalupensis - - - - - - - - - < 0.001 - - < 0.001
Nitella spp. - - - < 0.001 - - - 0.699 < 0.001 - - 0.011 -
P. amplifolius < 0.001 - - - - 0.629 - 0.275 - - - - -
P. epihydrus - - - < 0.001 - - - - - - - - -
P. friesii - - - - - - - - < 0.001 - - < 0.001 -
P. gramineus 0.038 0.036 0.841 - - - 0.074 - - 0.069 - 0.985 < 0.001
P. illinoensis - - - - - - - - - < 0.001 - - -
P. praelongus - - 0.778 - - - - - 0.010 - - - -
P. pusillus < 0.001 < 0.001 0.042 < 0.001 - 0.171 - - - - - - -
P. richardsonii - - 0.053 - - - - - - - - - -
P. robbinsii 0.014 - 0.749 - < 0.001 - - - - - - - -
P. strictifolius - - - < 0.001 - < 0.001 - - - - - - -
P. zosteriformis - - 0.144 0.032 < 0.001 - - < 0.001 - - - < 0.001 -
S. pectinata - - - - - - 0.334 - < 0.001 < 0.001 - - < 0.001
U. vulgaris - - - 0.249 - - - - - - - - -
V. americana < 0.001 < 0.001 < 0.001 0.041 - - 0.016 - - - 0.443 0.252 0.537

# native spp sig increase 0 0 0 2 0 0 2 0 1 1 0 2 1
# native spp sig decrease 7 4 6 5 3 2 0 2 5 5 1 3 3

net increase/decrease -7 -4 -6 -3 -3 -2 +2 -2 -4 -4 -1 -1 -2

HelenTomahawk
Sandbar 

'11

South 
Twin 
'09 Kathan Wilson Frog Silver Deep Marion

Native Plant Community



Hybrid Watermilfoil
• Many misconceptions and 

misinformation regarding hybrid 
watermilfoils (M. spicatum X sibiricum) 

• Milfoil populations tested for hybridity 
through ITS genetic sequencing 

• ~140 lakes in WI have HWM 
confirmed

• There is not one ‘single’ hybrid 
watermilfoil, but it is rather a 
genetically diverse group that reflects 
recurrent hybridization 

• Not all HWM appear to be tolerant to 
herbicides, but many show statistically 
significant differences in % control 
when compared to pure EWM



“Alternative” Large-Scale Treatments

• Explore use of other herbicides (i.e. fluridone, triclopyr) 
and combos (2,4-D/endothall) for large-scale treatments.

• These herbicides may be good alternatives for milfoil 
populations which have demonstrated lack of 
susceptibility to 2,4-D in the field and/or laboratory.

• Need to balance out efficacy for milfoil with selectivity 
towards natives.

• Frog Lake, Florence Co. – Fluridone

• English Lake, Manitowoc Co. – 2,4-D & Endothall 



Large-Scale Treatments - Fluridone

• Frog Lake: 6-bump-6 liquid fluridone treatment
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Large-Scale Treatments - Fluridone

• Frog Lake: 6-bump-6 liquid fluridone treatment
Selectivity
• 6	species	statistically	declined	

during	year	of	treatment
• 3	species	did	not	change
• Recovery	of	many	natives	

observed	within	1‐2	years



• English Lake: 2,4-D (0.25 ppm) & endothall (0.53 ppm)

– 0.25	2,4‐D	ppm	ae	(0‐7	DAT)
– 0.64	endothall	ppm	ae	(0‐7	DAT)

Large-Scale Treatments – 2,4-D/Endothall
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Large-Scale Treatments – 2,4-D/Endothall

Slender naiad (Najas flexilis) Coontail (Ceratophyllum demersum) 

  
Muskgrasses (Chara sp.) Sago Pondweed (Stuckenia pectinata) 

  
Leafy pondweed (Potamogeton foliosus) Common waterweed (Elodea canadensis) 
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Selectivity
• 2	species	statistically	declined	

during	year	of	treatment
• 1	species	increased
• Recovery	of	natives	observed	

within	1	year
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Large-Scale Treatment Summary

• Herbicide dissipation is rapid and large scale treatments can result in a 
whole-lake treatment if the scale of the treatment area is large compared 
to the overall lake epilimnetic volume

• Lake stratification and water temperature are very important to consider 
when calculating volume

• Early spring, large scale 2,4-D treatments may result in longer 
persistence of herbicides than expected; may exceed 100 ppb (0.1 ppm) 
for >21 days

• EWM control looks promising, however short-term damage to certain 
native species may occur and long term effects on biotic and abiotic 
parameters is uncertain

• Hybrid watermilfoils need to be better documented and studied in both 
field and laboratory studies

• Herbicide monitoring is important, both to understand treatment efficacy, 
as well as ecological risks



Drawdown Studies

• How do water level drawdowns affect EWM/CLP   
population levels?

• Soo (Lac Sault Dore) Lake, Price Co.
• Musser Lake, Price Co.



Drawdown Studies

• Soo Lake: Winter drawdown (6ft) to control EWM



Drawdown Studies

• Musser Lake: Winter drawdown (~5-6ft) to control CLP
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Drawdown Studies

• Musser Lake: Winter drawdown (~5-6ft) to control CLP



Drawdown Studies

• Musser Lake: Winter drawdown (~5-6ft) to control CLP



Mechanical Harvesting Studies

• How does selective mechanical harvesting affect 
EWM/CLP population levels?

• Turville Bay, Dane Co.
• Mid Lake, Oneida Co.



Mechanical Harvesting Studies

• Turville Bay: Several years of early season, single 
‘deep’ cut mechanical harvesting for EWM/CLP control

EWM CLP



Mechanical Harvesting Studies

• Mid Lake: Several years of early season, multiple cut 
mechanical harvesting for CLP control



Integrated Pest Management

Porters Lake Eurasian Watermilfoil Monitoring and Management
Citizen Science - Friday, 8:00-8:40 am

• Utilize quantitative monitoring to understand 
the distribution and extent of AIS in the 
waterbody

• Set a realistic management goal
• Pick the best set of tools to reach that goal
• Evaluate progress periodically to see if goals 

are being meet
• Alter management tools if goals are not 

being achieved 



Implementing Integrated Pest 
Management In Wisconsin

Scott Provost
Statewide APM Coordinator

Wisconsin Department of Natural Resources



Historical Perspective
 <1989 Aquatic 
Nuisance Control

 1989 Aquatic Plant 
Management

 2001 Aquatic Plant 
Management
 First regulated approach 
to IPM

Plans & Permits



Present Day IPM Implementation
 Active research in a 
collaborative approach

 Implementation of new 
techniques/methods

 Holistic management is 
becoming the norm

 AIS focused/protect 
native species

 Comprehensive plans
 Revision of code(s) to 
reflect new technologies 
and philosophy

Plans & Permits



Integrated pest management (IPM) is an ecosystem‐
based strategy that focuses on long‐term prevention of 
pests or their damage through a combination of 
techniques such as biological control, habitat 
manipulation, modification of cultural practices, and 
use of resistant varieties. Pesticides are used only after 
monitoring indicates they are needed according to 
established guidelines, and treatments are made with 
the goal of removing only the target organism. Pest 
control materials are selected and applied in a manner 
that minimizes risks to human health, beneficial and 
nontarget organisms, and the environment. 

Definition of IPM (UC)



3 Main Concepts of IPM
 Decision making process
 Use all available pest management techniques
 Prevent damage from pests while reducing the 

risk to human health and the environment



Decision Making Process
 Use Scientific Research

 Science based evaluations
 Minimize anecdotes

 Social Impacts
 Safety impacts
 Economics 

 Detailed Plans
 Explain management options
 How, when and where they will be 
implemented



Use all available techniques
 Mechanical
 Manual
 Chemical
 Biological
 Observation
 Prevention
 Water Levels

Hybridized (integrated) 
approach



Control While Minimizing Risks
 Use best management 
practices

 Use the right tools
 Robust evaluation
 Inform and educate – Share 
information!

 Policy



Making IPM Work
 Include in management plans

 Consultants and sponsors work with agencies
 Details
 Follow plan with action

 Required in permits by WDNR
 Obligated to IPM in WPDES
 Embedded in NR 198.43 (grants)

 Monitor efficacy
 Learn and employ (adaptive management)
 Plan for future management



Aquatic Invasive Plant Control
AIS Grants

Scott Van Egeren 
Lake and Reservoir Ecologist

Wisconsin Department of Natural Resources



Types of AIS Control Grants

• Early Detection, Rapid Response 
• Established Population Control
• Maintenance and Containment
• Education, Prevention and Planning
• Research and Demonstration



AIS Grant Funding Allocation

45

33.5

10

10
1.5

Education, Prevention, Planning

Established Population Control

Early Detection Rapid Response

Research and Demonstration

Maintenance and Containment

Total funding = $5 million/year

Percent of Funding Allocation



Early Detection, Rapid Response
• Highest priority for funding
• $20K grant maximum
• Detection and control of relatively new and 

low coverage occurrences of AIS
– <5% frequency and present less than five 

years 
• Early detection monitoring for a new AIS in a 

region. 
• A high likelihood of significant reduction and 

subsequently lower management costs.
• Activities likely include monitoring, hand 

removal, DASH or herbicide treatments.



Education, Prevention and 
Planning

• Grant caps range depending on activities. 
–$10K – education or plan updates 
–$50K – development of AIS plans 
–$200K – regional AIS coordination/planning 

• Create AIS control plans
• Watercraft inspection for AIS 

containment or prevention.
• Monitoring of AIS (including 

management evaluation).  



Established Population Control

• $200K grant maximum
• Goal: Control substantial AIS populations. 
• Funds management recommendations 

from an approved AIS/lake management 
plan.

• Maximize AIS control and minimize 
damage to native aquatic plants. 

• Activities likely include whole-lake or 
large-scale herbicide treatments or 
drawdown.



Established Population Control
• Good projects will include:

– Clean Boats, Clean Waters for containment
– Target levels of control needed to restore lake uses 
– Quantitative surveys the year before management
– Large-scale or whole-lake AIS management
– Herbicide concentration monitoring for evaluation
– Quantitative surveys following management 
– Report comparing pre and post surveys…

• Were target levels of control met? 
• What were the impacts to native species?

– A strategy for maintaining suppressed population after 
control target is reached.    



Maintenance and Containment
• Cover the cost of APM permit fees. 
• Ongoing control of a suppressed population following 

substantial control. 
– Target level of control from plan has been met.
– Prevent population from… 

• re-establishing throughout the lake.
• spreading to other lakes (containment).
• impairing lake uses (swimming, fishing, boating) 

• Activities may include spot treatments, DASH or hand 
pulling.

• Good projects will follow whole-lake management and 
spend the funding on management activities. 

• The control areas will likely be too small to monitor 
for effectiveness. 



Grants Code Revision

• Opportunities for involvement

DNR Surface Water Grants: What’s on the Horizon? 
Thursday 2:35-3:15 pm



Q&A Panel


