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Adaptive Management Framework for Managing Native Prairie in the Prairie Pothole 
Region 

Kick-Off Meeting 
23-24 July 2008 

Jamestown, North Dakota 
 

AGENDA 
 

DAY 1 
 
Welcome and Introductions – Knutson 

•  Purpose and design of the FWS-USGS RCRP program 
 
Project Background 

• What’s the problem? – Grant 
1) History of native prairie and invasive species management on FWS lands  

• What do we hope to accomplish this week? – Flanders-Wanner 
1) Identify key uncertainties in the management of native prairies 
2) Develop a draft decision structure and identify important elements of an adaptive 

management framework for Service-owned native prairies 
• Who are the key participants? - Flanders-Wanner 

1) Identify PI’s – USGS & FWS 
2) Identify modeling team 

 
Principles of structured decision making and adaptive management – Moore 
 
Case example of adaptive decision making applied to prairie management – Shaffer 
 
Overview of Minnesota Adaptive Grassland Management Project – Bousquet 
 
Break 

The following discussions form only the first round of a conversation that will be revisited at 
later points in the workshop and throughout the course of the project.  There is no expectation 
that all details about objectives, the decision context, or the models will be resolved in one 
session, but initial structuring of a framework should be achievable. 

 
Bounding the Problem 

Focus of the project: restore/maintain native prairies.  What stations might participate – 
states, Regions?  What is the spatial grain of management?  Do stations have the flexibility 
of varying the treatment each year or among units within a station?  Is there the potential to 
monitor each year? 

 
Lunch 
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Objectives: 
What outcomes do we want, and what things do we want to avoid? 
• Introduction – Moore 
• Discussion of prairie management objectives with respect to: 

o Fundamental vs. means objectives 
o Can we measure our objectives (e.g., “ecological integrity”)? 
o Placement of value (societal, ecological, etc.) on different outcomes 
o Incorporation of costs and satisfaction of constraints 
o Accommodation and resolution of multiple objectives 

 
Decision Context and Decision Alternatives: 

What is the temporal and spatial context for decision making? What will be the full “menu” 
of actions? 
• Introduction – Moore 
• Discussion of decision context and decision alternatives with respect to: 

o Ability to predict a response to each action 
o Degree of consistency in how treatments are applied across landscape 
o Few coarsely-spaced vs. many finely-distinguished alternatives 
o Conventional, unconventional, and entirely inadmissible treatments 
o Logistical constraints in applying treatments 

 
Linking Objectives to Decision Alternatives 

• Re-visit the previous discussions to resolve the question: 
  What is the value of each outcome in light of what was used to achieve it? 

 
DAY 2 
 
Insights, Review of Day 1 progress - Knutson 
 
Forms of Uncertainty: 

What uncertainties make decision making difficult? Which ones are reducible through 
management? 
• Introduction – Moore 
• Lessons from the Brome Summit – Flanders-Wanner 
• Discussion of uncertainties that impede decision making: 

o Irreducible forms 
 stochastic uncertainty (e.g., drought) 
 partial controllability (e.g., incomplete treatment) 
 partial observability (e.g., sampling) 

o Structural uncertainty is reducible and implies different predictions of outcome 
for a given action 

• Group identifies which uncertainties are most important to resolve (ranking exercise) 
 
Lunch 
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Monitoring: 
What information will have to be collected – and in what manner – to assess current 
resource state, to measure progress towards objectives, and to reduce structural 
uncertainty? 
• Introduction – Moore 
• Discussion of monitoring with respect to: 

o Roles of information in decision making and learning 
o Whether all routinely or conventionally collected information is relevant for 

decision making 
o Whether the objectives we identify are measurable 
o How management carried out over time and dispersed over space will be used to 

inform future management 
• Identify monitoring team 

 
Wrap-up and Next Steps 

• Consensus and recap of elements of decision framework 
• Participation by stations - deadlines 

  - 2009 (pilot): 4-6 stations (R6 & R3) 
  - 2010 onward: ≥12 stations 
• Timeline for project 

  - Modeling team meets 
  - Monitoring team meets 

 
Adjourn 
 
 
 
 

5

NPAM First Annual Kick-Off Meeting 
__________________________________________________

 
_________________________________________________

3 
___________________________________________________
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Cami Dixon Devils Lake Complex, ND 701-662-8611 Cami_Dixon@fws.gov

Cheryl Jacobs Long Lake NWR Complex, ND 701-387-4397 Cheryl_Jacobs@fws.gov

Clinton Moore USGS Patuxent 706-542-1609 cmoore@warnell.uga.edu

Connie Mueller Lostwood NWR Complex, ND 701-848-2466 connie_mueller@fws.gov

Dan Hertel Detroit Lakes WMD, MN 218-844-3411 Dan_Hertel@fws.gov

Dave Azure Arrowwood NWR, ND 701-285-3341 Dave_Azure@fws.gov

Ed Dekeyser NDSU, ND 701-231-7868 edward.dekeyser@ndsu.edu

Ed Meendering Long Lake NWR Complex, ND 701-387-4397 Edward_Meendering@fws.gov

J B Bright Morris WMD MN 320-589-1001 JB Bright@fws govJ.B. Bright Morris WMD, MN 320 589 1001 JB_Bright@fws.gov

Jay Peterson Sand Lake WMD, SD 605-885-6320 Jay_Peterson@fws.gov

Jeff King Tewaukon NWR, ND 701-724-3598 Jeff_King@fws.gov

Jeffrey S. Gleason Kulm WMD, ND 701-647-2866 jeff_gleason@fws.gov

Jill Gannon University of Georgia-Warnell, GA 206-714-0146 gannonj@warnell.uga.edu

Juancarlos Giese Rydell and Glacial Ridge NWR, MN 218-687-2229 Juancarlos_Giese@fws.gov

Kathy Baer Audubon NWR, ND 701-442-5474 Kathy_Baer@fws.gov

Kelly Hogan Souris River Basin NWR 701-468-5467 Kelly_Hogan@fws.gov

Kim Bousquet Big Stone NWR, MN 320-273-2191 Kim_Bousquet@fws.gov

Kristine Askerooth Tewaukon NWR, ND 701-724-3491 Kristine_Askerooth@fws.gov

Kyle Kelsey Madison WMD, SD 605-586-4174 Kyle_Kelsey@fws.gov

Laura Hubers Waubay NWR, SD 605-947-4521 Laura_Hubers@fws.gov

Mason Sieges Huron WMD, SD 406-240-1745

Melinda Knutson BMT 608-781-6339 Melinda_Knutson@fws.gov

Mike Rabenberg Long Lake NWR Complex, ND 701-387-4397 michael_rabenberg@fws.gov
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_____________________________________________________________________________________________ 
Notes Contributed By:   Kathy Baer, Bridgette Flanders-Wanner, Jill Gannon, and Kyle Kelsey 
Notes Compiled By:  Jill Gannon 
October 6, 2008 

Adaptive Management Framework for Managing Native Prairie 
 in the Prairie Pothole Region 

Kick-Off Meeting  
July 23 & 24, 2008 

Jamestown, ND 
 
 
Invasion by introduced, cool-season grasses is viewed as an imminent, widespread threat to the 
biodiversity of prairies managed by the Fish and Wildlife Service.  The Dakota and Minnesota 
Grassland Monitoring Teams, in collaboration with USGS, obtained funding through the Refuge 
Cooperative Research Program (RCRP) to develop an adaptive management framework that will 
help guide and inform Service efforts to address invasive plant issues on native prairies.  We 
propose to develop and test a multi-region, adaptive management process that will allow the 
Service to collaboratively assess the effectiveness of various control methods and systematically 
reduce management uncertainty over time. Under such a framework, results will have far broader 
applicability and greater reliability than any one station working alone can achieve.  This kick-
off meeting was held to discuss the development of such an approach.   
  
The meeting was attended by 36 individuals, including 31 Service personnel, four USGS 
personnel or affiliates, and one NDSU affiliate (see attached attendee list).  The Service 
individuals included project leaders, refuge and district managers, and wildlife biologists from 
throughout the Prairie Pothole Region who have an interest in a collaborative approach to the 
management of native prairies.   
 
Primary purposes of the meeting were to 1) engage in discussions and reach consensus on 
management objectives for Service-owned native prairies; 2) discuss and identify key 
uncertainties in native prairie response to management; and 3) begin discussions on a prospective 
decision framework for the adaptive management process. 
   
Through the collaborative involvement of Service personnel throughout the Dakotas and 
Minnesota, we hope to be successful in developing an end-product that accurately reflects 
management reality and complexity.   
 
What follows is a synopsis of the 2-day meeting.  It is organized according to the meeting agenda 
(attached) and covers the background, problem, objectives, decision alternatives, uncertainties, 
and monitoring aspects of the project.  Reflective of the brainstorming nature of the meeting, the 
notes are a free-form play-by-play that include discussions, comments, questions, and responses 
by various meeting participants.  
 
This kick-off meeting was preceded by the Brome Summit, a 2-day technical meeting held 
March 14-15, 2006 in Jamestown, ND.  The Brome Summit was attended by 30 individuals with 
expertise on smooth brome from federal and state agencies, universities, and the private sector.  
Attendees exchanged and synthesized information on smooth brome ecology and control 
strategies.  Proceedings of the Brome Summit can be found at: 
http://www.npwrc.usgs.gov/resource/plants/bromesummit/ 
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DAY 1 
 
PROJECT BACKGROUND 
 

• Presentations  (Attached) 
o Purpose and design of the FWS-USGS RCRP program – Melinda Knutson 
o Plant Community Composition of Service-owned Prairies in North and South 

Dakota – Todd Grant 
o Principles of Structured Decision Making and Adaptive Management – Clint 

Moore 
o Case Example of Adaptive Decision Making Applied to Prairie Management – 

Terry Shaffer 
o Overview of Minnesota Adaptive Grassland Management Project – Kim Bousquet 

 
• The #1 problem is smooth brome because of its: 

o frequency of occurrence  
o rate of increase 
o ability to out-compete and replace native grasses once it becomes established 

 
• Todd Grant’s opinion:  We have 10 years to do something radically different in 

management or we will squander the remaining native prairies. 
 

• Smooth Brome vs Kentucky Bluegrass 
o Invasion varies with soil type because the competitive abilities of smooth brome 

and kentucky bluegrass vary with soil type. 
o Kentucky bluegrass can coexist with other plants, whereas smooth brome replaces 

all plants. 
 

 
 
BOUNDING THE PROBLEM 
 
Concerns that were voiced by workshop attendees – “How are we going to deal with…?” 

• The challenge of the various gradients:  east to west, north to south, tallgrass to short 
grass, and climate.   

o Response (Shaffer):  It’s possible we could build these factors in as covariates or 
we may just treat them as sources of variation.  It will depend on our ability to 
predict how these factors will impact the management treatments. 

• The difference between regions 
o Differences in grassland management issues between R6 and R3; R6 is focused 

on the cool season invasives and R3 has been working on the tree issue.  

 
_____________________________________________________________________________________________ 

o Differences won’t just be limited to habitat.  Other differences to contend with 
will include: cultural, allowable attributes, past disturbances, appropriate tools 
(e.g., grazing vs cultivation traditions), and differences between grazing and fire 
and how they are incorporated into land management.   
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o To date, R6 & R3 have been approaching the invasion issue with some level of 
dichotomy.  There will be contrasts that will need to be resolved to meld the two 
strategies. 

• Different invasive species (i.e., is it smooth brome or kentucky bluegrass) 
• Some refuges not having the full “tool kit”; that is, not have all management alternatives 

(such as fire, grazing, etc) available to them 
o Response: Can still participate.  Learning still occurs when the optimal treatment 

cannot be implemented. 
• The type of burning and grazing; that is, the intensity, timing, and frequency 
• Monitoring 
• Thresholds – Is there threshold of invasion where the land is past the point of return? 

o Response:  Thresholds are unknown and will vary with the tools and resources 
available.  We hope to learn more about thresholds as part of the process. 

• Replicating units at the full spectrum of invasion 
o Some managers have super invaded areas, others less invaded, and some middle 

of the road 
 Voiced concerns 
• How will this [project] be helpful to me when I have good intact prairies? 
• Can this [project] be useful to me in my region, my district, my level of 

invasion, my invasive species, and my treatment options? 
o Response:  you are contributing to the larger effort at your station, 

but your station is also benefiting from other stations by learning 
more quickly 

o Response:  All stations have something to contribute to the 
learning process.   

• The effects of invasive species management on other aspects (such as, soil biota, wildlife 
diversity, ecosystem function)? 

 
 
Comments that were made: 

• Land management is part art and part science 
o We are trying to tip the scales toward science 

• We need to get the Project Leaders, and other higher-ups, on-board with the project so we 
will have fiscal support (passion isn’t enough to support this program in the long-term; 
needs dedicated funding). 

o How do we get them to embrace it? 
 Suggestion – get the Project Leader and Biologist together and do 

outreach; go to the Region Supervisors with “the top issues we need to 
tackle over the next 10 years” 

o Adaptive Management is a huge issue at the top, so support should trickle down.  
DOI has put out a guidebook on Adaptive Management; this project follows that 
guidebook. 

o We need top down and bottom up support for the project to work. 
 

 
_____________________________________________________________________________________________ 
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Who should participate?  Which stations, states, or regions? 
• We do not want to limit participation but we want to keep the focus where smooth brome 

and kentucky bluegrass are the main issue. 
• The interest is in native sod (no cropping history). 

o What about lands that have been under the plow and reseeded? 
 The project would be applicable to both because managing for competition 

between plants – that is, the ones we want versus the ones we don’t want. 
 May lose support from Project Leaders if open up to reseeded and not 

restrict to native sod. 
 Including both native and reseeded lands would add another level of 

complexity to the modeling. 
 We plan to focus on native sod; however, after the term project, USFWS 

can use it for whatever lands they want (i.e., native sod and/or reseeded 
native).  The outcome of this project could be a tool which could be 
applied to all grasslands, including those that do not fit into the framework 
of this investigation. 

 The assumption is that planted natives don’t have the seed bank to respond 
to treatments. 

• Inclusion of woody species – trees and tall shrubs? 
o Some regions would like to see this component added. 

• East-West gradient differences 
o Climate 
o Type of prairies 
o Treatment options 
o Woody vegetation presence and type 

 These need to be taken into account in the model; they are sources of 
variation that we can identify and need to incorporate. 

• May find because of large spatial landscape, multiple models may be true in different 
parts of the study area 

o Response: There may be a lurking variable missing from our models that may 
explain why managers are seeing different things; advantage of having the 
marginal stations involved is that it provides information about the fringes of the 
range 

• Where is the priority? 
o We can learn a lot about a few things or a little about an entire suite of issues.  We 

need to focus on a few key uncertainties to get the most out of it. 
• What about outside researchers? 

o Universities, for example, may be interested in piggy backing on our treatments to 
study the response of birds or invertebrates, for example.  USFWS does not have 
the resources to study these things and we cannot include this type of study in this 
project. 

 
 
 

 
_____________________________________________________________________________________________ 
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What will be the scale of application? 
• We should set up a minimum size because we want to make sure that the changes are due 

to treatments and not to things going on around the tract. 
• The treatment will drive the minimum size of the units; for example, there is some 

minimum amount of land needed to graze cattle or conduct a patch-burn-graze.   
• At the Brome Summit, they proposed a quarter section. 

o Region 3 said a ¼ section is too large. 
• Question Raised – What if you have a ¼ section to apply a treatment to, but this ¼ 

section only has a small amount of native prairie?  Does the entire ¼ section need to be 
native prairie?  If not, what is the minimum amount of native prairie it can have? 

o Response:  It depends; the surrounding landscape will need to be taken into 
account. 

• A great discussion was raised by the group regarding appropriate scale.  It is important to 
emphasize that selecting a unit size that is too large for Minnesota and the eastern 
Dakotas to participate is unacceptable.  We need involvement of Region 3; we do not 
want a size limit to eliminate Region 3 from participation.  It will be important to make 
sure the stations with smaller units are involved in the decision process when we tackle 
the issue of unit size in more detail. 

• There was A LOT of desire to continue this discussion, but it was curtailed because it 
was getting beyond the scope of the meeting.  It was suggested that the discussion be 
deferred to a later time. 

 
 “Bounding the Problem” was cut short because we needed to move on.  People had A LOT to 

say and did not get to discuss everything fully. 
 

 

OBJECTIVES 

• Introductory presentation by Clint Moore (Attached) 
 

• The objective must be something that we can measure. 
 

• We must be able to predict a response of an action. 
 

• Composition and/or Vegetative Structure? 
o Composition:  

 Diversity 
 Richness 
 Dominance 

o Vegetative Structure 
 Height density 

o It was decided to focus on increasing native plant composition. 

 
_____________________________________________________________________________________________ 

 Assume that structure will follow composition. 
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• Ecosystem function 
o Currently dysfunctional systems 
o Is there a metric for this? 
o Can we assume that an increase in native prairie is a gain in ecosystem function? 

 
• Objectives determine the success or failure of the model.  If the objectives require more 

time to determine, the model will not progress until the measurements are compiled.   
 

• Suggestion:  We focus on one fundamental objective and let cooperators (e.g., 
universities) study other aspects (e.g., birds).  It would be an opportunistic add-on, not a 
focus.  They would piggy-back on our management treatments. 

 
• Who are the stakeholders? 

o The refuge managers and biologists 
 

• Suggested Objectives: 
o Decrease smooth brome 
o Decrease kentucky bluegrass 
o Decrease woody plants 
o Regain ecosystem function 
o Increase trust species (e.g., ducks) 

 
• If we focus on one objective – plant composition – and are successful, then we will be 

successful in the above objectives. 
 

 Agreed Upon Objectives: 
o Increase native plant composition 
o Decrease smooth brome and kentucky bluegrass 
o Minimize cost 

 
 
 
DECISION ALTERNATIVES 
 

• Introductory presentation by Clint Moore (Attached) 
 

• We need to keep options limited and wide-ranging 
o The response needs to larger than the background noise in order to learn anything. 

 
• Treatments as options: 

o Graze 
o Fire 
o Graze and Fire combination 
o Patch-Burn-Graze 

 
_____________________________________________________________________________________________ 
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o Mechanical treament (e.g., haying) 
Mowing for weed control is not considered a “treatment” and is permitted as 
necessary in addition to the treatment, regardless of the chosen treatment.  

o Rest 
 

• Eliminated the following treatments as options because too costly/aggressive/ineffective: 
o Herbicide 
o Biological control 
o Extensive rest 
o Inter-seeding 

 
• There was debate whether the mechanical treatment of haying should be an option.  It 

was eliminated and then put back on the table. 
o As a reason for it to not be an option, it was stated that haying does not elicit a 

physiological plant response and does not affect plant competition. 
o There was strong interest by managers in the room to keep mowing as a possible 

treatment. 
o This is not a regional gradient, so there is enough interest 
o Haying may be used in two different ways; as an optimal treatment or as a 

secondary tool for weed control. 
 

• There is a differential  response of the two invasive species to the decision alternatives: 
o Kentucky bluegrass does not like fire because it needs water and the fire dries out 

the humus layer. 
o Smooth brome either likes fire or is unaffected by fire. 
o Smooth brome is sensitive to grazing because it is palatable. 

 
• Temporal unit 

o Management is usually approached from a planning perspective (over multiple 
years) but decisions are made annually based on response, available resources, 
and conditions. 

 Fire is decided on an annual basis 
 Cattle are contracted for 2 years (for some) 

o There was consensus for annual treatments and annual monitoring 
 

• Questions Raised: 
o Question:  How do the managers deal with other invasives that come in after a 

burn, such as sweet clover and canada thistle? Can they take other additional 
management actions on the treated unit, other than the decided treatment 
alternative; for example, mow clover? 

 Response:  Yes, with side-boards 

 
_____________________________________________________________________________________________ 

 Response:  Units can be managed for peripheral issues (weeds) as would 
normally be done.  You can manage as you need to when you need to; just 
make sure you document what you do, where you do it, and when you do 
it. 
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 Response:  We must deal with these issues because they represent real 
management. 

 Response:  This is “partial controllability”, a form of uncertainty, and adds 
more noise to the model.  But, we need to document it and acknowledge it.   

o Question:  If the woody vegetation is not going to be incorporated in the 
objectives, can it be managed outside of the treatment as weed control? 

 Response:  Yes. 
o Question:  If decisions are made annually, can we get at the frequency of 

treatments?   
 Response:  We can get at frequency in a post hoc sense, but we can’t build 

it into the model.  
o Question:  What constitutes a graze?  Season-long?  Spring?  What are the side-

boards?  
 Response:  Side-boards are yet to be determined. 

o Question:  What is the difference between the Graze and Fire combination and the 
Patch-Burn-Graze treatment? 

 Response:  The Graze and Fire combination is applied to the full unit; 
cows don’t have a choice where to graze.  With Patch-Burn-Graze, the 
cows decide where to graze. 

 Response (Dekeyser):  Patch-Burn-Graze uses season-long grazing, while 
the Graze and Fire combination typically limits the grazing period (e.g., 
fall burn followed by spring graze). 

• It is a difference in intensity 
o Question:  How will they monitor a Patch-Burn-Graze treatment? 

 Do they have to monitor the fire patch that was burned and grazed and the 
non-fire patch that was only grazed? 

o Question:  Are Patch-Burn-Graze and the Graze & Fire combination different 
enough to be compared to each other? 

 
• Patch-Burn-Graze Issue: 

o Patch-Burn-Graze isn’t an annual decision (as are the other treatments); you 
commit to it for years; e.g., four years if treating quarters, three years if treating 
thirds. 

 Suggestion (Moore):  We can take Patch-Burn-Graze out of the treatment 
options, but we can still do it as a paired design (i.e., pair it with any of the 
other annual treatment options) and learn from it.   

 
• Comments on Expectations: 

o The model is not going to get at specific prescriptions; e.g., spring graze vs fall 
graze 

 After data have been collected, we can look at these finer details post hoc, 
but the model is not going to give us this. 

• We need to really think about the type of data collection and 
monitoring we will do to get at these important questions.  This is 

 
_____________________________________________________________________________________________ 
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an opportunity to really focus efforts to answer specific questions 
of interest. 

o People need to understand that results will take a while.  Don’t lose interest when 
you don’t see immediate results. 

 
 
 
DAY 2 
 
UNCERTAINTIES 
 

• Uncertainties can be broken into three category types: 
       A. What do we want to know? 

1. Current conditions: native species, species diversity, distribution, litter, 
invasives beyond target species, degree of threat of each invasive, soils, 
hydrology 

   2. History:  pre-European, prior to USFWS, since USFWS  
   3. Trigger points of different people 
   4. Rare & sensitive species, T&E, weed mandates 
   5. Seedbank – what’s in there, what are the replacement plants? 
       B. What are the management constraints? 
   6. Management constraints: fences, people, soils, hydrology 

7. Internal Human Dimension: Objective, purpose, and focus of our staff 
and mission 

   8. External Human Dimension: Cooperators 
       C. What do we want to learn? 
   10. Can we get rid of smooth brome if established?  
   11. What species replace smooth brome? 
   12. Threshold  
   13. How much mgmt required? (timing, frequency, intensity, “resiliency”)  
   14. What type of management should we use?  
   15. Trigger points of managers 
 

• There are reducible and irreducible uncertainties. 
 

• To elucidate uncertainties, ask yourself: 
o What information do I need to feel as though I am making an informed and good 

decision? 
o What affects your decision? 

 For example, if you know the precipitation, will this change whether you 
decide to burn or graze? 

o If another manager and I are working towards the same objective and I decide a 
unit should be given treatment A and he/she decides it should be given treatment 
B, why did we arrive at different conclusions? 

 
 
_____________________________________________________________________________________________ 
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• State variables versus fundamental questions of ecology. 
 

• Model example: 
o y=x1 + x2 +x3 + ....Trt  

 State variables, x1 through xx, are the variables that affect how the 
treatment will affect the response, y, where y is floristic composition.   

• The key to finding the right answer is to ask the right questions. 
o What x’s have influence on how the plant composition will 

respond to the treatment? 
 

• It is a highly dimensional problem; however, there may be a few critical factors/elements.   
 

• Ranking exercise:  Listed potential state variables and had people select their top 3 that 
they felt were important in making their management decisions.  The first number is the 
number of votes that the variable received, while the second number is the number of 
people who selected that variable as their top variable of importance. 

1) Precipitation (7,1) 
2) Soil type and Moisture (3/0) 
3) Species diversity/Replacement Species (18/11) 
4) Percent invaded (18/5) 
5) Invasive threat (i.e., smooth brome or kentucky bluegrass) (12/1) 
6) Litter/humus accumulation (9/0) 
7) Management history (2/0) 
8) Historic processes (3/0) 
9) Tract size/edge effects (2/0) 

 
• Questions Raised: 

o Question:  What is going to be expected of us as participants? 
 Response (Kelsey):  They [the research team] are not asking us [the 

managers] to do anything we aren’t already doing.  They just want to 
document what we’re doing to inform us and help guide us down the road.  
It will mean more monitoring.  It will require a commitment to stick with 
it.  But we know the monitoring has to be doable for this to work.  Once 
the monitoring protocol is set, refuges need to be honest with themselves 
about what they can do for the long haul, not what they can do in a good 
year. 

o Question:  Can we [the refuge] offer up 10 units in year one and only two units in 
year two?  That is, can we change the level of our participation depending on our 
current level of resources? 

 Response (Grant):  It would decrease synergy not to follow a unit through 
time consistently.   

 Response (Moore):  This can be flexible, but during the 3-yr development 
portion of this project we may need a certain commitment. 

 
_____________________________________________________________________________________________ 
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 Response (Flanders-Wanner):  A minimum commitment by each station 
would keep the momentum up and insure the continuation of the project 
over the long-term. 

 Response:  Need to have commitment to keep up monitoring continuously 
on a tract to best observe the results 

 Response:  The commitment is to monitoring, not to treatments 
o Question:  What is the “minimum” number of units the refuge can offer to 

participate? 
 Response (Grant):  One unit.  What about setting a minimum number of 

years to commit before the refuge can opt out? 
 
 
 
MONITORING 
 

• There are three purposes to monitoring: 
1) To measure state variables and the state of the system. 
2) To inform us on the performance of the models in terms of the predictions they 

generate.  That is, to compare the observed response to the predicted response. 
3) To document how management was implemented (e.g., frequency, intensity); that 

is, to begin recording management history. 
 

• Monitoring should be designed so as not to be burdensome.  We only need to monitor 
what we need to make the project work. 

 
• Questions Raised: 

o Question:  Will the difference between Dakota belt transects and Minnesota belt 
transects be a conflict that needs to be resolved?   

 Response (Grant): Metrics of monitoring haven’t been decided yet.  The 
belt-transect method was just an inventory tool and it may not be the 
appropriate monitoring tool.  We may commit to something completely 
different.  We will develop a monitoring protocol that fits the specific 
objectives of this particular RCRP project.  All participants need to use the 
same monitoring protocol. 

o Question:  Are there sideboards on how and when we monitor so the data is 
comparable?   

 Response (Shaffer): This question gets at the issue of partial observability.  
Yes, guidelines will be in place.  Making this a palatable system will 
require that the monitoring protocol is reasonable. 

 Response (Grant): As far as timing, the overlap between C3 and C4 is 
ideal. 

o Question:  Does baseline need to be in place to get started with the pilot? 
 Response:  Inventory work in the Dakotas has been a beneficial process, 

but it is not essential for the adaptive management phase.  Monitoring 
after the first year is going to provide the common baseline. 
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o Question:  How will monitoring data be managed? 
 Response:  We will create a central database where participating stations 

can enter their data.  
 Response (Shaffer):  We will need to develop a crude monitoring scheme 

for the spring 2009 field season so participating stations can add their 
information. 

 Response (Grant):  Minnesota has a database that we could look at to get 
ideas on how to develop ours. 

 
 
 
ARM  STRUCTURING PROCESS 

1)  Problem:  Degraded native sod 
2) Objective:  Influence plant composition to increase the good stuff and decrease the 

bad stuff through management that affects the process of competition. 
3) Decision alternatives:   

a. Fire 
b. Graze 
c. Fire & Graze (within same season) 
d. Mow/Hay 
e. Rest 

4) Develop competing models to address uncertainty  
We discussed uncertainty, but we are not yet in a place to create models. 
 

 
 
WRAP-UP QUESTIONS  
 

• Question:  Which units should I contribute? 
o Response (Flanders-Wanner):  The ones for which you see potential and want to 

go after aggressively.   
• Question:  How do I participate?   
• Question:  What number and size of units do I need to contribute in order to participate? 

o Response:  Number = a minimum of 1.   
o Response:  Size = not yet determined; stay tuned. 

• Question:  When do I have to decide? 
o Response:  Before the spring 2009 season begins 

• Question:  Do I need baseline data on the units to contribute them to the project? 
o Response:  No, baseline data are not a prerequisite.  The monitoring data collected 

the first year that the unit is part of the study will form the baseline.  But, the 
monitoring data collected the first year will not provide information about the 
response of the unit to treatment (because there is no before state with which to 
compare the after state).  It won’t provide model output until the second year of 
the monitoring.                                
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U.S. Fish & Wildlife Service

Why are we here?

Develop an adaptive 
management framework for 
managing native prairie in the 
Prairie Pothole Region

Melinda Knutson, facilitator
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U.S. Fish & Wildlife Service

Why Adaptive Management?
Link Monitoring to Management Decisions

Identify the Decision
What (monitoring) 
information is needed 
to make an informed 
decision?
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U.S. Fish & Wildlife Service

Why Adaptive Management?

Research designed to 
address a land 
management problem.
Problems characterized 
by: 

Uncertainty 
High importance/value 
Repeated decisions

22

NPAM First Annual Kick-Off Meeting 
__________________________________________________

 
_________________________________________________

20 
___________________________________________________



U.S. Fish & Wildlife Service

Science-based Management:
Addressing Refuge Information 
Needs.

Research Adaptive Management Management
(Learning Only) (No Learning)(Management AND Learning)
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U.S. Fish & Wildlife Service

Adaptive  Management:

Structuring the Problem

Sampling Design

Modeling

Data Collection

Data Management

Management Actions

Statistics

Analysis

Report Writing

I can’t 
do it 
all!!
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U.S. Fish & Wildlife Service

Refuge Cooperative Research Program (RCRP)

Began in 2005
FWS & USGS -
Equal Partners

2 projects 2005
1 project 2006
3 projects 2008
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U.S. Fish & Wildlife Service

Roles and responsibilities:

FWS Contributes:

Study Objectives

Study Sites

Coordination

Data Collection

Management Actions

USGS Contributes:

Study Design

Training

Data Analysis

Report writing
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U.S. Fish & Wildlife Service

Ongoing Multi-Refuge Management Studies:

Impoundment Mgmt:
Regions 3 and 5
23 Refuges

Wetland 
Mgmt 
Model
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U.S. Fish & Wildlife Service

Rx Fire / Cattail 
Control

Regions 3 and 5
NY State

Ongoing Multi-Refuge Management Studies:
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U.S. Fish & Wildlife Service

Reed Canary Grass 
Control
Regions 3 and 6
10 Refuges

Ongoing Multi-Refuge Management Studies:
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U.S. Fish & Wildlife Service

New Multi-Refuge Management Studies:

Managing native prairie (Northern 
Prairie WRC)
Measuring salt marsh biotic integrity 
(Patuxent WRC)
Climate change (Alaska Science 
Center)
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U.S. Fish & Wildlife Service

Salt Marsh 
Ecological Integrity

Regions 1,2,and 5.
University of 
Delaware

New Multi-Refuge Management Studies:
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U.S. Fish & Wildlife Service

Lessons learned

Paradigm shift in how we do land 
management
Challenging process

Documentation!
Leadership experiences for field staff
Training

Building capacity within FWS
Modeling, adaptive management & 
facilitation skills
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U.S. Fish & Wildlife Service

Positives

Building bridges with 
USGS

Transparency & 
documentation

Partner involvement
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U.S. Fish & Wildlife Service

Modeling

2. Clarify Problem
Briefing paper
Influence diagram

3. Objectives ►Metrics
Define success
Field test

4. Decision Alternatives
5. Competing Models

Capture uncertainty
6. Create Decision-support Tools

(Modeling Tools & Monitoring Database)

What’s the process & who is involved? 

7. Make Decisions
8. Implement & Monitor
9. Update models

10. Revisit
1. Stakeholders

Uncertainty
Risk Tolerance
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U.S. Fish & Wildlife Service

NWRS Biological Monitoring Team

BMT Objectives:
Sound monitoring 
programs and data 
management.

Facilitate use of Adaptive 
Management.

Work with Partners to 
share/exchange data for  
landscape decisions.
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“Always Begin With The End in 
Mind”

Grant Wiggins
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Plant Community Composition 
of Service-owned Prairies in 

North and South Dakota

38

NPAM First Annual Kick-Off Meeting 
__________________________________________________

 
_________________________________________________

36 
___________________________________________________



Objectives

Assess composition of plant 
communities on Service-owned 
prairies in the Dakotas

Segue to adaptive management
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North Dakota
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South Dakota
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About 5% historical occurrence
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Process-oriented Management

•Type of defoliation

•Timing

•Frequency

•Duration/intensity
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Conclusions

• The problem is bad and getting worse
• Are we accountable
• Need for action
• We did not get here over night

• Can addressing a few uncertainties inform 
management??
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Variability
• Physiographic region or lat/long
• Slope/aspect
• Soils
• Tract size – distance to field edges
• Degree of invasion
• Invasive species
• Management
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An Example from JCS Complex

Site Types (combo soils & topography)

• Drift Prairie (flat-rolling loams)

• Prairie Parkland (outwash – sandy)

• Sandhills (sand dunes)
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Sand outwash 

Deep loams

Sandhills
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Management History

• JCS NWR Drift Prairie
– Rest dominated since 1970
– Recent fire (localized JC, often DL) 
– Limited grazing since 1970

• Private range land adjacent to JCS
– Annual, season-long grazing
– Almost no fire
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Management History

• JC Prairie Parkland (sandy soils)
– Periodic grazing (more than drift prairie)
– Recent fire

• Adjacent Private range land
– Annual, season-long grazing
– Almost no fire
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“Effects of Prolonged Non-use 
in the Northern Mixed Grass Prairie”

Joel Ostendorf, Shawn DeKeyser, Kelly Krabbenhoft, and Gary Clambey

North Dakota State University 60
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Sands Loamy

+40% +47%
-39% -63%
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Correlation HURON WMD

51% Positive
Correlation

74% Negative
Correlation

K. Blue & Natives Brome & Natives
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Prairie in JCS WMD
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Final Thoughts

• Paradigm shift 

• Process-oriented management

• Plant competition is important

• Synergy
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Gary Eslinger

“One of the penalties of an ecological education is 
that one lives alone in a world of wounds....An 
ecologist must either harden his shell and make 
believe that the consequences of science are none 
of his business, or he must be the doctor who sees 
the marks of death in 
a community that 
believes itself well and 
does not want to 
be told otherwise.”

Aldo Leopold
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RCRG Grasslands AM – Jamestown ND, Jul 2008

Structured Decision Making and Adaptive 
Management

Considerations for the RCRP Adaptive Prairie Management Study

Clint Moore
USGS Patuxent Wildlife Research Center

Athens, GA
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RCRG Grasslands AM – Jamestown ND, Jul 2008

Decision making
is fundamental to our health, welfare, existence

• One-time decisions
– Approval of a drug

– Site selection of a facility

• Iterating (recurrent) decisions
– Setting of prime lending rate

– Hydroelectric dam operation

– Missile guidance
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RCRG Grasslands AM – Jamestown ND, Jul 2008

Decision making

• These diverse applications all have in common:
– A limited and well-defined set of decision alternatives
– A clearly stated objective of decision making

– An unambiguous model (i.e., projection) of expected 
outcome given an action, and

– A monitoring system (for recurrent decisions)

These elements comprise

structured decision making (SDM)
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RCRG Grasslands AM – Jamestown ND, Jul 2008

Natural resource mgmt is decision making
(but is it structured decision making?)

• We're often pretty good at some of the elements …
– Monitoring

• We usually can see what's going on

– Decision alternatives
• We know what's in the toolbox

• … but sometimes fuzzy about others
– Objectives

• Do we pursue what we really want or only a means to that end?

• Are our objectives even stated anywhere?

– Models
• Instinct, intuition, gut feeling: essentially, models that exist in 

our heads

• Is our intuition reliable, consistent?  How can our intuition be 
compared to that of others?
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RCRG Grasslands AM – Jamestown ND, Jul 2008

Why embrace SDM?

• Transparent framework for decision making
– Organizes thoughts and inputs

– Maps out a process for considering elements individually, 
then integrating them

– Participatory process

– Accounts for various uncertainties in decision making

– Easily communicated to other managers, to future 
management

– Provides accountability to stakeholders, administrators, legal 
system
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RCRG Grasslands AM – Jamestown ND, Jul 2008

1. Set of Decision Alternatives

• The entire menu of potential actions
– Could be built by negotiation among managers, stakeholders

– Should exclude actions that are outright unpalatable or 
infeasible

• Keep the menu small but wide-ranging
– Especially important if outcomes are hard to predict

– With highly variable natural systems, avoid:
• Fine-grained options

• "Tweaking" the decision

• Innumerable combinations of individual actions
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RCRG Grasslands AM – Jamestown ND, Jul 2008

2. Statement of Objectives

• Each outcome of each action has value (or utility)
– Utilities are high or low depending on our subjective opinion
– Utilities can reflect:

• Societal preferences (e.g., We like native prairie …)

• Societal avoidances (e.g., … but we don't like to spend a lot to 
get it)

• Constraints (e.g., Choose no action leading to 100% loss of 
natives)

• An objective is a mathematical expression combining 
utilities from different decisions over time or space
– For example:

Maximize total amount of native prairie, over the long term, 
at least cost
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RCRG Grasslands AM – Jamestown ND, Jul 2008

2. Statement of Objectives (cont.)

• Determining objectives is rarely easy
– May have to resolve among multiple, conflicting objectives
– Distinguish means objectives from ultimate objectives

– May have to involve stakeholders who have competing views
about values to be derived from the system

• e.g., floral composition vs. vegetative structure?
– Biodiversity advocates may value the former

– Waterfowl advocates may value the latter

– Objectives are often arrived at through negotiation
• Objective setting is more human dimensions measurement than 

science
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RCRG Grasslands AM – Jamestown ND, Jul 2008

Conservation Reserve Example
2 decision alternatives, 2 possible outcomes

Build
Reserve

?

Yes

Species Extirpated 1

8

No

Species Extirpated 0

10Species Persists

Species Persists

• Here, utilities are expressed on scale 0 (worst) -10 (best)

• Utilities reflect benefits and costs of each action

• These utilities might have been negotiated among stakeholders

• Possible objective: "Choose decision that maximizes average utility"
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RCRG Grasslands AM – Jamestown ND, Jul 2008

3. Prediction Model

• Links each action to its expected (average) outcome

• Captures the science of the decision problem
– Whereas the objective expresses the societal valuation of 

the problem

• Models can be simple or complicated, depending on 
the nature of the problem
– e.g., state-dependent decision making

model takes into account the current resource state, which 
may affect the expected outcome of a given decision

• 30% invaded prairie + graze → 5% invaded prairie
• 100% invaded prairie + graze → 100% invaded prairie
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RCRG Grasslands AM – Jamestown ND, Jul 2008

Conservation Reserve Example
2 decision alternatives, 2 possible outcomes

5.9

5.0

0.7 

0.3

0.5

0.5

Build
Reserve

?

Yes

Species Extirpated 1

8

No

Species Extirpated 0

10Species Persists

Species Persists

• Here, the model is simply a statement of the chance of each outcome 
under each action

• With the model and utilities in place, we can compute the (weighted) 
average utility for each decision
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RCRG Grasslands AM – Jamestown ND, Jul 2008

4. Monitoring System

• Needed for recurrent decision making

• Roles:
– Vital roles

• Assesses current resource state and passes information 
through models

• Keeps track of progress towards objective

– Auxiliary roles
• Measures how well the model predicts the outcome

• Data may be useful in model construction

– No need to measure it all; just need to fulfill vital roles
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RCRG Grasslands AM – Jamestown ND, Jul 2008

Shift of Focus:
Towards prairie management

• State-dependent, recurrent decision making
• Observe the resource

• Make some decision dependent on that observation

• Measure the outcome

• Repeat

– This cyclic process might be replicated on many land units

time

Decision Decision Decision Decision

Resource Resource Resource Resource
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RCRG Grasslands AM – Jamestown ND, Jul 2008

Simple prairie management decision example

• Objective:
– Maximize native cover over long term at least cost

• Decision alternatives:
1) Rest ($)

2) Mow ($$)

3) Graze ($$$)
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RCRG Grasslands AM – Jamestown ND, Jul 2008

50%
Invasive
Cover

Decision model

Observed 
resource state

Possible 
outcomes

25%
Invaded

50%
Invaded

75%
Invaded

100%
Invaded

Action
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RCRG Grasslands AM – Jamestown ND, Jul 2008

Decision model

50%
Invasive
Cover

Observed 
resource state

Possible 
outcomes

0

25%
Invaded

50%
Invaded

75%
Invaded

100%
Invaded

0.4

0.4

0.2
Probabilities of occurrence

Action

81

NPAM First Annual Kick-Off Meeting 
__________________________________________________

 
_________________________________________________

79 
___________________________________________________



RCRG Grasslands AM – Jamestown ND, Jul 2008

Decision model

50%
Invasive
Cover

Observed 
resource state

Possible 
outcomes

0.1

25%
Invaded

50%
Invaded

75%
Invaded

100%
Invaded

0.6

0.3

0
Probabilities of occurrence

Action
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RCRG Grasslands AM – Jamestown ND, Jul 2008

Decision model

50%
Invasive
Cover

Observed 
resource state

Possible 
outcomes

0.2

25%
Invaded

50%
Invaded

75%
Invaded

100%
Invaded

0.7

0.1

0
Probabilities of occurrence

Action
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RCRG Grasslands AM – Jamestown ND, Jul 2008

Decision model
Grazing Option

0.5

0.1

75%

Outcome (% Invasive Cover)

1.0100%

0.40.175%

0.70.250%

0.10.80.125%

0.10.90%

100%50%25%0%

Observed Condition 
(% Invasive Cover)
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RCRG Grasslands AM – Jamestown ND, Jul 2008

These probabilities completely specify the decision model

Decision model
All Options

0% 25% 50% 75% 100%

0% 0.6 0.2 0.2

25% 0.5 0.3 0.2

50% 0.4 0.4 0.2

75% 0.3 0.7

100% 1.0

0% 25% 50% 75% 100%

0.8 0.2

0.1 0.7 0.2

0.1 0.6 0.3

0.3 0.7

1.0

0% 25% 50% 75% 100%

0.9 0.1

0.1 0.8 0.1

0.2 0.7 0.1

0.1 0.5 0.4

1.0

Observed 
Condition 

(% Invasive 
Cover)

Outcome (% Invasive Cover)
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RCRG Grasslands AM – Jamestown ND, Jul 2008

Decision policy

• State-dependent decision policy
– Catalog of best action to take for each prairie condition, 

following statement of:
• Objective

• Decision Alternatives

• Model

– An optimal policy could look like:

% Invasive Cover 0% 25% 50% 75% 100%

Action Rest Mow Mow Graze Rest
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RCRG Grasslands AM – Jamestown ND, Jul 2008

Applying the decision policy

• Applied year-by-year as follows:

% Invasive Cover 0% 25% 50% 75% 100%

Action Rest Mow Mow Graze Rest

Mow25%2012

Mow25%2011

Mow50%2010

Graze75%2009

Decision% Invasive CoverYear
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RCRG Grasslands AM – Jamestown ND, Jul 2008

Review

• SDM for iterated decisions requires 4 elements:
– Objective

– Decision Alternatives

– Model

– Monitoring System

• Given specification of these elements, we can derive 
an optimal strategy for making recurrent, state-
dependent decisions
– Decisions in simple prairie management example were tied 

to current state of invasive species cover
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RCRG Grasslands AM – Jamestown ND, Jul 2008

Is this Adaptive Management?

• In the simple prairie model, the optimal decision may 
change each year – isn't that adaptive management?
– No, that fact isn't sufficient to call this process AM

– The dynamics of our actions, and the conditions that spur 
those actions, are all expressed in one model

• The model represents our single, unchanging, best belief in 
how the system behaves

• AM is a tool for addressing uncertainty about the 
model itself
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RCRG Grasslands AM – Jamestown ND, Jul 2008

Types of Uncertainty in Decision Making

• Kinds of irreducible uncertainty we might face
– How do we select an action in light of random environmental 

effects that can occur after the decision?
• Stochasticity

– What if the action itself is not exactly what we intended?
• Partial controllability

– What is the true status of the resource?  Are we seeing all 
that we need to observe?

• Partial observability

• Generally, irreducible uncertainties can be addressed 
through SDM
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RCRG Grasslands AM – Jamestown ND, Jul 2008

Structural Uncertainty

• Uncertainty or dispute about the mechanisms of the 
resource and how it responds to management, e.g.:
– Of the management actions available, which one best 

pursues the objective?

– Are biological mechanisms the same across regions, or are 
they different?

– What are the critical resource states on which the decision 
depends?

Structural uncertainty is reducible through

adaptive management
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RCRG Grasslands AM – Jamestown ND, Jul 2008

Adaptive Management

Iterated decision making in the face of structural 
uncertainty, with a focus on its reduction

B. K. Williams
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RCRG Grasslands AM – Jamestown ND, Jul 2008

Central Ideas of Adaptive Management

• Reducing structural uncertainty leads to better 
decision making

• This reduction can be brought about by the decision 
process itself
– But only if we're willing to

• Make predictions about our actions

• Monitor the outcomes

• Still, the management objective remains the central 
focus of decision making under AM
– i.e., our decisions will not be made solely for the sake of 

learning
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RCRG Grasslands AM – Jamestown ND, Jul 2008

How do we express structural uncertainty?

• Simultaneous use of more than 1 decision model
– Each model represents a competing idea or hypothesis

• e.g., uncertainty about efficacy of a treatment:
– Model 1 – treatment has positive effect

– Model 2 – treatment has no effect

• e.g., uncertainty about regional consistency in response:
– Model 1 – consistent response everywhere

– Model 2 – response varies by region

• e.g., uncertainty about a response rate:
– Model 1 – rate is negative

– Model 2 – rate is zero

– Model 3 – rate is positive
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RCRG Grasslands AM – Jamestown ND, Jul 2008

How do we express structural uncertainty?

• Credibility weight is assigned to each model
– A probability (0 – 1) that reflects our current degree of 

confidence in the model

– Weights sum to 1.0 across all models
• Weights reflect relative confidence in each model

• If one model is given more weight, weight must be taken from 
another

• Weight = 1.0 implies no uncertainty among models

– Competing models exert pull on the decision through their 
credibility weights

• Models with greater weight will have more influence on the 
decision
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RCRG Grasslands AM – Jamestown ND, Jul 2008

How do we reduce structural uncertainty?

• Monitoring system plays a new vital role:

Assessing predictive ability of each competing 
model
1) An action's outcome is predicted by each model

2) Predictions are compared against the observed outcome

3) A model inherits or loses credibility weight according to how 
well or poorly the model predicts the outcome

• Over time, evidence from monitoring supports one 
model and rejects others, and decision making 
becomes exclusively steered by the better model
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RCRG Grasslands AM – Jamestown ND, Jul 2008

Return to simple prairie decision example

• Same objective and decision alternatives as before
– Objective:  Max native cover over long term at least cost

– Decision alternatives:  Rest ($), mow ($$), graze ($$$)

• Uncertainty about efficacy of treatments
– Model 1:  Same as before

• Grazing > Mowing > Resting

• No treatment effective when invasive cover = 100%

– Model 2:  Grazing highly effective
• Mowing and Resting about equally effective

• Grazing is somewhat effective when invasive cover = 100%
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RCRG Grasslands AM – Jamestown ND, Jul 2008

Competing models

• Model 1 – "Status quo" model

• Model 2 – "Invasive reduction" model
Rest

0% 25% 50% 75% 100%

0% 0.6 0.2 0.2

25% 0.5 0.3 0.2

50% 0.4 0.4 0.2

75% 0.3 0.7

100% 1.0

Mow

0% 25% 50% 75% 100%

0.6 0.2 0.2

0.5 0.3 0.2

0.5 0.4 0.1

0.5 0.5

1.0

Graze

0% 25% 50% 75% 100%

0.9 0.1

0.7 0.2 0.1

0.6 0.3 0.1

0.4 0.4 0.2

0.5 0.5

Rest

0% 25% 50% 75% 100%

0% 0.6 0.2 0.2

25% 0.5 0.3 0.2

50% 0.4 0.4 0.2

75% 0.3 0.7

100% 1.0

Mow

0% 25% 50% 75% 100%

0.8 0.2

0.1 0.7 0.2

0.1 0.6 0.3

0.3 0.7

1.0

Graze

0% 25% 50% 75% 100%

0.9 0.1

0.1 0.8 0.1

0.2 0.7 0.1

0.1 0.5 0.4

1.0
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RCRG Grasslands AM – Jamestown ND, Jul 2008

Optimal policies

• Policy 1 (Model 1)

• Policy 2 (Model 2)

• Policy 3 (complete uncertainty between models)

% Invasive Cover 0% 25% 50% 75% 100%

Action Rest Mow Mow Graze Rest

% Invasive Cover 0% 25% 50% 75% 100%

Action Rest Graze Graze Graze Graze

% Invasive Cover 0% 25% 50% 75% 100%

Action Rest Mow Graze Graze Graze
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RCRG Grasslands AM – Jamestown ND, Jul 2008

Applying the policies

Graze20.225%2012

Mow30.425%2011

Graze30.450%2010

Graze30.575%2009

DecisionChoose from PolicyCredibility of Model 1% Invasive CoverYear

% Invasive Cover 0% 25% 50% 75% 100%

Policy 1 Rest Mow Mow Graze Rest

Policy 2 Rest Graze Graze Graze Graze

Policy 3 Rest Mow Graze Graze Graze
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RCRG Grasslands AM – Jamestown ND, Jul 2008

Ways to faster learning and improved 
management

• Keep decision set small but wide-ranging

• Use simple, highly contrasting models

• Follow consistent treatment and measurement 
protocols

• Replication of treatments across landscape
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RCRG Grasslands AM – Jamestown ND, Jul 2008

Review

• Irreducible vs reducible uncertainties
– AM addresses reducible structural uncertainty

• Expressed through multiple models and credibility weights

• Reduced through repeated assessment of model predictions

• In AM, focus is maintained on management objective
– Learning is accrued for better management, not for sake of 

learning

• Actions are indexed to both a resource state and an 
"information state" (current weights on models)

• "Adaptation"
– Refers to updated belief in each of the models and their 

corresponding policies, not the decisions themselves
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RCRG Grasslands AM – Jamestown ND, Jul 2008

What Next?

• Workshop is structured around elements of SDM/AM

Discussions on:
– Bounding the problem

• Identify nature & scope of the problem

• Identify participants

• Identify the appropriate temporal & spatial context for decision 
making

– Objectives

– Decision Alternatives

– Uncertainty

– Monitoring
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ND Chapter of The Wildlife Society, Jan  2008

1

1

A multi-region, adaptive approach to 
invasive plant management on 
Service-owned native prairies

Terry Shaffer, U.S. Geological Survey

Bridgette Flanders-Wanner, U.S. Fish and Wildlife Service

Todd Grant, U.S. Fish and Wildlife Service

Clint Moore, U.S. Geological Survey
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ND Chapter of The Wildlife Society, Jan 2008

2

Process Oriented Management

• How?
Burning, grazing, both, or neither?

Under what conditions?

When?

How often?

How intense?

Uncertainty makes for difficult 
management decisions!!
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ND Chapter of The Wildlife Society, Jan 2008

3

Uncertainty

Structured Decision 
Making

Partial Observability
•Inability to accurately see 
or measure system

Environmental Variation
•“Randomness” of a 
biological system

Partial Controllability
•Indirect control; realized 
action differs from intended 

Structural Uncertainty
•System behavior is 
unknown or disputed

Adaptive 
Management
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ND Chapter of The Wildlife Society, Jan 2008

4

Prairie restoration case study

• Objective:
– Suppress Kentucky bluegrass

– Do this in a cost-effective way

• 2 decision alternatives:  
– Burning or Grazing

This year (0) Next year (+1) +2 +3 +4 …
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ND Chapter of The Wildlife Society, Jan 2008

5

Prairie restoration case study

• Uncertainty about treatment (Structural 
Uncertainty)
– Which treatment is better?  By how much? 

– The real difference in any one year is variable 

• What decision should be made?
– If cost not an issue, might prefer to burn every time

• Additional ecological benefits

– But cost is an issue
• Burning considerably more expensive than grazing
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ND Chapter of The Wildlife Society, Jan 2008

6

Managing under uncertainty:
Customary approaches

• Sidestep uncertainty

– Assert that uncertainty doesn’t exist or is 
inconsequential

– Acknowledge uncertainty and choose the decision 
that is likely to be least harmful (Risk-aversive 
decision making)

• Risk of …

– Really bad decisions

– Controversy about decision process (inquiries, 
litigation)
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ND Chapter of The Wildlife Society, Jan 2008

7

Managing under uncertainty:
Customary approaches

• Trial and error:  try something and see how it works

– Outcome is …

• Favorable – repeat the decision next time

• Unfavorable – try something else

– Learning is informal and accidental

• Chance events can obscure outcome

• No contingency for ever challenging a “best” 
(traditional) decision
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This year: 
Try both

Outcome: 
burning better 
than grazing

Outcome: 
burning not
better than 
grazing

Next year Next year

Burning established as "best" option

Grazing established as "best" option

8
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ND Chapter of The Wildlife Society, Jan 2008

9

Managing under uncertainty:
Customary approaches

• Experimentation
– Remove variability that obscures the real effect of 

the management action

• Elements of an Experiment
– Treatments and Controls

– Replication 

– Random assignment of Treatments
• Some management units may become “sacrificial lambs”
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Adaptive Management Consultancy – Feb 2006 (conference call)

11

Year 1 Year 2 Year 3

Danger of “management paralysis”
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ND Chapter of The Wildlife Society, Jan 2008

12

Managing under uncertainty:
Customary approaches

Experimentation:

Focus is on resolving uncertainty, not improving 
management

Identifies most effective treatment, not necessarily 
the best management action
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ND Chapter of The Wildlife Society, Jan 2008

13

Adaptive management

Transparent decision-making process that is 
structured and defensible

Incorporates management constraints, such 
as cost

Management feedback (i.e. monitoring) 
incrementally reduces uncertainty, improving 
future decisions
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ND Chapter of The Wildlife Society, Jan 2008

14

Adaptive management

Requires…
1. Objective statement (quantifiable)

2. Set of decision alternatives

3. Competing, predictive models of decision 
outcome
• Models reflect uncertainty

• Models can be simple or complex

• Stakeholders can disagree on how system operates; 
differences are evaluated on a level, transparent playing 
field

4. Program to monitor response
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ND Chapter of The Wildlife Society, Jan 2008

15

How do we gain knowledge and adapt?
The monitoring program

This year Next year

8 8 6 10
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ND Chapter of The Wildlife Society, Jan 2008

16

What happens next?

• Cycle of decision making, prediction, 
monitoring, and updating is continued

• Management "adapts" as information is 
collected and knowledge is acquired
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ND Chapter of The Wildlife Society, Jan  2008

17

17

EXAMPLE:
Adaptive Updating
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ND Chapter of The Wildlife Society, Jan 2008

19

Prairie Restoration Example

• Objective: 
Increase natives while decreasing exotics

• 2 decision alternatives (treatments):
1. Grazing – less expensive

2. Burning – more expensive

• 2 outcomes:
1. Positive

2. Neutral/negative
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ND Chapter of The Wildlife Society, Jan 2008

20

Prairie Restoration Example

• Treatment Utilities
Provide a means of balancing treatment 
effectiveness and cost 

“Cheap”, highly effective treatments have greatest 
utility (Utility=1)

“Expensive”, ineffective treatments have lowest 
utility (Utility=0)
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ND Chapter of The Wildlife Society, Jan 2008

22

Prairie Restoration Example

2 competing hypotheses:
1. Optimal decision depends on dominant invader

• Burn Poa and graze brome

2. Dominant invader doesn’t matter

• Burning and grazing are both effective on 
Poa and on brome

• Dominant invader is a “state” variable
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ND Chapter of The Wildlife Society, Jan 2008

23

Prairie Restoration Example

• Model 1:  State-specific decision-making
Burn Poa, graze brome

Pr (Burning is successful | Poa) = 0.8

Pr (Burning successful | brome) = 0.2

Pr (Grazing successful | Poa) = 0.2

Pr (Grazing successful | brome) = 0.8
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ND Chapter of The Wildlife Society, Jan 2008

24

Prairie Restoration Example

• Model 2:  State doesn’t matter
Burning and grazing are both effective on Poa and 
on brome

Pr (Burning is successful | Poa) = 0.75

Pr (Burning successful | brome) = 0.75

Pr (Grazing successful | Poa) = 0.75

Pr (Grazing successful | brome) = 0.75
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ND Chapter of The Wildlife Society, Jan 2008

25

Prairie Restoration Example

• Model weights
Initial weights reflect the relative confidence in the 
various models at the start of the study 

Weights are updated after each decision-making, 
prediction, and monitoring cycle (adaptive 
updating)

Choice of initial weights is not critical to the 
process
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ND Chapter of The Wildlife Society, Jan 2008
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ND Chapter of The Wildlife Society, Jan 2008

33

“A multi-region, adaptive approach to invasive plant 
management on Service-owned native prairies”

• What is it?
A science & management partnership with the goal 
of developing an AM System that, if implemented, 
would facilitate prairie restoration through an 
accelerated, cooperative learning process

A product of USFWS Dakota Grassland and 
Minnesota Grassland Monitoring Teams

Funded through Refuge Cooperative Research 
Program
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ND Chapter of The Wildlife Society, Jan 2008

34

Spatially replicated across Minnesota, 
North Dakota, and South Dakota

• Goal: Pilot Implementation in 2009 with additional 
stations coming on in subsequent years

time

Huron, SD 

Long Lake, ND

Morris, MN

Arrowwood, ND

Fergus Falls, MN

Waubay, SD

Des Lacs, ND
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ND Chapter of The Wildlife Society, Jan 2008

35

Who does what?
M=managers, B=biologists, AM = AM experts

Uppercase = Primary responsibility, Lowercase = support role

• Define management objective (Managers, biologists)
• Identify management alternatives (M, b)
• Assign value system for management alternatives (M, b)
• Identify key uncertainties in system response (m, B)
• Advance hypotheses about system response (M, B)
• Express hypotheses as testable models (AM experts, b)
• Assign initial model weights (M, B)
• Develop monitoring metrics and monitoring program (B, am)
• Develop AM decision support system (AM)
• Choose management alternative and apply management (M)
• Monitor results (B)
• Update model weights (B, am)
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MN Grassland Monitoring 
Program
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Diverse Multi-Agency Program

• USFWS
• MNDNR (4 Agency Programs)
• TNC
• USGS
• Concordia College
• USFS
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MN Grassland Monitoring Outreach

• The Grassland Monitoring group originally came together 
around the issue of using grazing to enhance habitat 
conditions in grassland ecosystems.  

• Was there interest in monitoring? How and what to 
monitor? Would agency partners be interested if we 
showed them how?

(Build it and they will come approach!)

• If an experimental framework was established, it might 
make sense to focus on a comparison of grazing 
treatments and/or grazing/fire combinations with a 
control. 
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Monitoring Objective:

To determine broad, community changes over time in 
response to grazing and other land management 
techniques.  

This project is a collaborative effort in which multiple 
agencies and organizations have overlapping goals.  

Partners in this work have identified a common sampling 
approach to facilitate comparisons of data across 
ownerships throughout the tallgrass prairie region.  

Our collaborative effort is focused on native prairie, but 
methods could also be applied in restored areas if 
desired.
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Habitat Objectives:

• Maintain or increase the percentage cover of 
native prairie vegetation relative to 
invasive/exotic vegetation.

• Minimize the percentage cover of invasive/exotic 
vegetation.

• Maintain the structural diversity of native 
grassland ecosystems.
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Program Development
• Develop monitoring technique. Modified Belt Transect Method.

• 2007 Pilot Year! Evaluate prairie condition (native vs exotic)

• Morris Grassland Adaptive Mgmt Consultation.

• Work with Dakota group and revamp monitoring protocol to work 
with RCRP.

• Develop Grassland Monitoring Database (BMT)

• Partner Training with new monitoring technique.
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Adaptive Management

• Structured Decision Making Process.

• Adaptive Mgmt Models with defined 
Treatment types (grazing, fire, 
haying/mowing).

• Waiting for monitoring data to update 
models. 

146

NPAM First Annual Kick-Off Meeting 
__________________________________________________

 
_________________________________________________

144 
___________________________________________________



Build it and they will come!
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Bounding the Problem

Feedback:
1. Native Prairie Invasion
2. Proposed Adaptive Management Approach
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Bounding the Problem

Parameters of AM Framework:
1. What is the focus of the project?
2. What stations, states, or regions might 

participate?
3. What level of management flexibility do 

managers have?
4. Do stations have the potential to monitor 

each year?
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Decision Alternatives 
(i.e., Management Treatments

Treatments:
1. Graze
2. Fire
3. Graze-Fire Combo
4. Patch-Burn Graze
5. Mechanical (Haying)
6. Rest

Eliminated:
1. Chemical Herbicide
2. Biological Control
3. Extensive Rest!
4. Interseeding
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RCRG Grasslands AM – Jamestown ND, Jul 2008

Considerations for Decision Objectives

• Need to address:
– What are we trying to gain through management?

• Native prairie?

• Animal community response?

• Positive public image?

– What do we want to avoid?
• Costs?

• Spread of invasives?

• Angering constituents?

– How do we balance among these?

– Which of these respond to our actions?

– Which can be predicted and measured?
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RCRG Grasslands AM – Jamestown ND, Jul 2008

Decision Objectives

• Express preferences of stakeholders
– Who are the stakeholders?

• Three criteria
– Have an interest in the outcome of management

– Could exert great (political) influence in whether and how 
management is carried out

– Willing to play by the rules of SDM

• Possible stakeholders in prairie management:
– Station managers

– FWS regions, Refuge system

– Conservation community

– Users

– All of the above?

– Each group may have different preferences
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RCRG Grasslands AM – Jamestown ND, Jul 2008

Fundamental (ultimate) vs means objectives

• Are we identifying the end we really want, or just the 
means to (hopefully) get there?
– Classic example:  Do we manage for species, or habitat?

• “Build it, and they will come”:  a means approach

• The “Why?” process
– For any objective identified, ask “Why is that important?”

– Question leads to either:
1. A more fundamental objective (to which we again ask “Why?”)

2. The response:  “Just because”
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RCRG Grasslands AM – Jamestown ND, Jul 2008

What can we accomplish today?

• Identification of stakeholders

• Identify the aims of management
– What should we be trying to achieve?

– What should we be trying to minimize?

– Are we as close as we can get to fundamental rather than 
means goals?

– Which aims are likely to be viewed differently by 
stakeholders?
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RCRG Grasslands AM – Jamestown ND, Jul 2008

Decision Alternatives

• The entire menu of potential actions
• Basic criteria of decision alternatives

– Their effects should be predictable
• i.e., under a model, or competing models of the system

– They should produce distinct responses in the resource
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RCRG Grasslands AM – Jamestown ND, Jul 2008

Responses to 2 decision alternatives

0 5 10 15 20 0 5 10 15 20

Trt A

Trt B Trt X

Trt A
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RCRG Grasslands AM – Jamestown ND, Jul 2008

Common types of decisions in habitat 
management

• Important to identify the basic time and spatial unit of 
recurring treatment

• Single treatment each year at each site

• Suite of treatment actions defined over time or space
– e.g., combinations formed over 3 years:

• Graze-Rest-Graze vs. Graze-Graze-Graze

– e.g., rotational management
• Year 1: Group A units, use treatment X 

• Year 2: Group B units, use treatment Y

• etc.
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RCRG Grasslands AM – Jamestown ND, Jul 2008

Size of decision set

• Menu of alternatives should be kept small but wide-
ranging
– Especially important if outcomes are hard to predict
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RCRG Grasslands AM – Jamestown ND, Jul 2008

Role of stakeholders

• Set of potential actions may be built by negotiation 
among stakeholders

• Decision set should exclude actions that are 
unpalatable or infeasible
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RCRG Grasslands AM – Jamestown ND, Jul 2008

What can we accomplish today?

• Types of management treatments
– Treatment

– Intensity

– Season of application

– Regional differences in application

• Sequences of treatments as single actions

• Strategies to keep menu of alternatives small but 
wide-ranging
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[Email from Bridgette Flanders‐Wanner to NPAM Cooperators.  Sent December 7, 2009] 
 
RCRP Participants: 
 
The science team was pleased by the excellent turnout at our October RCRP coordination meeting. It 
was a productive meeting and set us in the right direction for the coming years. The attached document 
has some brief notes from the meeting. 
(See attached file: Notes for Collaborators.doc) 
 
There are a few upcoming deadlines 

 On November 16, Bridgette sent an email with the master shapefile for management units and 
transects. All stations have responded to this information request and the data has been 
submitted to Kevin McAbee for completing the Microsoft Access database.  

 If you want to submit a new management unit for the upcoming field season, please send a 
completed questionnaire and shapefile to Bridgette and Justin Dupey by February 15th. A formal 
call for new proposals will go out after the new year. 

 
The beta version of the database is scheduled to be released to the science team in mid‐December. 
After we give it a test run, our hope is to release it to the full group in mid‐January. 
 
The science team is working on developing definitions for the different treatment options. As a 
reminder, here is the final list we agreed on: 

 Burn 

 Graze 

 Hay 

 Burn/Graze Combo 

 Rest 
 
Finally, in addition to the notes we also want to highlight a few important points from the meeting: 
 
Decision Support Sideboards 
The purpose of this project is to develop an adaptive management framework that provides decision 
support; that is, this project is wholly designed to help managers make decisions regarding the best 
management action for a given unit. In order to make the optimal decision, two things must be known 
and used together: 1) the current system state and 2) the current knowledge about the system 
behavior.  
 
Regarding the first requirement, management decisions must be based on the condition of the prairie, 
as reflected in the current set of monitoring data. The group agreed that final management decisions 
will not be made for a management unit until monitoring data are complete and the current 
composition is known (i.e., proportion native prairie, Kentucky bluegrass, and smooth brome).  
 
Regarding the second requirement, using our most up‐to‐date knowledge about the system behavior 
(i.e., our updated models that have been informed by the current data from all management units 
participating in the project) will help managers make the best decisions. The optimal decision policy is 
generated using the information from the updated models. To make the optimal decision, one would 
ideally use the current system state in conjunction with the updated decision policy. 
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Timeline 
In an attempt to meet both requirements, during the meeting the group decided on two deadlines. 
Monitoring data must be collected and entered by August 25 of each year. With the completed 
monitoring data from all participating units, the models will then be updated and the new decision 
policy will be generated by August 31 of each year. This decision policy should be used to make 
management decisions from that point forward (until it is replaced by next year’s decision policy). In 
other words, the annual cycle for this project starts with monitoring. The unit’s current condition is used 
to make management decisions that will be carried out from that point until the following monitoring 
season. These deadlines are intended to allow individual refuges to benefit from the combined 
contributions of the whole. 
 
Choose your Management Units Wisely 
While using current monitoring data in conjunction with the updated decision policy allows for the most 
optimal decisions to be made, it was conceded that if a management decision must be made before the 
newest decision policy is available, the existing decision policy (i.e., the one generated in the previous 
year) can be used in its place. Making a decision based on the old system state (i.e., the previous year’s 
measurements), however, is not acceptable. To participate in the project, refuges must agree to make 
their management decisions based on the current monitoring data for their units, and to complete their 
monitoring data by the August 25 deadline. Thus, refuges are advised to carefully select management 
units to be included in the project for which they can in good faith meet the above criteria.  
 
As always, if you have ANY questions or concerns please contact Bridgette or Sara Vacek. 
 
Bridgette Flanders‐Wanner 
Wildlife Biologist 
Huron Wetland Management District 
200 4th St. SW, Room 309 
Huron, SD 57350 
Phone: 605‐352‐5894 Ext.14 
FAX: 605‐352‐6709 
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Adaptive Management for Managing Native Prairie in the Prairie Pothole Region 
Second Annual Cooperator Meeting 
21-22 October 2009 
Jamestown, ND 
 
The second annual cooperator meeting of the Native Prairie RCRP project was held in 
Jamestown, ND on October 21 and 22, 2009.  This meeting was preceded by the project kick-off 
meeting held July 2008, where we first came together as a group to discuss development of an 
adaptive management framework that will help guide and inform Fish and Wildlife Service 
(Service) efforts to address invasive plant issues on native prairies.  The meeting was attended by 
30 individuals, including 24 Service personnel, four USGS personnel, and two NDSU affiliates 
(see attached attendee list).  The Service individuals included refuge and district managers and 
wildlife biologists from throughout the Prairie Pothole Region who were involved in the 2009 
pilot season; seventeen of twenty NWRs and WMDs were represented at the meeting. 
 
Primary objectives of the meeting were to (1) review the pilot year, (2) unveil the databases for 
both management treatment data and belt transect data, and (3) demonstrate a draft of the adaptive 
management models. 
 
What follows is a summary of the most important decision made during the meeting. 
 

The purpose of this project is to develop an adaptive management framework that provides 
decision support; that is, this project is wholly designed to provide support for managers to 
make decisions regarding the best management action to take on a given unit.  In order to 
make the optimal decision, two things must be known and used together: 1) the current 
system state and 2) the current knowledge about the system behavior.  
 
Regarding the first requirement, it is imperative that management decisions be based on the 
current known state of the system, that is, the condition of the prairie as reflected in the 
current set of monitoring data. Thus, it was agreed that final management decisions will not 
be made for a given management unit until monitoring data are complete and the current 
composition of the management unit known (i.e., proportion native prairie, Kentucky 
bluegrass, and smooth brome).  This pertains to decisions about management actions that will 
occur during that fall, winter, spring, and summer; that is, it pertains to any management that 
will take place between the completion of the current monitoring season the beginning of the 
next monitoring season.   
 
Regarding the second requirement, it is understood that using our most up-to-date knowledge 
about the system behavior (i.e., our updated models that have been informed by the current 
data from all management units participating in the project) will support managers in making 
the most optimal decisions.   
 
The optimal decision policy is generated using the information from the updated models.  To 
make the most optimal decision, one would ideally use the current system state (i.e., current 
year’s monitoring results) in conjunction with the updated decision policy. 
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In an attempt to meet both requirements, during the meeting the group decided on two 
deadlines.  A deadline for completing the collection and entry of monitoring data was set at 
August 25 of each year.  With the completed monitoring data from all participating units, the 
models will then be updated and the new decision policy will be generated by August 31 of 
each year.  This decision policy should be used to make management decisions from that 
point forward (until it is replaced by next year’s decision policy).  These deadlines are 
intended to allow individual refuges to benefit from the combined contributions of the whole. 
 
While using current measurement of system state in conjunction with the updated decision 
policy allows for the most optimal decisions to be made, it was conceded that if a 
management decision must be made prior to the availability of the newest decision policy, the 
existing decision policy (i.e., the one generated in the previous year) can be used in its place.  
Making a decision based on the old system state (i.e., the previous year’s measurements), 
however, is programmatically not acceptable.   To participate in the project, refuges must 
agree to make their management decisions based on the current monitoring data for their 
units, and to complete their monitoring data by the August 25 deadline.  Thus, refuges are 
advised to carefully select management units to be included in the project for which they can 
in good faith meet the above criteria. 

 
 
Attached you will find the meeting agenda, the list of attendees, and a short summary of the 2-
day meeting that highlights major topics discussed and decisions made.   
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AGENDA 
 
Objectives: 

1. Review the pilot year 
2. Unveil the databases for both management treatment data and belt transect data 
3. Demonstrate a draft of the adaptive management models  

 
UUDay 1 
8:00 AM – 10:00 AM 

 Welcome and Introductions (Terry Shaffer) 
 Purpose and Design of the FWS-USGS RCRP (Terry Shaffer) 
 Review of Structured Decision Making and Adaptive Management (Clint Moore) 
 Review of Our Project (Jill Gannon) 

 
10:00 AM – 10:15 AM  

Break 
 
10:15 AM – 12:00 PM 

Pilot Season (Bridgette Flanders-Wanner / Sara Vacek) 
 
12:00 PM – 1:00 PM  

Lunch 
 
1:00 PM – 2:15 PM 

Database (Kevin McAbee) 
 

2:15 PM – 2:30 PM 
Break 

 
2:30 PM – 4:30PM 

Model (Clint Moore) 
 
4:30 PM – 5:00 PM 

Loose Ends / Q&A 
 
 
UUDay2 
8:00 AM – 9:30 AM 

Further Discussion of Previous Day’s Topics / Q&A 
Pilot Season / Database / Model 

 
9:30 AM – 9:45 AM 

Break 
 
9:45 AM – 12:00 PM 

Wrap Up and Next Steps 
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Attendee List 
 
Name Location Phone # Email

Amy C. Ganguli NDSU, ND 701-231-5828 amy.ganguli@ndsu.edu

Bridgette Flanders-Wanner Huron WMD, SD 605-352-5894 Bridgette_Flanders-Wanner@fws.gov

Cheryl Jacobs Long Lake NWR Complex, ND 701-387-4397 Cheryl_Jacobs@fws.gov

Clarke Dirks Huron WMD, SD 605-352-5894 Clarke_Dirks@fws.gov

Clinton Moore USGS Patuxent 706-542-1609 cmoore@warnell.uga.edu

Connie Mueller Lostwood NWR Complex, ND 701-848-2466 connie_mueller@fws.gov

Ed Dekeyser NDSU, ND 701-231-7868 edward.dekeyser@ndsu.edu

Ed Rodriguez Lake Andes NWR, SD 605-487-7603 Edward_Rodriguez@fws.gov

Jay Peterson Sand Lake WMD, SD 605-885-6320 Jay_Peterson@fws.gov

Jeffrey S. Gleason Kulm WMD, ND 701-647-2866 jeff_gleason@fws.gov

Jennifer Zorn Arrowwood NWR, ND 701-285-3341 Jennifer_Zorn@fws.gov

Jill Gannon USGS, Athens, GA 706-542-5181 gannonj@warnell.uga.edu

Jon Beyer Seedskadee NWR, WY 307-875-2187 Jonathan_Beyer@fws.gov

Justin Dupey Huron WMD, SD 605-352-5894

Kevin McAbee FWS, Utah Ecological Services 801-975-3330 Kevin_McAbee@fws.gov

Kim Bousquet Big Stone NWR, MN 320-273-2191 Kim_Bousquet@fws.gov

Kristine Askerooth Tewaukon NWR, ND 701-724-3491 Kristine_Askerooth@fws.gov

Larry Martin Waubay NWR, SD 605-947-4520 Larry_Martin@fws.gov

Laura Hubers Waubay NWR, SD 605-947-4521 Laura_Hubers@fws.gov

Mike Rabenberg Long Lake NWR Complex, ND 701-387-4397 michael_rabenberg@fws.gov

Paulette Scherr Arrowwood NWR, ND 701-285-3341 paulette_scherr@fws.gov

Pauline Drobney Neal Smith NWR, IA 515-994-3400 Pauline_Drobney@fws.gov

Rebecca Esser Detroit Lakes WMD 218-844-3406 Rebecca_Esser@fws.gov

Sara Vacek Morris WMD, MN 320-589-4973 Sara_Vacek@fws.gov

Stacy Adolf-Whipp Arrowwood NWR, ND 701-285-3341 Stacy_Whipp@fws.gov

Terry Shaffer NPWRC 701-253-5522 Terry_Shaffer@usgs.gov

Todd Boonstra Huron WMD, SD 605-350-4514 Todd_Boonstra@fws.gov

Todd Grant J Clark NWR, ND 701-768-2548 Todd_Grant@fws.gov

Tom Buhl NPWRC 701-253-5530 Tbuhl@usgs.gov

Vanessa Fields Benton Lake NWR, MT 406-727-7400 Vanessa_Fields@fws.gov  

168

NPAM Second Annual Cooperator Meeting 
_______________________________________________

 
___________________________________________________

6 
___________________________________________________



RCRP Native Prairie – Second Annual Cooperator Meeting 
Jamestown, ND, 21-22 October 2009 
Summary 
 
Pilot Season Discussion 
Questionnaire  

 Clarification was needed of what constitutes a “management unit” 
 
Transects 

 Suggestion to generate alternate transects and provide them upfront  
 

Plant / Monitoring Training 
 Desire to continue the training each year 

 
Work Load 

 Reasonable; no complaints 
 
Website 

 Interest in some kind of website or central information clearinghouse 
 
Cost of Treatments 

 Ranked the treatments according to relative cost on a scale from 0 - 10: 
o Rest  1 
o Hay  3 
o Graze  5 
o Burn  8 
o Burn/Graze 10 

 
Database Discussion 
Suggestions/Comments 

 Add a “find” button on the data entry interface to help navigate to a specific record 
 Ideas for reports generated:  transect data, management unit summary 
 Add definitions for each field in the help documentation 

 
Time frame – when will the database be available? 

 Need to make adjustments and send beta version to small group. December? 
 
 Question:  Who is going to maintain the central database? 
 
 
Model Discussion 
When will the decision policy be available?  Need time to prepare to carry out mgmt decisions. 

 We will provide a decision policy by spring 
 Managers should do what they already planned and not wait for a decision policy this 

season 
 We will have the timing down next cycle 
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The two main questions are 1) threshold and 2) frequency of mgmt. 

 These questions are not explicitly built into the model, but can be examined through post-
hoc analysis and through simulation.   

 
 Question:  Who is going to do the updating and generating of the new optimal policy tables 

each year after everyone has entered their monitoring data? 
 
 
Long-term Project Support 

 There is a lack of infrastructure to support RCRP projects after the initial setup phase; 
this problems is shared by all RCRP projects 

 Suggestion to find funding for a permanent biologist position dedicated ½ time to the 
RCRP Native Prairie project 

 Suggested a 4-person team (two from R6 and two from R3) to flesh out ideas of the 
position and then run it by Science Team. 

 Lots of ideas for possible funding sources/buzz words that are fits with the project – fire 
money, climate change, invasives, LCC, SHC, I&M team, etc.   

 Discussed the need to start a new office that is dedicated to all RCRP adaptive mgmt 
projects 

 
Time Line 
Proposed August 25 as the deadline for completing monitoring and inputting/checking data. 

 Show of hands for:  
o Yea:   Majority raised 
o Nay:  None raised 

 
Proposed annual time-line 
 

Task Date 
Monitor year t July – early August 
Data entry / error check Mid-August 
Deliver monitoring data August 25 
Update model weights  
Generate decision matrix August 31 
Managers make mgmt decision  
Site prep / permits / plans  
Apply treatments Early September – August 
Last enrollment of new sites February 1 
Belt-transect training Early June 
Monitor year t + 1 July – early August 
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Ability to pull off a fall treatment after receiving the new decision policy 

 There is varied ability to mobilize to complete a treatment immediately after getting the 
decision policy   

 Decision was made to set the date (August 25), and if it doesn’t work, then change next 
year. 

 Three refuges were not represented at the meeting (Litchfield, Madison, Devils Lake).  
We need to gain their approval. 

 
 
 Consensus Final Decision 

 
It was agreed that participation in the project requires that the following criteria be met:  

1) Monitoring data will be collected and entered into the database by August 25 of each 
year. 

2) Management decisions will be based on the known current state of the management 
unit (i.e., current composition of native prairie, Kentucky bluegrass, and smooth 
brome).  This means that final management decisions will not be made until 
monitoring data for the unit have been collected and entered into the database.  This 
applies to all treatments, including those made in the fall (whether it be a fall burn, 
fall graze, or fall hay). 

 
The new decision policy table will be generated and available August 31 of each year. 

 Ideally, management decisions will be made using the current state along with the 
updated decision policy.  However, if monitoring is complete, and the current state of 
a unit is known, but a management decision must be made before the updated 
decision policy is available (August 31), then the previous year’s decision policy can 
be used. 

 
It is recognized that things beyond our control happen, and in not every instance can the 
above protocol be met.   

 An unavoidable failure to meet the protocol will not result in a refuge’s exclusion 
from the project.   

 However, it is imperative that refuges carefully select managements units that can 
meet the criteria as a general rule.    

 
 
 
Future Involvement 

 Anyone planning to pull units?  No 
 Anyone planning to add units?  Yes 
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Welcome
Logistics

• Breaks
• Lunch
• Money
• Others?

Tom Buhl—a man with many hats
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Meetings, meetings, meetings

 This meeting builds on two previous 
meetings:
 “Brome Summit”, July 2006
 Project “Kickoff Meeting”, July 2008

 Goal of this meeting:
 Provide update on progress since July 2008
 Plan for 2010 field season and beyond
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Meeting objectives

1. Review 2009 pilot season
2. Unveil databases
 Management treatments
 Belt‐transect monitoring data

3. Demonstrate how the system is intended to 
work
 Draft models applied to real data
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Meeting participants

 Refuge staff (biologists and managers)
 Principal Investigators (Shaffer, Moore, & 
Gannon)

 “Science Team” (Bousquet, Drobney, Fields, 
Flanders‐Wanner, Grant, Vacek, McAbee, & 
PI’s)

 Other researchers
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Participants’ role in the meeting

 “Give and Take”
Science Team has ideas to share and they need 
feedback from the field

Refuge staff, as participants in the Pilot, have 
experiences to share with the Science Team
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Upwards and onwards…

 Project development phase is slated for completion 1 
year from now.

 Much ground has been plowed (but not necessarily 
cleared).

 Difficult decisions must be made and outcomes of 
those decisions embraced.

 2010 field season is for real.
 Discussions in the next 1.5 days must stay focused.
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Agenda
Today
8:00 AM – 10:00 AM (PI’s)
 Welcome and introductions
 Purpose of the RCRP program
 Structured Decision Making and Adaptive Management
 Project review

10:15 AM – 12:00 PM (Bridgette/Sara)
 Pilot season review

1:00 PM – 2:15 PM (Kevin)
 Database

2:30 PM – 4:30 PM (Clint/Jill)
 Draft decision models

4:30 PM – 5:00 PM
 Q&A
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Agenda
Tomorrow
8:00 AM – 9:30 AM
 Further discussions of previous day’s topics

9:45 AM – 12:00 PM (Terry)
 Planning for 2010 and beyond

12:00 PM 
 Adjourn
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Refuge Cooperative Research 
Program

 What is the RCRP?
 Management/Research partnership between 
USFWS and USGS

 RCRP Goal
 facilitate science‐based management on National 
Wildlife refuges

 RCRP Focus
 “Adaptive management”
 multi‐refuge, multi‐region problems
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Adaptive Management

Research Adaptive Management Management
(Learning Only) (No Learning)(Management AND Learning)
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Examples of RCRP‐funded projects

 Impoundment management (R3 & R5)
 Controlling cattail with fire (R3 & R5)
 Reed canary grass control (R3 & R6)
 Salt marsh integrity (R1, R2, & R5)
 Native prairie management (R3 & R6)
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Roles & Responsibilities

USFWS (indefinite timeframe)
 Study objectives
 Study sites
 Field coordination
 Belt‐transect monitoring
Management actions
 Data management
 Data analysis (for model 

updating)

USGS (First 3 years)
 Study design
 Decision models
Monitoring plan
 Training
 Report writing
 DBMS development
 Data analysis (for model 

development)
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RCRP Native Prairie, Jamestown, October 2009

Quick Review:
Structured Decision Making 
and Adaptive Management
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What is Structured Decision 
Making?
 A formal and explicit approach to decision making
 Problem decomposition

 Problem is broken into pieces which can be individually tackled

 Pieces are reassembled into a decision framework

 Values driven
 Desired management outcomes are what drives decision making

 Prediction supported
 Predictions about outcomes inform us about relative merit of each 

possible action
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Decision:  Do I carry raingear 
today?
 Prediction:
 Probability of rain = 60%

 Values:
 “I hate toting raingear”

 Inconvenience of carrying raingear outweighs risk of getting caught 
in rain
 Leave raingear at home

 “I hate getting wet”
 Value of staying dry outweighs risk of carrying raingear in dry 

weather
 Carry raingear
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Structured Decision Making

“A formal application of common sense for situations too 
complex for the informal use of common sense.”

R. Keeney
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Ingredients of SDM

 Set of decision alternatives
 e.g., fire / grazing / haying / combination / rest

 e.g., stocking rate: 100, 200, …, 1000 fingerlings

 Prediction of outcome of each decision (i.e., a model)
 e.g., “Reducing water level by 3” increases shorebird use X%”

 Objective statement
 Value obtained from each combination of decision 

alternative with each possible outcome

 Values should reflect benefits weighed against costs
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Values – what consequences of decision 
making make us happy?

Outcome

Action Species Conserved Species Extinct

Release Animals  

Do Nothing  
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Values – what consequences of decision 
making make us happy?

Outcome

Action Species Conserved Species Extinct

Release Animals 95 5

Do Nothing 100 0
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Benefits of SDM

 Problem deconstruction
 Helps focus attention on key or most difficult components

 Explicit presentation & documentation of decision structure 
 transparency, defensibility

 Integration of roles:  managers, policy makers, scientists

 Improvement, not perfection, in decision making
 Uncertainties, complexities, and other limitations will always 

be daunting but do not have to be defeating
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Uncertainty impedes decision 
making
 Partial observability
 Inability to see where we are

 Partial controllability
 Inability to carry out action as intended

 Environmental stochasticity
 Mean outcome is predictable, but not specific outcome

 Structural uncertainty
 Uncertainty/dispute about the mean outcome
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Structural uncertainty

 Suggests that different competing models can be 
proposed as plausible ways to predict response
 e.g., M1: spotted owl survival is not sensitive to amount of 

old-age forest

M2: spotted owl productivity survival positively related to 
amount of old-age forest

 Competing models imply different best paths to a 
common objective
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Structural uncertainty

 How do we make a decision in the presence of 
structural uncertainty?

 Is it possible to reduce structural uncertainty through 
time, and thus improve decision making?

Both are addressed through adaptive management
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Adaptive Management is a specific form 
of SDM…
 … so AM requires all the previous stuff:
 Decision alternatives

 Prediction of outcome

 Statement of objective
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But AM requires additional 
elements
1.  Decisions linked through time (sequential decisions)
 Habitat treatments each year

 Rates of bird harvest each year

 Number of fish to stock each year
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But AM requires additional 
elements
2.  Competing predictions of outcome (i.e., multiple 

candidate models)
 Alternative models represent different hypotheses/beliefs 

about system behavior

 Model weight assigned to each model reflects current belief in 
the model and influence of the model on future decisions

 Over time, weights may shift among models in response to 
reliability of model predictions
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But AM requires additional 
elements
3.  Monitoring program to evaluate competing 

predictions
 Model weights are adjusted (updated) by confronting model 

predictions to observed data

 In other words, we learn about the system by making 
decisions, measuring outcomes, and comparing them to 
predicted outcomes
 Learning occurs through time

 Learning occurs over spatial replicates
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Adaptive Management cycle

1. Determine allocation of current model weights

2. Monitor current habitat conditions

3. Choose best action for current conditions and current 
model weights

4. Predict outcome of management under each model

5. Adjust model weights by comparing predictions to 
observed outcome

6. Return to #1
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Benefits of AM

 All benefits that accrue to SDM

 All opinions/beliefs about system behavior are 
considered on even playing field
 Observed data arbitrates among competing ideas

 Management performance is continually improved as 
learning is gained
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RCRP

 RCRP recognizes that some types of recurrent decisions 
are made in similar settings among many refuges

 All are characterized by various kinds of structural 
uncertainty (and many other complexities)

 But if characteristics that are in common can be 
identified and recognized in a decision framework, 
replication of units provides a powerful means of 
learning about management despite diversity of units
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Review of the RCRP Native 
Prairie Project

Goal, Accomplishments to Date, 

and Future

RCRP Native Prairie, Jamestown, October 2009
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RCRP Native Prairie, Jamestown, October 2009

What is the RCRP 
Native Prairie Project?

 A collaboration between USGS and FWS to 
develop an adaptive management framework 
that will help guide and inform FWS efforts to 
address invasive plant issues on native prairies

 Collaboration across multiple refuges and regions

 The framework will assess the effectiveness of 
various control methods and systematically 
reduce management uncertainty over time
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RCRP Native Prairie, Jamestown, October 2009

Time line
 3‐year setup phase:  2008 – 2010

USGS/FWS collaboration
2008:  Kick‐off meeting in Jamestown with potential    

FWS collaborators
2009:  Pilot season

Second annual collaborator meeting
2010:  Full implementation in 2010 field season

 2011 and beyond
 FWS continue annual management, monitoring, 
maintenance of database, and updating
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RCRP Native Prairie, Jamestown, October 2009

Key Points from the 2008 Kick‐Off 
Meeting

 The Problem:  Loss of native prairie to cool‐
season invasive grasses smooth brome and 
Kentucky bluegrass

 Area of focus:  Native sod on Service‐owned 
lands across the Prairie Pothole Region in USFWS 
Regions 3 and 6

 Objective: Increase native composition while 
minimizing cost
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RCRP Native Prairie, Jamestown, October 2009

Key Points from the 2008 Kick‐Off 
Meeting

 Management Alternatives
 Prescribed Fire
 Graze
 Fire and Graze Combination
 Hay
 Rest

 Central Uncertainty:  Which is the appropriate 
management action given the current state and conditions?

 Management Cycle:  Decisions will be made on an annual 
basis ‐ annual treatments and monitoring
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RCRP Native Prairie, Jamestown, October 2009

Key Points from the 2008 Kick‐Off 
Meeting

 Information will be pursued within the 
constraints and abilities of the participating 
NWR/WMDs.  

 No experimental design will be imposed 

 No impractical management treatments will be 
considered

 No excessive or unfamiliar monitoring methods 
will be introduced
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RCRP Native Prairie, Jamestown, October 2009

Accomplishments Since Initial 
Meeting

 Determined monitoring method
 belt‐transect

 Solicited participants in the 2009 pilot season
 91 units from R6 and 7 units from R3

 Completed pilot season
 will talk about this next

 Created central database
 will demonstrate today

 Developed modeling framework
 will demonstrate today
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RCRP Native Prairie, Jamestown, October 2009

Elements of  Structured Decision 
Making (SDM)

 Objective  

 Decision alternatives  

 Model of predicted outcome given an action  

 Monitoring for recurrent decision making  
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RCRP Native Prairie, Jamestown, October 2009

What will this project provide?

 Recommended management actions for 
individual management units based on the 
current state of the prairie (yearly basis)
 optimal decision policy

 Through continued application and 
monitoring, we will learn about the system 
and decrease uncertainty, leading to improved 
management.
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RCRP Native Prairie, Jamestown, October 2009

Lets Be Clear About This…

 This project will not provide detailed 
management prescriptions, including the 
timing and intensity of management 
applications

 Why Not?

 Broad‐scale (multi‐region and multi‐refuge) nature 
of project necessitates simplicity in the framework 
to accommodate all prairies; cannot be tailor‐
made to fit a single one
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RCRP Native Prairie, Jamestown, October 2009

Benefit of Broad Scale

 Lessons learned from individual units are 
integrated and redirected back to increase 
management gain at the unit and landscape 
level. 

 Efficient use of individual efforts for the goal 
of shared, improved management for all.
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RCRP Native Prairie, Jamestown, October 2009

Lets Be Clear About This…

 This project will not take away a manager’s 
decision making flexibility

 Managers will make final decisions on 
management prescriptions after considering 
recommendations, management constraints, 
and unique circumstances.
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RCRP Native Prairie, Jamestown, October 2009

Lets Be Clear About This…

 This project does not end after 3 years

 Setup phase ends in 3 years but the intent is 
for implementation to continue into the future

Management actions

Monitoring

 Updating/Learning
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Pilot Season Management Units:  
A Summary

Size, Plant Composition, Soils, Treatments (type & 
frequency)
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Mean 145.79 acres

Min 13.6 acres

Max 595 acres

Size of Management Units
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Plant Composition
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Soil Texture
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Management Actions Implemented 
2004 ‐ 2008
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Frequency of non‐rest management in 
past 5 years = 2.55
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Model Demonstration
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RCRP Native Prairie, Jamestown, October 2009

Overview

 Quick review of role of modeling, monitoring

 Introduction to decision model

 Model predictions

 Biological uncertainty – competing models

 Generation of optimal decision policies

 Demonstration of model weight updating
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RCRP Native Prairie, Jamestown, October 2009

Why models and monitoring?

 Decision models
 Guide us toward selection of best decisions
 Make predictions that can be assessed
 Capture our thinking about how system works

 Disagreements / uncertainties reflected in competing models

 Monitoring
 Measurement of current state for selection of appropriate 

action
 Measurement of outcome to assess model predictions
 Monitor progress toward achieving objectives
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RCRP Native Prairie, Jamestown, October 2009

Prairie Decision Model, v -1.0

 Models and objective functions are still under 
development

 We discuss a simplified version for illustration
 To demonstrate the ‘flavor’ and likely nature of the model, 

decision making, and updating

 Displayed results have no relationship to likely implementation!
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RCRP Native Prairie, Jamestown, October 2009

Prairie Decision Model, v -1.0

 Predicts 1-year response to a treatment at scale of an 
individual prairie

 A prairie is represented in 3 components:
 Smooth brome, Kentucky bluegrass, native prairie

 Model is currently parameterized to reflect recognized 
response to long-term rest management
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RCRP Native Prairie, Jamestown, October 2009

Prairie Decision Model, v -1.0
Composition over 60 year period
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RCRP Native Prairie, Jamestown, October 2009

Prairie Decision Model, v -1.0

 4 available treatments:
 Rest, Fire, Graze, Hay

 Input:
 Current year’s observed composition (SB, KB, NP)

 Current year’s proposed treatment

 Output:
 Resulting composition next summer
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Prairie Decision Model, v -1.0

 Model proposes that treatments have specific results 
on specific components
 Fire has greater mortality impact on Kentucky bluegrass than 

on smooth brome

 Grazing has greater reduction effect on smooth brome than 
on Kentucky bluegrass

 Haying has no different effect than rest
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RCRP Native Prairie, Jamestown, October 2009

Prairie Decision Model, v -1.0

 Model is stochastic
 Growth, mortality parameters are random, reflecting 

environmental variation

 Treatment effectiveness is random, reflecting partial 
controllability

 Predictions “bounce” around a mean predicted outcome – no 
two predictions for the same inputs are exactly the same

Go to 1model Demo
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RCRP Native Prairie, Jamestown, October 2009

Competing Models

 The model proposes that burning and grazing have 
some degree of effectiveness on each of KB and SB, 
respectively

 A competing model might suggest that treatments 
aren’t as effective as we think
 Has implications for knowing what conditions to apply 

treatment and how often they must be applied

Go to 2model Demo
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Optimal decision making

 With the following in place:
 a predictive model

 a menu of available treatments

 a statement of values that balances the conservation value of 
restoring native prairie against the cost of getting there

…an optimal decision policy can be developed
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Optimal decision making

 A decision policy…
 Proposes a single best action in the current year for any 

specific combination of SB, KB, NP
 i.e., a “lookup” table

 Is consulted each year to obtain a recommended action for 
any prairie condition arrived at in the future

 Has a long-range view, i.e., it considers restoration over a 
long time frame and takes into account a path of optimal 
decisions into the future

Go to policyformat
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Optimal decision making

 A different policy is generated whenever we…
 Change the underlying predictive model

 Change the tradeoff between value of restoration and cost of 
achieving it

 The colors that appear & their patterns will change if we 
change either the model or the objective
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RCRP Native Prairie, Jamestown, October 2009

Optimal decision making

 But what if we don’t know which model to use?
 A single policy can be generated that is influenced by each 

model’s belief weight
 Complete uncertainty implies equal weight placed on models
 Assigning more weight to a model gives it greater influence over 

decision

 The resulting policy can be thought of as a “weighted 
average” of model-specific policies

 Model weights change through time, so the policy changes 
as we gain understanding about the system
 i.e., management adapts to the stuff we learn
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Model weight updating

 How are these weights adjusted?
 We need

 Predictions of response to treatment by each model

 Observation of response (from monitoring)

 Models inherit or lose weight according to how well they 
predict the outcome
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Model weight updating - example

 2 competing models
 Treatments are really effective

 Treatments mildly effective

 Complete uncertainty  50% weight assigned to each 
model

 Let’s use data from Huron to update these belief 
weights
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RCRP Native Prairie, Jamestown, October 2009

Slunecka WPA (Unit 3)

2008 Observation 2009 Observation

Mean SE Mean SE

Smooth brome 0.13 0.038 0.17 0.043

Kentucky bluegrass 0.42 0.048 0.29 0.044

Native prairie 0.43 0.057 0.53 0.061

2008 treatment Burn
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VenJohn WPA (Unit 1)

2008 Observation 2009 Observation

Mean SE Mean SE

Smooth brome 0.10 0.032 0.08 0.029

Kentucky bluegrass 0.66 0.046 0.71 0.045

Native prairie 0.19 0.037 0.20 0.043

2008 treatment Graze
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RCRP Native Prairie, Jamestown, October 2009

Mills WPA (Unit 2)

2008 Observation 2009 Observation

Mean SE Mean SE

Smooth brome 0.29 0.055 0.24 0.054

Kentucky bluegrass 0.16 0.049 0.09 0.03

Native prairie 0.29 0.057 0.52 0.073

2008 treatment Graze
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RCRP Native Prairie, Jamestown, October 2009

Mean SE Mean SE

Slunecka WPA (Unit 3)
Smooth Brome 0.13 0.038 0.17 0.043
Kentucky Bluegrass 0.42 0.048 0.29 0.044
Native Prairie 0.43 0.057 0.53 0.061

VenJohn WPA (Unit 1)
Smooth Brome 0.1 0.032 0.08 0.029
Kentucky Bluegrass 0.66 0.046 0.71 0.045
Native Prairie 0.19 0.037 0.2 0.043

Mills WPA (Unit 2)
Smooth Brome 0.29 0.055 0.24 0.054
Kentucky Bluegrass 0.16 0.049 0.09 0.03
Native Prairie 0.29 0.057 0.52 0.073

2008 Observation 2009 Observation

Burn

Graze

Graze

Go to updating
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Where do you fit in?

 Monitoring
 To indicate a best treatment for current conditions

 To evaluate quality of predictions generated last year

 Management
 Conducting management and recording treatments are the 

means by which…
 conservation objectives are pursued on your unit

 understanding is gained across region
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Native Prairie Adaptive Management Project 
Third Annual Cooperator Meeting 

16-17 February 2011 
Jamestown, ND 

 
We held our third annual meeting with our FWS cooperators 16-17 February 2011.  This meeting 
was preceded by the project kick-off meeting in July 2008 and the second annual meeting in 
October 2009. The meeting was attended by 33 individuals, including 29 Service personnel and 
four USGS personnel (see attached attendee list). The Service individuals included refuge 
biologists and managers from throughout the Prairie Pothole Region who are involved in the 
NPAM project.   
 
Primary objectives of the meeting were to review the (1) monitoring and management data, (2) 
comments from the Cooperator survey, (3) overall project – 3-yr plan, accomplishments to date, 
and what remains to be completed, (4) components of the adaptive management framework used 
to derive the 2011 management year recommendations, and (5) modifications to the framework 
components. 
 
What follows is a synopsis of the 2-day meeting, including the agenda, attendee list, notes, and 
PDF versions of the PowerPoint presentations. The notes include discussions, comments, 
questions, and responses by various meeting participants.  
 
Thank you to everyone who participated! 
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Native Prairie Adaptive Management Meeting Agenda     Page 1 of 1 

Native Prairie Adaptive Management Project 
February 16 & 17, 2011 

Jamestown, North Dakota 
AGENDA 

_________________________________________________________________________________ 
Objectives: 

1. Review monitoring data and survey of cooperator feedback  
2. Review database issues 
3. Review the project: 3-yr plan, accomplishments to date, what remains to complete 
4. Review models and related elements of the decision framework  

_____________________________________________________________________________________ 
 
Day 1:  Wednesday, February 16, 2011 
 
12:00 PM – 12:30 PM:  Welcome and Overview 

 Welcome and Introductions  
 Brief overview of the project (details on Thursday) 

 
12:30 – 3:00 PM:  Summary of data and feedback 
(includes a 15-minute break) 

 Summary of 2010 monitoring data 
 Review Cooperator feedback (from survey) 
 Q&A/Comments/Feedback 

 
3:00 – 3:45 PM:  Database  

 Known issues and solutions 
 Modifications for reports 

 
3:45 – 4:15 PM:  Larry Igl bird study  
 
4:15 PM – 4:30 PM:  Break 
 
4:30 – 5:00 PM:  Wrap up 
 
5:00 PM:  Adjourn 
_____________________________________________________________________________________ 
 
Day 2:  Thursday, February 17, 2011 
 
8:00 AM – 9:00 AM:  Overview of the Project 

 3-year timeline 
 Accomplishments to date 
 What remains to be completed (including hand-off) 

 
9:00 – 11:30 AM:  Elements of the Decision Cycle: Old and New  
(includes a 15 minute break where appropriate/necessary) 

 Part I:  Review all elements of the first decision cycle, up to the recommended actions provided 
on August 31, 2010 

 Part II:  Review changes to decision cycle elements since August 31, 2010 for the upcoming 
decision cycle (August 31, 2011) and beyond 

o Model Set, Resource State, Utility, Partial Controllability 
 
11:30 – 12:00 PM:  Wrap up and next steps 
 
12:00 PM:  Adjourn 
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NPAM Annual Meeting, February 2011, Attendee Names and Contact Information

NAME AFFILIATION PHONE # EMAIL
Kristine Askerooth USFWS 701‐724‐3598 kristine_askerooth@fws.gov

Kathy Baer USFWS 701‐442‐5474 kathy_baer@fws.gov

Kim Bousquet USFWS 320‐273‐2191 kim_bousquet@fws.gov

Tom Buhl USGS 701‐253‐5530 tbuhl@usgs.gov

Cami Dixon USFWS 701‐752‐4218 cami_dixon@fws.gov

Pauline Drobney USFWS 515‐994‐3400 pauline_drobney@fws.gov

Justin Dupey USFWS 605352‐5894 justin_dupey@fws.gov

Becky Esser USFWS 218‐844‐3406 rebecca_esser@fws.gov

Vanessa Fields USFWS 406‐727‐7400 vanessa_fields@fws.gov

Todd Frerichs USFWS 701‐240‐1836 todd_frerichs@fws.gov

Kristin Fritz USFWS 507‐236‐1669 kristin_fritz@fws.gov

Jill Gannon USGS 706‐542‐5181 jjgannon@usgs.gov

Jihadda Goran USFWS 320‐2732191 jihadda_goran@fws.gov

Todd Grant USFWS 701‐768‐2548 todd_grant@fws.gov

Stacy Hoehn USFWS 701‐845‐3466 stacy_hoehn@fws.gov

Eric Hoggarth USFWS 605‐885‐6320 eric_hoggarth@fws.gov

Roger Hollevoet USFWS 701‐662‐8611 roger_hollevoet@fws.gov

Laura Hubers USFWS 605‐947‐4521 laura_hubers@fws.gov

Larry Igl USGS 701‐253‐5511 ligl_usgs.gov

Brent Jamison USFWS 406‐789‐2305 brent_jamison@fws.gov

Kyle Kelsey USFWS 605‐256‐2974 kyle_kelsey@fws.gov

Socha Lor USFWS 303‐236‐4369 sochaeata_lor@fws.gov

Clint Moore USGS 706‐542‐1609 cmooore@usgs.gov

Connie Mueller USFWS 701‐848‐2722 connie_mueller@fws.gov

Rick Nelson USFWS 701‐355‐8509 richard_d_nelson@fws.gov

Mike Olson USFWS 701‐355‐8545 michael_olson@fws.gov

Mike Rabenberg USFWS 701‐387‐4397 michael_rabenberg@fws.gov

Paulette Scherr USFWS 701‐285‐3341 paulette_scherr@fws.gov

Terry Shaffer USGS 701‐253‐5522 tshaffer@usgs.gov

Neil Shook USFWS 701‐752‐4218 neil_shook@fws.gov

Chris Swanson USFWS 701‐647‐2866 chris_swanson@fws.gov

Sara Vacek USFWS 320‐589‐4973 sara_vacek@fws.gov

Bridgette Flanders‐Warner USFWS 605352‐5894 bridgette‐flanders‐wanner@fws.gov

Stacy Whipp USFWS 701‐285‐3341 stacy_whipp@fws.gov
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NPAM Annual Meeting - Notes 
Jamestown, ND 
16-17 February 2011 
 
Notes - Day 1 
 
Terry’s Introduction (PDF of presentation attached) 

 Emphasized movement from development stage to operational stage 
o USGS involvement diminishes and USFWS takes over. 

 Introduced special guests 
o Rick Nelson:  LCC PPP Coordinator 
o Mike Olson:  LCC PPP Science Coordinator 
o Soch Lor:  Region 6 I&M Program 

 
Bridgette’s Segment – Summary of Region-Level Data 

 Posed question:  Why seeing 50% rest in 2010?  Why no improvement from 2009 (i.e., 
reduction in rest)?   

o Is it because we are in the start-up phase? 
o Is it because couldn’t pull-off desired treatment (e.g., too much rain to burn; 

working on getting fences up for grazing)? 
o Is it because waiting for the first recommendations? 
o Will be interested to see what happens in 2011 after received the 

recommendations in August 2010 for the 2011 management year (since no rests 
were recommended). 

o A suggested reason from cooperators:  The fire program in Region 6 is “broken” 
and needs to be brought back under Refuges.  Needs to be more communication 
with project leaders – for example, have Todd Frerichs go to DWG meetings to 
get project leaders engaged.   

 It’s not just R6, R3 will be seeing a 25% cut in their fire program  
 If we can’t at least get treatments on NPAM units, what does that say 

about our ability to meeting FWS goals for all lands? Need to elevate this 
to highest levels.   

 Does Jim Kelton know about this [broken fire program]?  
 Yes, Bridgette briefed R6 fire program last year.   

 Do NPAM units get higher priority?   
 Sometimes.  Hopefully NPAM data can provide more support for 

the fire program.   
 Roger Hollevoet will pass on the fire message to DWG.   

 Suggested a survey each year for reasons as to why did not carry out recommended 
action. 

o e.g., funding, logistics, weather conditions, etc. 
o It will be interesting and will help us better calculate partial controllability (real 

data driven, not just elicitation driven). 
  

Bridgette’s Segment – Cooperator Survey Results 
 Q1:  List any benefits to the Refuge for participating in NPAM 

o No additional comments 
 Q2:  Was the NPAM study something you would have conducted on your own? 

o No additional comments 
 Q3:  Were the logistics and time constraints appropriate? 
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NPAM Annual Meeting - Notes 
Jamestown, ND 
16-17 February 2011 
 

o Comment: Need more time to enter monitoring data. 
 Explanation that the August 25 deadline is a FWS self-imposed deadline, 

not a USGS deadline.  USGS only needs a week turn-around time; that 
week can be anywhere.  The reason it is August 25 is because of the FWS 
management schedule and the FWS need to have a recommendation by 
September 1 in order to prepare for treatments that they would like to 
carry out in the fall (e.g., fall burns). 

 There was agreement that it is important to get the recommendations by 
September 1 so they can pull-off fall burns. 

 Agreed that there were some things this past year that made the deadline 
more difficult to meet: 

 Had to enter two years of data (2009 and 2010) 
 Didn’t have the functional database until later in the season (end of 

July), so couldn’t enter data while collecting data and couldn’t use 
seasonal techs to enter the data because they had to go back to 
school. 

 Had a learning curve to use the database 
 Agreement that the August 25 deadline is okay, given the need for the 

Sept 1 recommendations, and the fact that they will only have one year of 
data to enter, will have the database in hand earlier, and will be familiar 
with the database. 

 Can revisit this question next year after going through it again under these 
different circumstances. 

 Q4:  What were the good things about this project? 
o No additional comments 

 Q5:  What aspects of the project need improvement? 
o Comment:  Would like a clearer vision of what happens after USGS involvement 

is over; e.g., when do we revisit the model set? 
 USGS final report 
 There will be built in checks to see how functioning and if need to revisit 
 USGS/USFWS Advisory Team 

o Comment:  Request for preliminary results earlier. 
 What results would you like? 
 One person said mgmt unit composition. 

 Mgmt unit composition (% NP, SB, KB, RM) was provided along 
with the recommended mgmt actions, less than a week after the 
data were turned in. 

 There are also report abilities built into the database to provide 
summaries of units; though these aren’t working great in the 
current version (discussed later when talked about the database). 

 Bridgette said that the Coordinator (aka Cami) could provide the basic 
regional level information (like the graphs she showed earlier) soon after 
the data roll-up. 

 Pie chart of composition of tall grass and mixed grass 
 Yearly one page summary with standard template provided by 

coordinator 
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NPAM Annual Meeting - Notes 
Jamestown, ND 
16-17 February 2011 
 

 Summaries of data trends  
 Important to share preliminary results for learning 

o Comment:  Send information and emails to ALL field staff involved. 
 Discussion:  It is too difficult for a single coordinator to keep track of all 

the turn-over on each station.  We should have one point-of-contact (POC) 
per station; that one POC should be responsible for forwarding the 
information to everyone at the station that needs/wants to receive it. 

 Agreed that we should have one POC per station. 
o Comment:  Will general management categories ever be conclusive for 

management recommendations without further refining management timing? 
 Time is the great equalizer for helping us to discern real effects from all of 

the ‘noise’ in the data; can’t think we are going to correct our invasion 
problem faster than we got into this situation. 

 Can include a summary of best time/best practices for treatment timings in 
the summary document 

 Can address the issue of timing of management in post-hoc analyses (all of 
the detailed data are being collected and kept in the database), but not in 
the models.  Models must project distinct responses to each management 
action.  In noisy systems, such as this one, must keep the model set small 
and diverse; thus cannot explore small differences in timing of 
management application. 

o Comment:  Will soil and moisture differences across the study area allow a single 
answer to best management? 
 Discussion:  Mixed grass and tall grass models will help address soil, 

precip, species differences 
 Q6:  Do you have recommendations to improve NPAM? 

o Comment:  Can we get the same recommendations for all mgmt units in the same 
WPA? 
 The model process is state-based; it would not make sense to provide 

recommendations on a WPA basis rather than a unit basis. If you cannot 
do the recommended management action, then that is the reality and we 
accept that.  But, please try. Also, review your selection of your NPAM 
units and select them judiciously to alleviate this issue.  

o Comment:  Continue good communications and annual workshops 
 Will continue the annual belt-transect workshops held in MN and SD 

o Comment:  Request for a short “how to” manual 
 Need Science Team support to write a “how to” manual for field 

operation.  Sara mentioned the usefulness of one page SOPs (Standard 
Operating Procedures) that can be taken into the field.  Can be part of the 
final protocol notebook. 

 Q7:  Have you modified native prairie management at your station based on information 
from the NPAM study? 

o Comment:  We recognize that managers have the option to not follow the 
recommendation, but in the spirit of participation, we are following them when 
we can. 
 [Fantastic!  That is what we are asking. ] ed.  
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NPAM Annual Meeting - Notes 
Jamestown, ND 
16-17 February 2011 
 

 Part of the “spirit of participation” is a judicious selection of management 
units to include in the project; that is, ones that can be treated with the 
different management actions that may be recommended.   

 If the recommendation is to, for example, graze, but you aren’t able to, at 
least the recommendation can get you thinking about: a) why [the model] 
recommended a graze and b) if you should get what you need (e.g., a 
fence) so you can graze the unit in the future. 

 Q8:  Do you have any other feedback? 
o Comment:  Concerned a lot of work is going into this project and all it will tell us 

is to burn/graze more.  We know that. 
 Even if we already “know” to burn/graze – it makes the decision process 

more transparent 
 Other Discussions 

o What the protocol notebook will contain 
 Full report: overview of all aspects of the project 
 Short, take-in-the-field SOPs (Standard Operating Procedures) 
 Short references for different aspects; e.g., database, plant codes, “how to” 

stuff. 
 FAQs 

o Future centralization of the project 
 SharePoint or ftp for stations to provide their station-level data for the 

August data roll-up 
o Folks are OK with collecting visual estimates of grass utilization 
o People liked Kevin’s web ex meetings on the database 

 
 
LCC 

 Rick Nelson (PPP LCC Coordinator) got up and spoke briefly about the LCC 
o Large-scale regional projects 
o “Value-added” projects; not add new projects – it’s about improving what already 

have 
o Leveraging resources 
o Capacity building 
o Not about just writing checks 
o How help managers have the tools they need to do what the need to do on the 

ground 
o Human dimensions is built in 

 Mike Olson (PPP LCC Science Coordinator) 
o Have a down-scaled climate change model for the PPP 
o Suggested it could be used to improve our NPAM models 

 
 
Database 

 Known software issues to be dealt with: 
o ArcMap/Access 2010 have compatibility issues 
o 64 bit issue 
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NPAM Annual Meeting - Notes 
Jamestown, ND 
16-17 February 2011 
 

 Other issues to be dealt with: 
o Scroll bar 
o Search function 
o Summary tools for reports 

 Some tools query the wrong data 
 Not as useful or easy as should be 

 
 
Larry Igl piggy-back bird study 

 Use a subset of the NPAM management units that are 60-80+ acres in size 
 Bird surveys – response of interest is presence of breeding pairs 
 Structural vegetation surveys and litter depth (not at NPAM transects, but new transects) 
 No extra work for Refuge personnel in NPAM project 

 
 
Notes – Day 2 
 
Clint’s presentation (PDF of presentation attached) 

 Overview of project background, purpose, timeline, accomplishments, and tasks ahead to 
hand-off 

 
Jill’s presentation (PDF of presentation attached) 

 Part I:  Overview of elements of the AM framework that created the recommended 
management actions the cooperators received at the end of August 2010 for the 2011 
management year.   

 Part II:  Overview of the changes to some of the framework elements (resource state, 
model sets, utility, partial controllability) since completion of the first decision cycle, for 
the upcoming decision cycle and beyond. 
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WELCOME!!!

Native Prairie Adaptive Management 
(NPAM) Cooperators’ Meeting

16‐17 February, 2011

Northern Prairie Wildlife Research Center
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What is NPAM?

• A USGS‐FWS collaboration for developing an 
adaptive management framework that will 
help guide and inform FWS efforts to address 
invasive plant issues on native prairies

– Collaboration across multiple refuges and regions

– The framework will assess the effectiveness of 
various control methods and systematically 
reduce management uncertainty over time
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Meeting Purpose

• Bring cooperators up to speed with 
accomplishments, and provide a roadmap for 
seeing the development phase completed

• Objectives
1. Review monitoring data and cooperator feedback
2. Review and discuss database issues
3. Project overview focusing on key aspects of the 

process
4. Provide update on models and related elements of 

the decision framework
5. Answer your questions
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Roles and Responsibilities

• Changes in personnel and duties

• Development gives way to Operations

USGS USFWS
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Today’s Agenda

• Welcome and overview

• Summary of data and feedback

• Database

• New Grassland Bird Study
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Tomorrow’s Agenda

• Detailed project overview

– 3‐year timeline

– Accomplishments to date

– Remaining tasks

• Elements of the decision cycle: old and new

– Model sets, resource states, utility functions, 
partial controllability

• Wrap‐up and adjourn by noon
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Logistics

• Sign‐in sheet

• Snacks & refreshments

• Restrooms

• Dinner tonight at IDK Bar and Grill

Questions?
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Introductions

• Special Guests

• Arrangements Committee 

• Principal Investigators

• Science Team
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Summary of  
Monitoring and Management Data 
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The Face of Native Prairie 
Adaptive Management
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Refuge Cooperators
• Nineteen participating Refuge stations

– Span four states of the Prairie Pothole Region 
(MN, MT, ND, SD)

– Over 120 management units (must be Native 
Sod)
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Average 86

Minimum 8

Maximum 595

Unit Size
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Summary of  
Cooperator Survey Results 
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Q1: List any benefits to the Refuge for participating in NPAM

• Promotes cross program communication (i.e., biology, management, fire)
• Learn more by putting in a little
• Gives us options for management we may have never considered
• Got us out and doing vegetative monitoring
• Improved knowledge of conditions of our grassland habitat
• Gave us an opportunity to start a monitoring program and develop a 

management plan for WPAs
• Improved communication with other biologists/managers in the project
• Provides structure, database, & models I wouldn’t have developed myself
• Forced healthy discussion amongst our staff about our current management
• Helped identify and focus on native prairie in our complex
• Conducted belt transects with the manager and fire staff fire specialist which 

opened the way for quality dialogue
• Vegetation monitoring became a higher priority 
• Monitoring data can be used for management decisions in a timely manner
• All participants learn from each other's results
• Gives access to experts in modeling and experimental design
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Q2: Was the NPAM study something you would 
have conducted on your own?

• Most Common Answer: Not to this scale or degree of regularity
• No. By participating in this study, it is "forcing" us to look closely at 

the condition of our remnant prairies and realize the effects of our 
management.

• Yes. We were completing baseline veg transects on all native 
prairie WPAs.  We didn't have the all the details worked out on 
statistical analysis & future management recommendations, but 
we were attempting to go that direction.

• This project is not possible on our WMD-scale. It requires several 
partners to get a sufficient sample size to learn anything in a 
reasonable amount of time.

• The pooled information is the most valuable part of this project –
we would not have done that on our own.

• Vegetation monitoring was occurring but not on a regular or 
defined basis. 
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Q3: Were the logistics and time constraints appropriate?

• 12 Yeses, 1 No
• No. Asked to provide data in a week.
• Yes. Very well planned out with guidance on average number of 

transects that can be completed in a day.
• Quick turnaround to get data entered into database, especially if data 

collection has to be put off until early August (as in our case). 
Database is so user friendly that it's fairly realistic & necessary.

• Yes. We planned it to be appropriate based on staff availability.
• Despite initial excitement for project, we committed on a small scale 

to test the waters and see what was realistic. That was a good 
approach as other critical items keep arising and taking time from 
NPAM. The original small scale is sustainable & we look forward to 
continued contribution at this level.

• Monitoring seems to end just as final data & error checking are due.  
Since monitoring runs into the fall, most seasonals have returned to 
school, leaving final data entry to us trying to complete other regional 
deadlines. Would be nice to extend due date to middle of September.

276

NPAM Third Annual Cooperator Meeting 
_________________________________________________

 
__________________________________________________

31 
___________________________________________________



Q4 #1: What were the good things about this project?

• Coordination between Team Leaders and participants has been 
exceptional.  It greatly exceeds other projects we are (have 
been) involved in.  The project, as a whole, has been well 
thought out and is very straightforward for the field participants.

• Got us out looking at areas after they had been grazed or 
burned or rested. Easy to replicate.

• Knowledge is power! Knowledge means better management.
• We are working together, across stations, with biologists and 

managers for the good of the resource.
• Provides consistency and standardization across stations, 

states, & regions. Nice to consult and collaborate with USGS. 
Adaptable.

• Field methodology requires minimal time commitment.
• Long term learning, representation of many stations, expert 

involvement, project leader buy-in.
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Q4 #2: What were the good things about this project?

• Opportunity to interact with colleagues in other region & learn 
other approaches to managing prairie. Having a science team 
work on nuts & bolts of models & monitoring protocol was great 
approach.

• Pooled information from AM will provide our best chance to 
restore our brome-infested prairie.

• Being part of the process to find an answer to a large problem. 
Without this project, a coordinated effort to problem solve would 
still not be happening. 

• Seeing everyone come together to support a common goal.  
This project has finally pushed vegetation monitoring to be a 
priority throughout the prairies.  It shows that research and 
applicability don't have to be on opposite ends of the bell curve. 

• Excellent turnaround with station results shortly after veg data 
was submitted.  Really appreciate Justin's technical assistance 
on GIS/database issues.
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Q5 #1: What aspects of the project need improvement?

• More time to enter data.
• Send the information & emails to all field staff involved.  Not all 

emails sent to the PL or Biologist get forwarded to people 
involved on the ground. Having an understanding and inherent 
interest in all aspects in the study greatly improves the quality 
of data collection in any project. 

• Just streamlining data entry & submission. There was a  Just a 
bit of a learning curve using the database for the first few times.

• Ability to implement prescribed fire as recommended will be 
challenging due to the fire program situation.

• Reports part reminded me each time I was working with the SD 
plant list, which got irritating.

• A clearer vision for the future of the project. What happens after 
funding is gone & our USGS partners are not readily available?  
How do we decide when we need to revisit the models?
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Q5 #2: What aspects of the project need improvement?

• Better communication of results, even if they are preliminary.
• Not sure general management categories will ever be 

conclusive for management recommendations without further 
defining management timing. Results of vegetation may not 
be dramatic enough to note cause of the change. 

• Not sure soil & moisture differences across study area will 
allow a single answer to best management. 

• Wonder if kind of native vegetation (ie. big bluestem vs. 
stipas) competing with brome makes a difference? The 
number of transects in a certain area should not be what 
drives the model.

• More time for stations to process data, since seasonals leave 
mid-August & end of August is full of deadlines.

• Still some confusion over entering management data 
(particularly grazing).
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Q6 #1: Do you have recommendations to improve NPAM?

• More accurate timing for recommendations.
• Too early to tell. We will do our best to provide the 

management & information the model/project needs & we will 
wait until the model is far enough along to give us feedback.

• Would like to have management recommendations for the 
same WPA (but has multiple AM units) be the same. Multiple 
treatment types on small units become expensive. We 
recognize that managers have the option to not follow the 
recommendation, but in the spirit of participation, we are 
trying to follow the recommendations.

• Continue good communications and annual workshops to 
keep the group aware of progression of model and data 
incorporation.  It's good to keep folks updated on what the 
data means and how it is being used.
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Q6 #2: Do you have recommendations to improve NPAM?

• Have someone provide an overview of the project with a 
wrap up of results, insights, or other ways of seeing the big 
picture and how this is helping us manage native prairie. 
Perhaps this can be addressed in USGS’s final report.

• Take steps to ensure the project continues.
• Communicate results when they are known.
• Would eventually like to see comparisons between areas 

(e.g., dry vs. wet, cool-seasons vs. warm-seasons).
• Short “how to” manual - something small that seasonals can 

take with them & look up “How do I take the azimuth again?" 
& “How do I know which point is the starting point?" etc.
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Q7 #1: Have you modified native prairie management at your 
station based on information you learned from the study?

• Yes. We re-prioritized RX burns for 2011 based on NPAM.
• Only for units involved in the study. We don’t have enough 

data or information from the study to apply to other units.
• Predict we will have to implement more grazing vs. fire due 

to the current fire program problems.  
• We will be trying to follow the suggestions which are a bit 

more aggressive than we normally would be.  If we can get 
the management done, especially burning, it will be 
interesting to see the short and long term changes.

• We’re planning treatments on some units that wouldn’t have 
normally occurred, but not really because we learned 
anything - we're just following through with our commitment 
to follow recommended actions as close as we can.
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Q7 #2: Have you modified native prairie management at your 
station based on information you learned from the study?

• We followed the model recommendation to burn 2 years in a 
row. Most years that wouldn't be considered because of 
limitations to carry the 2nd fire. Since the model asked, we 
decided it could work & let the model lead the management.

• Will look at getting fence where grazing was recommended.
• As results are obtained, there will be increasing acceptance 

that more frequent upland management is required to 
achieve habitat management goals. 
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Q8: Do you have any other feedback?
• Concerned a lot of work going into this project and all it tells 

us is to burn/graze more.  We know that.
• Great Job!  A study of this magnitude is a great undertaking 

but will have significant use in the field.
• Justin has been VERY helpful.
• Afraid that after a couple of years the novelty, $$, or 

personnel changes/priorities will cause support for this 
project to wane.  Can we use this to justify continued or 
increased fire dollars for habitat management?

• Thank you for getting us to this point. Every good idea needs 
a promoter that will help build a team to move it forward. Your 
promotion skills are appreciated.

• Lack of seasonals with good veg ID skills - an issue with their 
college education that needs to be stressed to professors.  

• Looking forward to seeing some preliminary results. 
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NPAM Cooperators Meeting, Jamestown ND, 16-17 Feb 2011

Native Prairie Adaptive Management
Project Overview
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NPAM Cooperators Meeting, Jamestown ND, 16-17 Feb 2011

Outline

USGS-USFWS Refuge Cooperative Research 
Program
NPAM Project

Background
The Team
Description
Timeline
Accomplishments and Project Visibility
The Homestretch
The Hand-Off
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NPAM Cooperators Meeting, Jamestown ND, 16-17 Feb 2011

Refuge Cooperative Research Program

What is the RCRP?
Management/Research partnership between USFWS and 
USGS

RCRP Goal
Facilitate science-based management on National 
Wildlife refuges

RCRP Focus
“Adaptive management”
Multi-refuge, multi-region problems
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Adaptive Management
Learning valued to the extent it improves management

Research Management

Focus on learning Focus on outcomes

Adaptive Management
Focus on outcomes, on a

path illuminated by learning
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NPAM Cooperators Meeting, Jamestown ND, 16-17 Feb 2011

RCRP Projects

Timing of impoundment drawdowns
Prescribed burning in emergent marshes
National Marsh Bird Monitoring Program
Control of reed canary grass
Native prairie management
Assessment of salt marsh integrity
Optimal monitoring of wetlands under climate 
variability
National assessment of impaired water bodies
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NPAM Cooperators Meeting, Jamestown ND, 16-17 Feb 2011

RCRP Review
La Crosse WI, October 2010

Program leaders and RCRP project teams gathered 
to review projects, RCRP program, and future of 
RCRP
NPAM was cited as an exemplary program of what 
RCRP was intended to deliver
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NPAM Cooperators Meeting, Jamestown ND, 16-17 Feb 2011

Native Prairie Adaptive Management 
(NPAM) Project

Background
“Brome Summit”, July 2006
Dakotas-MT Prairie Inventory, 2006-2008
Minnesota

Grassland Monitoring Program, 2007-ongoing
Adaptive Grassland Management Consultancy, 2007

Grant et al. “Emerging Crisis” paper in Ecological 
Restoration, 2009
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NPAM Cooperators Meeting, Jamestown ND, 16-17 Feb 2011

Native Prairie Adaptive Management 
(NPAM) Project

Funded in 2008
Team:

Terry Shaffer & Clint Moore, USGS co-PIs
Jill Gannon, USGS post-doc
FWS Science Team

Flanders-Wanner (Principal Cheerleader, Agitator, Cat-Herder), 
Bousquet, Dixon, Drobney, Fields, Grant, Vacek

FWS Database Team
Dupey, McAbee, Sutherland

FWS Refuge Cooperators
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NPAM Cooperators Meeting, Jamestown ND, 16-17 Feb 2011

Native Prairie Adaptive Management 
(NPAM) Project

A USGS-FWS collaboration to develop an adaptive 
management framework that will help guide and 
inform FWS efforts to address invasive plant issues 
on native prairies

Collaboration across multiple refuges and regions
The framework will assess the effectiveness of various 
control methods and systematically reduce management 
uncertainty over time
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NPAM Cooperators Meeting, Jamestown ND, 16-17 Feb 2011

Native Prairie Adaptive Management 
(NPAM) Project

Outcomes of 2008 Kick-off Meeting
The Problem

Loss of native prairie to cool-season invasive grasses smooth 
brome and Kentucky bluegrass

Area of focus
Native sod on Service-owned lands across the Prairie Pothole 
Region in USFWS Regions 3 and 6

Objective
Increase native composition while minimizing cost
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NPAM Cooperators Meeting, Jamestown ND, 16-17 Feb 2011

Native Prairie Adaptive Management 
(NPAM) Project

Outcomes of 2008 Kick-off Meeting
Management Alternatives

Prescribed Fire
Graze
Fire and Graze Combination
Hay
Rest

Central Uncertainty
Which is the appropriate management action given the current 
state and conditions?

Management Cycle
Decisions will be made on an annual basis - annual treatments 
and monitoring
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NPAM Cooperators Meeting, Jamestown ND, 16-17 Feb 2011

Native Prairie Adaptive Management 
(NPAM) Project

Outcomes of 2008 Kick-off Meeting
Information will be pursued within the constraints and 
abilities of the participating NWR/WMDs

No experimental design to be imposed 
No impractical management treatments to be considered
No excessive or unfamiliar monitoring methods to be 
introduced

Preserve the manager’s decision making flexibility
Managers will make final decisions on management prescriptions 
after considering recommendations, management constraints, 
and unique circumstances
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NPAM Cooperators Meeting, Jamestown ND, 16-17 Feb 2011

Native Prairie Adaptive Management 
(NPAM) Project

Annual Decision Cycle

Aug 25 –
Aug 31

Initial 
Monitoring

Compare and 
update model 

weights

Monitor 
outcome

Select & apply 
management 

action

Look up 
optimal policy

Iterative 
Cycle

Aug 25

Aug 31

Sept 1 –
Aug 31

July - Aug 
Due Aug 25 Gannon et al. 2011
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Native Prairie Adaptive Management 
(NPAM) Project

Expected benefits
Optimal recommended management action for each 
management unit based on current prairie state, each year

A focus for monitoring

Reduction of uncertainty over time and progressive 
improvement in management

A focus for monitoring

Spirit of purpose in cooperating across refuge boundaries 
to collectively pursue conservation outcomes
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NPAM Cooperators Meeting, Jamestown ND, 16-17 Feb 2011

Native Prairie Adaptive Management 
(NPAM) Project

Timeline

2009

2010

2011

Funding award

“Kick-off” meeting

2nd cooperator meeting

Cooperator interest survey

Pilot season:
actions & monitoring

Model development

Pre-adaptive season: actions & monitoring
Provision of recommended 
management actions for 
2010-2011

Database development

Review/revision of framework elements

1st adaptive season: actions & monitoring
Recommended actions for 2011-2012

Project completion: Handover of decision tools to USFWS
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NPAM Cooperators Meeting, Jamestown ND, 16-17 Feb 2011

Native Prairie Adaptive Management 
(NPAM) Project

Beyond 2011?  FWS!
An FWS coordinator will take on several duties:

Managing the treatment, monitoring, and data uploading 
activities
Updating decision models and returning recommended 
management actions to cooperators
Assisting cooperators as needed

Refuge cooperators continue:
Monitoring
Data entry and uploading
Carrying out management actions
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NPAM Cooperators Meeting, Jamestown ND, 16-17 Feb 2011

Native Prairie Adaptive Management 
(NPAM) Project

Accomplishments
Assembled a motivated team to develop framework

Cooperator consensus on:
Fundamental management objective
Alternative actions (the “treatment menu”)
Parameters of the action / monitoring / data management / 
decision recommendation cycle

Science Team input on technical issues:
Model set
Utility function
Partial control of actions
etc., etc., etc.
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NPAM Cooperators Meeting, Jamestown ND, 16-17 Feb 2011

Native Prairie Adaptive Management 
(NPAM) Project

Accomplishments
Enrollment of 120 prairie units at 19 stations
Two successful seasons of belt-transect monitoring
Development of a data entry interface and database
Completion and implementation of a provisional but 
functional adaptive management framework

Provisional model and utility elements
Generated a management recommendation for each unit in 2010 
based on current prairie composition
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NPAM Cooperators Meeting, Jamestown ND, 16-17 Feb 2011

Native Prairie Adaptive Management 
(NPAM) Project

Project Visibility
Presentation at regional & national conferences

North American Prairie Conference (2010, talk)
Ecological Society of America (2010, talk)
TWS Central Mountains & Plains Section (2010, talk)
The Wildlife Society (2010, poster)
SDTWS/NDTWS (2008, talk)

Gannon et al. paper, NAPC Proceedings 2011
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NPAM Cooperators Meeting, Jamestown ND, 16-17 Feb 2011

Native Prairie Adaptive Management 
(NPAM) Project

Project Visibility
Presentation to Service groups

R6 FWS Project Leaders Meeting (2010)
R3 Area Project Leaders Meeting (2010)
Montana Biologists Meeting (2010)
R6 FWS Fire Program Review Meeting (2009)
R6 FWS Refuge Supervisors (2009)
Dakota Zone Project Leaders Meeting (2009)
R3/R6 USFWS Coordination Meeting (2008)
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NPAM Cooperators Meeting, Jamestown ND, 16-17 Feb 2011

Native Prairie Adaptive Management 
(NPAM) Project

Project Visibility
Featured in other published reports & venues

RCRP Review, Oct 2010
DOI Adaptive Management Applications Guide (2011)
Knutson et al. 2010, The Wildlife Professional

“Defensible decision making: harnessing the power of adaptive resource 
management”

Moore et al. 2011, Journal of Environmental Management
“Adaptive management in the U.S. National Wildlife Refuge System:
Science-management partnerships for conservation delivery”
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NPAM Cooperators Meeting, Jamestown ND, 16-17 Feb 2011

Native Prairie Adaptive Management 
(NPAM) Project

The Homestretch:  Tasks to finish
Finalization of framework elements

Model set
Utility values
Estimation of management control
Model updating algorithms

Initiation of the 2011-2012 management cycle
Make needed changes in database
Assess models against monitoring data
Compute recommended actions & distribute to cooperators
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NPAM Cooperators Meeting, Jamestown ND, 16-17 Feb 2011

Native Prairie Adaptive Management 
(NPAM) Project

The Homestretch:  Tasks to finish
Bundling it all up for hand-off

Protocol notebook
Software to automate model updating and decision selection
Final report due end of September
Manuscripts
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NPAM Cooperators Meeting, Jamestown ND, 16-17 Feb 2011

Native Prairie Adaptive Management 
(NPAM) Project

The Hand-Off
Project closure workshop with Science Team and 
cooperators (Sep-Oct 2011)
Final consultation with FWS NPAM coordinator; 
delivery of tools and materials
Coordinator appoints a FWS-USGS Advisory Team to 
periodically assess operation and recommend framework 
adjustments, as needed
Dissolution of the project development team; NPAM 
becomes operational
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NPAM Cooperators Meeting, Jamestown ND, 16-17 Feb 2011

Questions?
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NPAM Annual Cooperator Meeting, 16-17 February, 2011

Native Prairie Adaptive Management:  
3rd Annual Cooperator Meeting
16-17 February, 2011
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NPAM Annual Cooperator Meeting, 16-17 February, 2011

Table of Contents

 Part I :  Components of the “provisional, but functional 
AM framework”
 First decision cycle (August 31, 2010) 

 Objective, Decision Alternatives, Models, Utility, 
Optimization, Monitoring, Management Decisions, Updating

 Part II:  Changes to framework components for     
second decision cycle (August 31, 2011) and future 
decision cycles
 Model Set, State Structure, Utility, and Partial Controllability
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NPAM Annual Cooperator Meeting, 16-17 February, 2011

Part I:  Components of the 1st Decision Cycle 

Set-up Phase
 Objectives
 Decision Alternatives
 Models
 Utility Function

Iterative Phase
 Optimization
 Monitor
 Decision
 Assessment
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NPAM Annual Cooperator Meeting, 16-17 February, 2011

Part I:  Components of the 1st Decision Cycle

Set-up Phase
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NPAM Annual Cooperator Meeting, 16-17 February, 2011

Objective & Decision Alternatives

 Management objective
 Increase the composition of native prairie (grasses, forbs) at 

the least cost

 Menu of management action alternatives
 Rest

 Hay

 Graze

 Burn

 Burn / Graze

Objective Alternatives Models Utility Optimize Decide AssessMonitor
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NPAM Annual Cooperator Meeting, 16-17 February, 2011

System State Representation

SB SB|KB KB Other

> 95% 1

80 – 95% 2 3 4

50 – 80% 5 6 7 8

20 – 50% 9 10 11 12

< 20% 13 14 15 16

Dominant Invasive

Native 
Prairie

1

2 3 4

5 6 7 8

9 10 11 12

13 14 15 16

Objective Alternatives Models Utility Optimize Decide AssessMonitor
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NPAM Annual Cooperator Meeting, 16-17 February, 2011

System State Representation
Objective Alternatives Models Utility Optimize Decide AssessMonitor

16151413< 20%

121110920 - 50%

876550 - 80%

43280 - 95%

1> 95%

OtherKBSB/KBSB% Native Prairie

Dominant Invasive

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
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NPAM Annual Cooperator Meeting, 16-17 February, 2011

Uncertainty & Models - A Model
Objective Alternatives Models Utility Optimize Decide AssessMonitor
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Rest

Hay

Graze

Burn

Burn + Graze

A matrix for each management 
action
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Estimation of Parameters

 Meta-analysis
 Field studies 

 Refuge data

 Expert opinion on effect of rest

 Estimates by grassland type
 Mixed grass and Tallgrass prairie

Objective Alternatives Models Utility Optimize Decide AssessMonitor
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NPAM Annual Cooperator Meeting, 16-17 February, 2011

Uncertainty & Models

 Deciding which management action to use is difficult 
due to uncertainty about behavior of the system
 Grazing:  Reduce smooth brome, but…

Kentucky bluegrass and native grasses? 

 Reducing uncertainty is the reason we want to manage 
under an  adaptive framework

 Represent uncertainty through alternative models 
 Different notions of how system works

Objective Alternatives Models Utility

+ or - ?

Optimize Decide AssessMonitor
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NPAM Annual Cooperator Meeting, 16-17 February, 2011

Structural Uncertainty
Objective Alternatives Models Utility Optimize Decide AssessMonitor

 Elicitation exercise with Science Team
 Effect of haying on NP, SB, KB

 Effectiveness of burning against SB

 Effectiveness of grazing against KB

 Existence of threshold, below which management is 
ineffective

 Represent uncertainty through four alternative models
 Developed by “tweaking” parts of empirical model

 One set for each grassland type
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NPAM Annual Cooperator Meeting, 16-17 February, 2011

Uncertainty & Models:  Model 1
Objective Alternatives Models Utility Optimize Decide AssessMonitor

 Model 1:  “Conventional wisdom”
 Natural disturbance mimics (burn or graze) are good for NP

 Haying is no better than Rest

 Grazing is better than Burning against SB

 Burning is better than Grazing against KB
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NPAM Annual Cooperator Meeting, 16-17 February, 2011

Uncertainty & Models:  Models 2 - 4
Objective Alternatives Models Utility Optimize Decide AssessMonitor

 Model 2:  “Haying more effective than Rest”

 Model 3:  “Invader-specific treatment effectiveness”
 Burning no better than Rest on SB

 Grazing no better than Rest on KB

 Model 4:  “Threshold”

 No form of management is better than Rest when NP < 20%
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NPAM Annual Cooperator Meeting, 16-17 February, 2011

Uncertainty & Models – Alternative Models
Objective Alternatives Models Utility

 Model 1  
 Base model, based on general agreements

 Model 2 versus Model 1
 Focused on uncertainty  over effectiveness of Haying

 Model 3 versus Model 1
 Focused on uncertainties over effectiveness of Burning 

against SB and Grazing against KB.

 Model 4 versus Model 1
 Focused on uncertainty over existence of a threshold

Optimize Decide AssessMonitor
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NPAM Annual Cooperator Meeting, 16-17 February, 2011

Utility Function

 Describes what we want from the system

 Combines both aspects of the objective

 Expresses the balance between the value of having 
native prairie with the cost of achieving it

 Separate from our models, which describe our ideas 
about the science of the system

Objective Alternatives Models Utility Optimize Decide AssessMonitor
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Utility Function
Objective Alternatives Models Utility

 Utility Function Recognizes We Value

3) The means by which you 
made the transition 

3) Gaining native prairie 

for less investment

2) The state you came from2) Making improvements

1) The state you arrive in1) Higher native prairie 
states

Optimize Decide AssessMonitor
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 We value higher Native Prairie states

 > 95% NP

 80 – 95% NP

 50 – 80% NP

Utility Function - Dimension #1
The state you arrive in

Objective Alternatives Models Utility Optimize Decide AssessMonitor
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Utility Function – Dimension #2
The state you came from

 We value making improvements

 If we have 80 – 95%

 Started from 50 – 80%

 Started from >95%

Improvement !!!

Degrade.

Objective Alternatives Models Utility Optimize Decide AssessMonitor
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NPAM Annual Cooperator Meeting, 16-17 February, 2011

 We value gaining Native Prairie for less investment

 If we have > 95% Native Prairie

 Resulting from Burn/Graze (expensive)

 Resulting from Rest (cheap)

Utility Function – Dimension #3
Means by which you made the transition

Objective Alternatives Models Utility Optimize Decide AssessMonitor
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Utility Function – Complete

1) We have high standards for Native Prairie
 Big value for states with > 80% NP

 Sharp decline in value for states with < 80% NP

2) We value improvements & devalue degradations

3) We place a low emphasis on cost in general

Objective Alternatives Models Utility Optimize Decide AssessMonitor
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Partial Controllability

 Action carried out is not always action indicated
 Unfavorable conditions, lack of resources, etc.

 Policies take into account that future actions are 
unpredictable, even when prescribed, and predictions 
are imprecise
 Reduces management performance

 But ignoring it (i.e., assuming actions are perfectly 
controllable) could be worse

Objective Alternatives Models Utility Decide AssessMonitorOptimize
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Partial Controllability
Objective Alternatives Models Utility

Tall

Mixed

Decide AssessMonitorOptimize
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Part I:  Components of the 1st Decision Cycle

Iterative Phase
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Finding the Best Management Action

 Adaptive stochastic dynamic programming

 Method of optimization that integrates our:
 Models (our beliefs about system behavior)
 Utility function (values)
 Degree of management control (partial controllability)

 Determines trajectory of decisions through time that will 
maximize utility and achieve objective, while accounting for:
 Future dynamics of system state and knowledge
 Current and future expected returns
 Partial controllability of the system

Objective Alternatives Models Utility Optimize Decide AssessMonitor
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Decision Policy Generation 
Objective Alternatives Models Utility Optimize Decide AssessMonitor

 Produces an optimal decision policy – best decision you 
can make today given:
 Current system state 
 Monitoring

 Current understanding of system behavior 
 Reflected through confidence weights (degree of belief ) on 

each model 

 Weights create differential influence of each model on the 
current decision policy; models with greater weight (belief ) 
have greater influence
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Mixed-Grass:  Model-specific decision policies
Model 1 

SB SB/KB KB Other

> 95% 1

80 – 95% 2 3 4

50 – 80% 5 6 7 8

20 – 50% 9 10 11 12

< 20% 13 14 15 16

SB SB/KB KB Other

> 95% 1

80 – 95% 2 3 4

50 – 80% 5 6 7 8

20 – 50% 9 10 11 12

< 20% 13 14 15 16

Rest

Hay

Graze

Burn

B/G

Objective Alternatives Models Utility

Model 2 

Model 3 
SB SB/KB KB Other

> 95% 1

80 – 95% 2 3 4

50 – 80% 5 6 7 8

20 – 50% 9 10 11 12

< 20% 13 14 15 16

Model 4 

SB SB/KB KB Other

> 95% 1

80 – 95% 2 3 4

50 – 80% 5 6 7 8

20 – 50% 9 10 11 12

< 20% 13 14 15 16

Optimize Decide AssessMonitor
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Mixed-Grass:  Final Decision Policy

SB SB/KB KB Other

> 95% 1

80 – 95% 2 3 4

50 – 80% 5 6 7 8

20 – 50% 9 10 11 12

< 20% 13 14 15 16

Rest

Hay

Graze

Burn

B/G

Objective Alternatives Models Utility

 Best decision can make today given:
 Current state of the system
 Complete uncertainty among models (equal weights)
 Assuming partial control over management action

Optimize Decide AssessMonitor
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Tallgrass:  Model-specific decision policies
Model 1 

SB SB/KB KB Other

> 95% 1

80 – 95% 2 3 4

50 – 80% 5 6 7 8

20 – 50% 9 10 11 12

< 20% 13 14 15 16

SB SB/KB KB Other

> 95% 1

80 – 95% 2 3 4

50 – 80% 5 6 7 8

20 – 50% 9 10 11 12

< 20% 13 14 15 16

Rest

Hay

Graze

Burn

B/G

Objective Alternatives Models Utility

Model 2 

Model 3 
SB SB/KB KB Other

> 95% 1

80 – 95% 2 3 4

50 – 80% 5 6 7 8

20 – 50% 9 10 11 12

< 20% 13 14 15 16

Model 4 

SB SB/KB KB Other

> 95% 1

80 – 95% 2 3 4

50 – 80% 5 6 7 8

20 – 50% 9 10 11 12

< 20% 13 14 15 16

Optimize Decide AssessMonitor
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Tallgrass: Final Decision Policy

SB SB/KB KB Other

> 95% 1

80 – 95% 2 3 4

50 – 80% 5 6 7 8

20 – 50% 9 10 11 12

< 20% 13 14 15 16

Rest

Hay

Graze

Burn

B/G

Objective Alternatives Models Utility

 Best decision can make today given:
 Current state of the system
 Complete uncertainty among models (equal weights)
 Assuming partial control over management action

Optimize Decide AssessMonitor
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Decision Policies:  Tall & Mixed

Rest

Hay

Graze

Burn

B/G

Objective Alternatives Models Utility

Tall

Mixed

Optimize Decide AssessMonitor
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Monitoring

 Monitoring is designed specifically to assess the:
 Current state of prairie composition 

 Predictive abilities of alternative models

 Progress towards the  management objective

 Centralized database 
 Vegetation data

 Management action details

Objective Alternatives Models Utility Monitor Decide AssessOptimize

347

NPAM Third Annual Cooperator Meeting 
_________________________________________________

 
__________________________________________________

102 
___________________________________________________



NPAM Annual Cooperator Meeting, 16-17 February, 2011

Monitoring 
Objective Alternatives Models Utility Monitor Decide AssessOptimize

 Access database 
developed by Kevin 
McAbee & Todd 
Sutherland (FWS)

 Annually records
(1) management activity 
(2) prairie monitoring

 Interface enforces valid 
responses (e.g., pull-
down menus) and 
reduces chances of error

 Data are entered at each 
station and transmitted 
to a central site for 
integration
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Monitoring 
Objective Alternatives Models Utility Monitor Decide AssessOptimize

2008 Observation 2009 Observation

Mean SE Mean SE

Smooth brome 0.13 0.038 0.17 0.043

Kentucky bluegrass 0.42 0.048 0.29 0.044

Native prairie 0.43 0.057 0.53 0.061

2008 treatment Burn

Huron WMD, 
Slunecka Unit 3
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Decide, Predict, Implement

 Make a decision with respect to:
 Current Native Prairie state

 Current state of knowledge 

 Generate predictions of the outcome

 Carry out the management action

Objective Alternatives Models Utility Decide AssessOptimize Monitor
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Assessment – Monitor, Compare, Update
Objective Alternatives Models Utility AssessDecideOptimize Monitor

 How do we reduce uncertainty and improve our 
management?
1)  Monitor the outcome

2)  Compare model predictions to observed outcomes

3)  Update model weights (via Bayes Theorem)
 Greater agreement  increase in confidence weight

 Lesser agreement  reduction in confidence weight
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Assessment - Monitor, Compare, Update
Objective Alternatives Models Utility Assess

0.25 0.25 0.250.25

SB SB/KB KB Other

> 95% 1

80 – 95% 2 3 4

50 – 80% 5 6 7 8

20 – 50% 9 10 11 12

< 20% 13 14 15 16

SB SB/KB KB Other

> 95% 1

80 – 95% 2 3 4

50 – 80% 5 6 7 8

20 – 50% 9 10 11 12

< 20% 13 14 15 16

SB SB/KB KB Other

> 95% 1

80 – 95% 2 3 4

50 – 80% 5 6 7 8

20 – 50% 9 10 11 12

< 20% 13 14 15 16

SB SB/KB KB Other

> 95% 1

80 – 95% 2 3 4

50 – 80% 5 6 7 8

20 – 50% 9 10 11 12

< 20% 13 14 15 16

SB SB/KB KB Other

> 95% 1

80 – 95% 2 3 4

50 – 80% 5 6 7 8

20 – 50% 9 10 11 12

< 20% 13 14 15 16

SB SB/KB KB Other

> 95% 1

80 – 95% 2 3 4

50 – 80% 5 6 7 8

20 – 50% 9 10 11 12

< 20% 13 14 15 16

SB SB/KB KB Other

> 95% 1

80 – 95% 2 3 4

50 – 80% 5 6 7 8

20 – 50% 9 10 11 12

< 20% 13 14 15 16

SB SB/KB KB Other

> 95% 1

80 – 95% 2 3 4

50 – 80% 5 6 7 8

20 – 50% 9 10 11 12

< 20% 13 14 15 16

0.22 0.22 0.33 0.23

DecideOptimize Monitor
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Closing the AM loop:  
Updating system knowledge

Objective Alternatives Models Utility AssessDecideOptimize Monitor

 The Result
 Distinguish better models from poorer models              

(i.e., reduce uncertainty)

 Better models exert greater influence on next decision        
(via updated decision policy)

 Management performance is increased
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Iterative (annual) Cycle:  Managing & Learning

Assign/Update model weights

Recommend action 
(w.r.t. current resource state & 

knowledge state)

Select and carry out action

Predict responses to action by 
each model

Monitor resource state 
response

Region level

Unit level

Sept 1 –
Aug 31

Aug 31 

June – Aug
Due  Aug 25 

Aug 25 - 31
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Provided August 31, 2010

 An optimal decision policy table with the optimal 
decision for each of the 16 system states
 Two separate policies, one for mixed grass units and one for 

tall grass units

 A list of all management units with their:
 Grass type (mixed or tall)

 2010 composition (NP, SB, KB, Other)

 Associated system state (1-16)

 Recommended management decision based on the policy
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Benefits and Trade-Offs

 Benefits
 Maintain flexibility of management at the station scale

 Collective learning from “replication” across system

 Management improved locally and system-wide

 Trade-offs
 Flexibility  & Large Scales  Noise  Slower learning rate

 Learning occurs if stick to the framework
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What’s Been Happening Since August 31?

Part II: 

Changes to framework components 

for 2nd decision cycle 

and beyond…
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Part II:  Changes to Components

 Several meetings with the Science Team to discuss and 
modify changes to set-up phase components:
 Model sets

 State structure

 Utility

 Elicitation from the Cooperators to modify set-up phase 
component:
 Partial Controllability
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Part II:  Problems with the First Model Set

 Failed to capture major uncertainties

 No biological argument for the effect of Haying 

 Burn/Graze combination did not appear in the 

recommended policy for mixed-grass units

 Strings of the same management action could be 

recommended year-after-year

 Failed to acknowledge differences between mixed & tall 

 Back to the drawing board…
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Part II:  Modifying the Model Sets

 We asked:  What are the main driving questions that 
made this project come into existence?
1) What management action should I apply?

2) How often do I need to manage?

3) Does past management history (type and frequency) 
influence the effect of the current management action?

4) Is there a threshold of native prairie cover, below which 
management is not effective?

*These questions address the first problem of failing to capture the major uncertainties
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Mixed-Grass:  Alternative Mgmt Actions

 Modified the Menu of Alternative Management Actions
 Rest

 Graze

 Burn

 Burn/Graze

*Removing “Hay” as an alternative management action addressed the 
problem of not having a biological argument for its effect. 
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Mixed-Grass Model Set:  Model 1

 Model 1: Not State-Based
 Management decisions are not based on the current 

composition and are not invader specific 

 All forms of disturbance are equivalent and better than doing 
nothing, regardless of type and level of invasion
 Smooth Brome:  Burn/Graze = Burn = Graze > Rest

 Co-dominant:  Burn/Graze = Burn = Graze > Rest

 Kentucky Bluegrass:  Burn/Graze = Burn = Graze > Rest

*Example:  Following a policy to burn every 5 years
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Mixed-Grass Model Set:  Model 2

 Model 2:  State-Based
 Management decisions are based on the current composition 

and are invader specific 

 Smooth Brome:  Burn/Graze = Graze > Burn > Rest

 Co-dominant:  Burn/Graze > Burn = Graze > Rest

 Kentucky Bluegrass:  Burn/Graze = Burn > Graze > Rest

*Augmenting Burn/Graze effectiveness in co-dominant states addresses the problem 
of not getting Burn/Graze recommendations for mixed-grass units
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Mixed-Grass Model Set:  Model 3

 Model 3:  State-Based + Past Management
 Management decisions based on the current composition 

and invader specific 

 Past management history (type and frequency) influences 
the effect of current management actions

*Addition of the temporal element addresses problem of avoiding strings of the same 
management actions year-after-year
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Mixed-Grass Model Set:  Model 4

 Model 4: State-Based + Past Mgmt + Density Dependent
 Management decisions based on the current composition and 

invader specific 

 Past management history influences effect of current 
management action

 Management effectiveness decreases as the level of invasion 
increases.
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Mixed-Grass Model Set

 Model 1:  Not state-based

 Model 2:  State-based

 Model 3:  State-based + Past management

 Model 4:  State-based + Past management + Density 

dependence
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Mixed-Grass Model Set : Comparisons
 The comparison of the models focuses on the main 

questions:
 M1 vs M2: Does management need to be tailored to the type 

and level of invasion? (“What management should I apply?”)

 M2 vs M3: Does past mgmt influence the effect of the current 
mgmt action? (“What management should I apply and how often 
should I do it?”)

 M3 vs M4: Is the effectiveness of treatments density 
dependent? (“Is there a threshold?”)
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Tallgrass:  Driving Questions

 Same main driving questions as mixed-grass
1) What management action should I apply?

2) How often do I need to manage?

3) Does past management history (type and frequency) 
influence the effect of the current management action?

4) Is there a threshold of native prairie cover, below which 
management is not effective?

 With one additional question…
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Tallgrass – Timing of Management

 Timing of management within a management year –
the cool-season window
 spring window:  cool-season species active, warm-season 

species not yet active 
 e.g., smooth brome in 3-5 leaf stage 

 fall window:  cool-season species still active, warm-season 
species no longer active
 e.g., re-green up
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Management Window : known & unknown

 Management window
 “Known”:  Management applied within the window is more 

effective than management applied outside of the window

 Unknown:  If the window is missed, is it better to apply the 
management action outside of the window or do nothing 
and wait until the next window?
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Management Action:  known & unknown

 Effectiveness of Burning and Grazing
 “Known”:  Burning is more effective than Grazing against 

both types of cool-season invasive species

 Unknown:  Can Grazing be an effective surrogate for burning 
against smooth brome?
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Tallgrass:  Alternative Mgmt Actions

 Modified Menu of Alternative Management Actions
 Burn within window

 Graze within window

 Defoliate (Burn, Graze, Hay) outside of window

 Rest

*Assumption:  Management actions applied outside of the window 
(i.e., Burn, Graze, or Hay) are equally less effective.
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Tallgrass Model Set

 Model 1:  Not state-based, Outside window = rest

 Model 2:  Not state-based, Outside window > rest

 Model 3:  State-based, Outside window > rest

 Model 4:  State-based, Outside window > rest,           
Past management

 Model 5:  State-based, Outside window > rest,              
Past management, Density dependence
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Tallgrass Model Set : Comparisons
 Model comparisons focus on the main questions, plus 

the tallgrass-specific question:
 M1 vs M2: Is management outside of the window better than 

doing nothing?

 M2 vs M3:  Is Grazing a viable option for managing against 
smooth brome? (“What management should I apply?”)

 M3 vs M4: Does past mgmt influence current mgmt action?  
(“What management should I apply and how often should I do it?”)

 M4 vs M5: Does management effectiveness decline with 
increased invasion? (“Is there a threshold?”)
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Differences between Mixed & Tall Models

 State-based Management:  what is most effective
 Mixed:  

 Burn KB 

 Graze SB 

 Burn/Graze co-dominant SB & KB

 Tall:  
 Burn KB

 Burn or Graze SB
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Differences between Mixed & Tall Models

 Timing of management within a season
 Mixed:  Not addressed

 Tall:  Addressed with cool-season window

 Different menu of alternative mgmt actions

 Additional model in model set
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Part II:  Modifying Utility & State Structure
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Part II:  Modifying Utility & State Structure
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Part II:  Modifying Partial Controllability

 Elicitation exercise sent to managers/biologist of all 19 
complexes (October 2010)

 Respond per each management unit

 Sample size
 Mixed:  12 complexes; 81 units

 Tall:  9 complexes; 39 units
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Part II:  Modifying Partial Controllability

Tall

Mixed
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Part II:  Between now and August 31, 2011

 Continue to finalize framework components
 Develop model details beyond conceptual stage

 Finalize partial controllability

 Re-optimize, generate decision policies

 Update new models with 2010 and 2011 data

 Provide recommended management actions – August 
31, 2011 – based on modified framework components
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Homestretch:  Tasks to finish

 Make necessary changes to database

 Make automated software to do annual:
 Data “roll-up”

 Model updating 

 Recommended management actions

 Write protocol notebook for all aspects of the project

 Hand-off meeting
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Native Prairie Adaptive Management Team

 USFWS
 Science Team:  Kim Bousquet, Pauline Drobney, Vanessa 

Fields, Bridgette Flanders-Wanner, Todd Grant, Sara Vacek

 Database:  Kevin McAbee, Todd Sutherland, Justin Dupey

 All Refuge Cooperators 

 USGS
 Terry Shaffer, Clint Moore, Jill Gannon
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Native Prairie Adaptive Management Project 
Hand-Off Meeting & Fourth Annual Cooperator Meeting 

29 November – 1 December 2011 
Jamestown, ND 

 
We held the cooperator hand-off meeting (also the fourth annual cooperator meeting) 29 
November – 1 December 2011.  This meeting was preceded by the project kick-off meeting in 
July 2008, the second annual meeting in October 2009, and the third annual meeting in February 
2011. The meeting was attended by 43 individuals, including 30 Service Refuge personnel, 5 
USGS personnel, and 8 special guests (see attached attendee list). The Service individuals 
included refuge biologists and managers from Regions 3 and 6 throughout the Prairie Pothole 
Region who are involved in the NPAM project.   
 
Primary objectives of the meeting were to review the (1) overall project 3-yr plan and 
accomplishments to date, (2) 2010 – 2011 vegetation and management data, (3) ancillary studies, 
(4) components of the adaptive management framework used to derive the 2012 management 
year recommendations, (5) new centralized database, (6) implementation phase, (7) cooperator 
resources, and (8) tallgrass phenology and windows. 
 
What follows is a synopsis of the 3-day meeting, including the agenda, attendee list, notes, and 
PDF versions of the PowerPoint presentations.  
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Native Prairie Adaptive Management Hand-Off Meeting 
November 29 – December 1, 2011 

Jamestown, North Dakota 
AGENDA 

____________________________________________________________________________ 
Objectives are to review the following: 

1. The project: 3-yr plan, accomplishments to date, what remains to complete 
2. 2010 - 2011 monitoring data  
3. Ancillary work 
4. Components of the decision framework 
5. New centralized database 
6. Implementation phase 
7. Cooperator Resources 
8. Tallgrass phenology and windows 

_____________________________________________________________________________________ 
 
Day 1:  Tuesday, November 29, 2011  
 
12:00 PM – 1:30 PM:  Welcome and Overview 

 Welcome and Introductions (Terry) 
 Overview of the project:  3-year timeline, development and implementation phases, 

accomplishments to date (Terry, Clint) 
 
1:30 PM – 2:15 PM:  Overview of 2010 - 2011 results (Cami, Justin) 

 Vegetation monitoring 
 Flooded transects 

 
2:15 PM – 2:45 PM:  Break (30 min) 
 
2:45 PM – 3:30 PM:  Overview of 2010 - 2011 results (Cami, Justin) 

 Management implementation 
 
3:30 PM – 4:30 PM:  Ancillary work 

 Larry Igl bird study 
 Shawn DeKeyser Kentucky bluegrass study 

 
4:30 – 5:00 PM:  General Discussion 
 
5:00 PM:  Adjourn 
_____________________________________________________________________________________ 
 
Day 2:  Wednesday, November 30, 2011  
 
8:00 AM – 10:00 AM:  Elements of the Decision Framework (Jill) 

 Objectives, Alternatives, Resource state, Model Set, Utility, Partial Controllability, Optimization, 
Updating 

 
10:00 AM – 10:30 AM:  Break (30 min) 
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10:30 AM – 12:00 PM:  Centralized Database (Sarah Jacobi) 
 
12:00 PM – 1:00 PM:  Lunch (1 hour) 
 
1:00 PM – 2:00 PM:  The Road Ahead:  Coming years -- roles, timeline, how this all works going 
forward (Clint, Terry, Cami) 

 USGS activities 
 FWS responsibilities 
 Advisory group 

 
2:00 PM – 2:30 PM:  The Road Ahead:  Far view (Clint, Terry) 

 Role for state-based decision making  
 Double-loop learning 

 
2:30 PM – 3:00 PM:  Break (30 min) 
 
3:00 PM – 4:00 PM:  Cooperator Resources  

 SharePoint site description (Jen) 
 Protocol Notebook (Cami, Jill) 

 
4:00 PM – 4:30 PM:  NPAM as a model for other conservation efforts (Melinda, Soch, Clint) 
 
4:30 PM – 5:00 PM:  General Discussion 
 
5:00 PM:  Adjourn 
_____________________________________________________________________________________ 
 
Day 3:  Thursday, December 1, 2011  
 
8:00 AM – 9:30 AM:  Wrap Up & Discussion  

 Concerns/Questions 
 
9:30 AM – 10:00 AM:  Break (30 min) - opportunity for mixed-grass cooperators to depart before 
tallgrass focused session. 
 
10:00 AM – 12:30 PM:   Tallgrass Phenology and Windows (Cami, Sara, Jill) 

 Phenology User Guide 
 Management associated phenology 
 Window Watcher phenology 
 Management Action Classification Rules 

 
12:30 PM:  Adjourn 
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NPAM USGS_FWS Handoff Meeting, November 2011.  Attendee List

Name Affiliation Location

Paulette Scherr USFWS, NWRS Arrowwood, ND

Stacy Whipp USFWS, NWRS Arrowwood, ND

Todd Frerichs USFWS, NWRS Audubon, ND

Lindy Garner USFWS, R6 Invasive Spp Benton Lake, MT

Vanessa Fields USFWS, NWRS Benton Lake, MT

Kim Bousquet USFWS, NWRS Big Stone, MN

Kristin Fritz USFWS, NWRS Big Stone, MN

Jessica Larson USFWS, NWRS Bowdoin, MT

Cami Dixon USFWS, NWRS Chase Lake, ND

Char Binstock USFWS, NWRS Chase Lake, ND

Andy Jewett USFWS, NWRS Des Lacs, ND

Jennifer Zorn USFWS, NWRS Des Lacs, ND

Mark Fisher USFWS, NWRS Devils Lake, ND

Roger Hollevoet USFWS, NWRS Devils Lake, ND

Brent Jamison USFWS, NWRS Huron, SD

Justin Dupey USFWS, NWRS Huron, SD

Chris Swanson USFWS, NWRS Kulm, ND

Mick Erickson USFWS, NWRS Kulm, ND

Mike Rabenberg USFWS, NWRS Long Lake, ND

Brian Salem USFWS, NWRS Lostwood, ND

Scott Williams USFWS, NWRS Lostwood, ND

Kyle Kelsey USFWS, NWRS Madison, SD

Bruce Freske USFWS, NWRS Morris, MN

Sara Vacek USFWS, NWRS Morris, MN

Pauline Drobney USFWS, NWRS Neal Smith, IA

Frank Durbian USFWS, NWRS Souris River Basin, ND

Todd Grant USFWS, NWRS Souris River Basin, ND

Kristine Askerooth USFWS, NWRS Tewaukon, ND

Laura Hubers USFWS, NWRS Waubay, SD

Todd Hauge USFWS, NWRS Windom, MN

Clint Moore USGS Patuxent, GA

Jill Gannon USGS NPWRC, GA

Larry Igl USGS NPWRC, ND

Terry Shaffer USGS NPWRC, ND

Tom Buhl USGS NPWRC, ND

Sarah Jacobi Chicago Botanic Garden Chicago, IL

Amy Ganguli NDSU Fargo, ND

Lauren Denhardt NDSU Fargo, ND

Shawn Dekeyser NDSU Fargo, ND

Melinda Knutson USFWS, Biological Monitoring Team LaCrosse, WI

Socheata Lor USFWS, R6 I&M Coordinator Denver, CO

Mike Olson USFWS, PPP LCC, Science Coordinator Bismarck, ND

Rick Nelson USFWS, PPP LCC, Coordinator Bismarck, ND
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Meeting Notes 
 
Day 1:  Tuesday, November 29, 2011  
 
Welcome and Overview 

 See pdf of this presentation  
 
Overview of 2010 ‐ 2011 results  

 Cami presented summary of plant associations for all management units 
o See pdf of her presentation for these results. 

 Guidance for flooded transects   
o Use ‘‐9’ code when the transect is inaccessible and no data is collected 
o If transect is fairly recently or shallowly flooded, and you can still identify the plant 

association, use the appropriate code (e.g., meadow with 4 inches of water, where 
the meadow association is identifiable would be coded as ‘46’ (ND) or ‘23’ (SD)). 

o Use code ‘47’ (ND) or ‘24’ (SD) for open water/wetland when there is a true wetland 
plant community or there is open water but no other plant association can be 
identified.   

o It is natural for wetlands to expand and contract with weather/climate conditions, so 
a plot or transect that was a prairie code in one year may be a wetland code in 
another year, and vice versa.  Cami, Justin, and Jennifer will identify transects that 
are dominated by wetland/open water in consecutive years and work with 
cooperators to replace these transects with new transects. 

 Workshops 
o Very important that a permanent biologist/manager come with seasonal technicians 

to these training workshops each year. 
 
Ancillary work 

 Larry Igl Presentation 
o Used Region 6 mixed grass sites, >50 ha = 57 NPAM management units 
o Adding tallgrass sites this year 

 Lauren Denhardt Presentation 
o 285 registered cultivars of KY bluegrass, in 12 classes, 14 populations 
o Knowing which populations we have is a first step to more effective management – 

know your enemy 
o 99% of reproduction is new tiller formation 

 Shawn DeKeyser Presentation 
o Interested in patch diversity – patchiness in plant communities – increase in number 

and type of patches leads to an increased complexity and diversity at a site 
o Wants to assess NPAM treatments but also more novel management (e.g. mob 

grazing) 
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 Amy Ganguli Presentation 
o Looking at abiotic features that may influence management effects – e.g., how does 

KB modify the fuel bed and how does that impact fire behavior and effects 
o KB slicks develop a duff layer (organic layer in the soil) that is unique in prairie 

ecosystems.  The duff layer is hydrophobic and inhibits germination of some forbs.  
Need a very hot fire to burn into that KB duff layer, meaning most of our burns are 
not actually solving that problem 

o Grass generally does not combust, it desiccates.  Because our fires are not hot 
enough to affect KB, the effects we see are more likely due to indirect impacts on 
the rest of the plant community 

 
 
Day 2:  Wednesday, November 30, 2011  
 
Elements of the Decision Framework  

 See pdf of this presentation 

 Adaptive Management:  The value of learning is in how it informs to improve 
management 

 
Centralized Database 

 We contracted with Eric Lonsdorf, Sarah Jacobi, and Victoria Hunt to make 
improvements to the Access Database for the 2011 monitoring year (completed by 
Sarah Jacobi) and to create a centralized version of the database to replace the 
distributed Access database for the 2012 monitoring year (Victoria Hunt). 

 The centralized database was created and continues to be worked on by Victoria Hunt 
of Lincoln Park Zoo. 

 Sarah Jacobi, of Chicago Botanic Garden, walked through the new centralized NPAM 
database, which NPAM cooperators will be using in place of the distributed Access 
database starting this coming monitoring season (2012). 

 The centralized database will be housed on a DOI SharePoint site. 

 Jennifer Zorn will be sending official invitations to access this SharePoint site when it is 
complete (probably February 2012). 

 The centralized database contains the same fields as the Access database and matches it 
in appearance as closely as possible 

 It addition to containing fields for data entry, the centralized database will contain 
summary buttons to summarize NPAM data by management unit and by complex.  
Currently it summarizes by each plant code and by a 10‐code summary. 

o The Science Team is still soliciting feedback as to the final summaries that will be 
available. 

 The centralized database is still be worked on to ensure efficiency and quality of data 
entry. 

 The centralized database is planned to be complete in March 2012. 
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o We have contracted with Victoria Hunt through the 2012 fiscal year so that any 
necessary changes/improvements can be worked on. 
 

The Road Ahead:  Coming years (roles, timeline, how this all works going forward) and far view  

 See pdf of this presentation 
 
Cooperator Resources  

 Jennifer Zorn discussed a DOI SharePoint site that she has created as a resource for 
NPAM cooperators. 

 The site is intended to be a “one stop shop” for cooperators that will include resources 
such as: 

o The new centralized database 
o User Guides (e.g., database, grass utilization, phenology) 
o Datasheets (e.g., field vegetation monitoring sheet, management action sheet, 

phenology sheets) 
o Protocols (e.g., belt‐transect method) 
o Protocol Notebook 
o Meeting notes and presentations 
o Associated materials, such as presentations, publications, related literature 
o Frequently Asked Questions and Answers 
o Discussion threads 

 Jen will be sending official invitations to cooperators to access this site in February 2012. 

 Jill introduced the Protocol Notebook and reviewed its table of contents (see pdf of this 
presentation for table of contents) 

o The Protocol Notebook will be available on the DOI SharePoint site 
o The Protocol Notebook provides procedural and protocol guidance for all 

operations of NPAM 
o It is intended as a comprehensive “go to” guide for FWS cooperators and other 

interested parties 
o It is a living document that will be revised as necessary 

 
NPAM as a model for other conservation efforts  

 Clint reviewed NPAM visibility (e.g., presentations, publications) 
o See pdf of this presentation 

 Soch Lor and Melinda Knutson spoke regarding the great example NPAM is for other 
conservation efforts 

 
 
Day 3:  Thursday, December 1, 2011  
 
Tallgrass Phenology and Windows 

 See pdf of this presentation 

395
NPAM Hand-Off and Fourth Annual Cooperator Meeting 
______________________________________________

 
___________________________________________________

6 
___________________________________________________



NPAM Cooperators Meeting, Jamestown ND, 29 Nov-1 Dec 
2011

Native Prairie Adaptive 
Management
Project Overview
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NPAM Cooperators Meeting, Jamestown ND, 29 Nov-1 Dec 
2011

Outline

 USGS-USFWS Refuge Cooperative Research 
Program (RCRP)

 NPAM Project
 Background
 Description
 Timeline
 Hand-Off

 Concepts of Structured Decision Making and 
Adaptive Management
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NPAM Cooperators Meeting, Jamestown ND, 29 Nov-1 Dec 
2011

Refuge Cooperative Research 
Program
 What is the RCRP?
 Management/Research partnership between USFWS 

and USGS

 RCRP Goal
 Facilitate science-based management on National 

Wildlife refuges

 RCRP Focus
 Adaptive management
 Multi-refuge, multi-region problems
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NPAM Cooperators Meeting, Jamestown ND, 29 Nov-1 Dec 
2011

Adaptive Management
Learning valued to the extent that it improves management

Research Managemen
t

Focus on learning Focus on 
outcomesAdaptive Management

Focus on outcomes, on a
path illuminated by 

learning
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NPAM Cooperators Meeting, Jamestown ND, 29 Nov-1 Dec 
2011

RCRP Projects

 Timing of impoundment drawdowns
 Prescribed burning in emergent marshes
 National Marsh Bird Monitoring Program
 Control of reed canary grass
 Native prairie management
 Assessment of salt marsh integrity
 Optimal monitoring of wetlands under climate 

variability
 National assessment of impaired water bodies
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NPAM Cooperators Meeting, Jamestown ND, 29 Nov-1 Dec 
2011

RCRP Review
La Crosse WI, October 2010

 Program leaders and RCRP project teams 
gathered to review projects, RCRP program, 
and future of RCRP

 NPAM was cited as an exemplary program of 
what RCRP was intended to deliver
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NPAM Cooperators Meeting, Jamestown ND, 29 Nov-1 Dec 
2011

Native Prairie Adaptive Management 
(NPAM) Project
 Background
 “Brome Summit”, July 2006
 Dakotas-MT Prairie Inventory, 2006-2008
 Minnesota

 Grassland Monitoring Program, 2007-ongoing
 Adaptive Management Consultancy – MN Grasslands, 2007

 Grant et al. “Emerging Crisis” paper in Ecological 
Restoration, 2009
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NPAM Cooperators Meeting, Jamestown ND, 29 Nov-1 Dec 
2011

Native Prairie Adaptive Management 
(NPAM) Project
 Funded in 2008
 Team:

 Terry Shaffer & Clint Moore, USGS co-PIs
 Jill Gannon, USGS post-doc
 FWS Science Team

 Dixon, Bousquet, Drobney, Fields, Flanders-Wanner, Grant, 
Vacek

 Database Team
 FWS:  Zorn, Dupey, McAbee, Sutherland
 CBG & LPZ:  Jacobi, Hunt, Lonsdorf

 FWS Refuge Cooperators
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NPAM Cooperators Meeting, Jamestown ND, 29 Nov-1 Dec 
2011

Native Prairie Adaptive Management 
(NPAM) Project
 A USGS-FWS collaboration to develop an 

adaptive management framework that will help 
guide and inform FWS efforts to address 
invasive plant issues on native prairies
 Collaboration across multiple refuges and regions
 Management guidance targeted to real-time 

conditions
 Assess the effectiveness of various control methods 

and systematically reduce management uncertainty 
over time
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NPAM Cooperators Meeting, Jamestown ND, 29 Nov-1 Dec 
2011

NPAM
Outcomes of 2008 Kick-off Meeting

 The Problem
 Loss of native prairie to cool-season invasive grasses smooth 

brome and Kentucky bluegrass

 Area of focus
 Native sod on Service-owned lands across the Prairie 

Pothole Region in USFWS Regions 3 and 6

 Objective
 Increase native composition while minimizing cost
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NPAM Cooperators Meeting, Jamestown ND, 29 Nov-1 Dec 
2011

NPAM
Outcomes of 2008 Kick-off Meeting

 Management Alternatives
 Prescribed Fire
 Graze
 Fire and Graze Combination
 Hay
 Rest

 Central Uncertainty
 Which is the appropriate management action given the 

current state and conditions?

 Management Cycle
 Decisions will be made on an annual basis - annual 

treatments and monitoring
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NPAM Cooperators Meeting, Jamestown ND, 29 Nov-1 Dec 
2011

NPAM
Outcomes of 2008 Kick-off Meeting

 Information to be pursued within the constraints and 
abilities of the participating NWR/WMDs
 No experimental design to be imposed 
 No impractical management treatments to be considered
 No excessive or unfamiliar monitoring methods to be 

introduced

 Preserve the manager’s decision making flexibility
 Managers will make final decisions on management 

prescriptions after considering recommendations, 
management constraints, and unique circumstances
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NPAM Cooperators Meeting, Jamestown ND, 29 Nov-1 Dec 
2011

NPAM
Annual Decision Cycle

Aug 25 –
Aug 31

Initial 
Monitoring

Compare and 
update model 

weights

Monitor 
outcome

Select & apply 
management 

action

Look up 
optimal policy 
and best action

Iterative 
Cycle

Aug 25

Aug 31

Sept 1 – Aug 
31

July - Aug 
Due Aug 25 Gannon et al. 2011
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NPAM Cooperators Meeting, Jamestown ND, 29 Nov-1 Dec 
2011

NPAM
Expected Benefits

 Optimal recommended management action for each 
management unit based on current prairie state, each 
year
 A focus for monitoring

 Reduction of uncertainty over time and progressive 
improvement in management
 A focus for monitoring

 Spirit of purpose in cooperating across refuge 
boundaries to collectively pursue conservation 
outcomes
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NPAM Cooperators Meeting, Jamestown ND, 29 Nov-1 Dec 
2011

Native Prairie Adaptive Management 
(NPAM) Project
 Beyond 2011?  FWS!
 An FWS coordinator will take on several duties:

 Managing the treatment, monitoring, and data uploading 
activities

 Updating decision models and returning recommended 
management actions to cooperators

 Assisting cooperators as needed

 Refuge cooperators continue:
 Monitoring
 Data entry and uploading
 Carrying out management actions
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NPAM Cooperators Meeting, Jamestown ND, 29 Nov-1 Dec 
2011

Native Prairie Adaptive Management 
(NPAM) Project
 Accomplishments
 Assembled a motivated team to develop framework

 Cooperator consensus on:
 Fundamental management objective
 Alternative actions (the “treatment menu”)
 Elements of the action / monitoring / data management / 

decision recommendation cycle
 Science Team input on technical issues:

 Model set
 Utility function
 Partial control of actions
 Protocols and guidelines
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NPAM Cooperators Meeting, Jamestown ND, 29 Nov-1 Dec 
2011

Native Prairie Adaptive Management 
(NPAM) Project
 Accomplishments
 Enrollment of 120 prairie units at 19 stations
 Three successful seasons of belt-transect monitoring
 Development of a data entry interface and database
 Completion and implementation of a functional 

adaptive management framework
 Generated a management recommendation for each unit in 

2010 & 2011 based on current prairie composition
 Uses feedback from monitoring to adjust future 

management
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NPAM Cooperators Meeting, Jamestown ND, 29 Nov-1 Dec 
2011

Concepts of Structured Decision 
Making and Adaptive 

Management
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NPAM Cooperators Meeting, Jamestown ND, 29 Nov-1 Dec 
2011

Structured Decision Making 
(SDM)
 An approach to decision making that breaks a 

difficult problem into component elements
 Identifies and separately treats 2 distinct issues:

 Science and understanding (how the system works)
 Objectives (what we want out of the system)

 Components are easier to work on in isolation
 Pieces are re-integrated to produce a decision
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NPAM Cooperators Meeting, Jamestown ND, 29 Nov-1 Dec 
2011

SDM components

 A set or range of decision alternatives
 The “menu” of possible actions

 A decision objective
 Value of each possible outcome to each possible 

action
 Usually, a personal or societal value

 A prediction of outcome for each action
 Provided by a model

 A measurement of resource state or condition
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NPAM Cooperators Meeting, Jamestown ND, 29 Nov-1 Dec 
2011

 Decision alternatives
 Prediction of outcome under each decision
 Valuation of outcomes
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Structured Decision Making
Example: Construction of a Conservation Reserve

417
NPAM Hand-Off and Fourth Annual Cooperator Meeting 
______________________________________________

 
___________________________________________________

28 
___________________________________________________



NPAM Cooperators Meeting, Jamestown ND, 29 Nov-1 Dec 
2011

Structured Decision Making

 Conservation reserve problem is a single (one-
off) decision

 But many (most?) natural resource problems 
involve sequential decisions
 Recurrent decisions

 Dynamic (linked) systems
 e.g., harvest, invasive species control, releases of animals

 Replicative decisions
 Collection of unlinked, one-time decisions

 e.g., sequential removal of dams in a watershed
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NPAM Cooperators Meeting, Jamestown ND, 29 Nov-1 Dec 
2011

What makes decision making difficult?

 Determining scope, context, structure of decision
 Inability to assign values to outcomes

 Stakeholder disagreement over objectives
 Uncertainty about consequences of decision

 Uncertainty or dispute about the question:  “How does the 
system respond on average to an action?”
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NPAM Cooperators Meeting, Jamestown ND, 29 Nov-1 Dec 
2011

Cycle of decision making under AM
Weight models

Assign or re-assign 
confidence weights to each 

model

Select action
Choose an action from the 

menu, influenced by relative 
weights assigned to models

Implement action
Carry out the selected action, 

or something else from the 
menu

Predict outcome
Obtain the outcome predicted 
by each model for the action 

implemented

Monitor response
Measure the actual outcome, 
and judge relative predictive 
performance of the models

“Closing the Loop”
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NPAM Cooperators Meeting, Jamestown ND, 29 Nov-1 Dec 
2011

Recap

 AM is a form of Structured Decision Making
 Objectives – Where do we want to go?
 Action menu – What means do we have to take us there?
 Competing models – What are possible consequences of an 

action?
 Confidence weights – Which model(s) should influence 

decision? 
 Monitoring – How do we referee among competing 

models?
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NPAM Cooperators Meeting, Jamestown ND, 29 Nov-1 Dec 
2011

Questions?
Weight models

Assign or re-assign 
confidence weights to each 

model

Select action
Choose an action from the 

menu, influenced by relative 
weights assigned to models

Implement action
Carry out the selected action, 

or something else from the 
menu

Predict outcome
Obtain the outcome predicted 
by each model for the action 

implemented

Monitor response
Measure the actual outcome, 
and judge relative predictive 
performance of the models

“Closing the Loop”
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U.S. Fish & Wildlife Service

National Wildlife Refuge System

Native Prairie Adaptive Management Project

2011 Monitoring & Management Results

November 29, 2011
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U.S. Fish & Wildlife Service

National Wildlife Refuge System
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U.S. Fish & Wildlife Service

National Wildlife Refuge System

Background & Coordination
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U.S. Fish & Wildlife Service

National Wildlife Refuge System
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U.S. Fish & Wildlife Service

National Wildlife Refuge System

Details of Project Area
• 4 States
• 2 FWS Regions
• 19 Cooperating Stations
• 122 Management Units 

• 10,347 Acres 
• 2219 Belt-Transects

• 114,950 data points
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U.S. Fish & Wildlife Service

National Wildlife Refuge System

Unit Size
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U.S. Fish & Wildlife Service

National Wildlife Refuge System
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U.S. Fish & Wildlife Service

National Wildlife Refuge System

Veg Summary - Background
MN, MT, ND SD
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U.S. Fish & Wildlife Service

National Wildlife Refuge System

Veg Summary - Background
Native Prairie (NP): NP is dominant  or >50%

– Stations using North Dakota  List‐ 41, 42 ,43, 48, 49, 53, 63, 73, 76
– Stations using South Dakota List‐ 21,22,23,25

Smooth Brome (SB): SB is dominant  or >50%
– Stations using North Dakota  List‐ 61,62
– Stations using South Dakota List‐ 41

Kentucky Bluegrass (KB): KB is dominant  or >50%
•Stations using North Dakota  List‐ 51,52
•Stations using South Dakota List‐ 31

Remainder(RM): Includes everything else not mentioned above
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U.S. Fish & Wildlife Service

National Wildlife Refuge System
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Mixed Grass Prairie Tall Grass Prairie
Chart displays proportions of Native Prairie (NP), Smooth Brome (SB), Kentucky Bluegrass (KB), and Remainder (RM) of Mixed‐Grass  and 
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U.S. Fish & Wildlife Service

National Wildlife Refuge System

Veg Summary
• More detailed composition across project area…

– Native Grass-Forbs, Kentucky bluegrass, Smooth brome, Quack, Crested 
wheat, Reed Canary, Other, Noxious weeds, Low shrubs, Tall shrubs/trees
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U.S. Fish & Wildlife Service

National Wildlife Refuge System
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U.S. Fish & Wildlife Service

National Wildlife Refuge System

Veg Summary – Thinking Long-term
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U.S. Fish & Wildlife Service

National Wildlife Refuge System
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U.S. Fish & Wildlife Service

National Wildlife Refuge System

Monitoring Issues
• Wetland Codes

– Use for true wetland veg zones (e.g. wet meadow – 46 
(ND); 23 (SD)

• Low Prairie Areas Temporarily Inundated
– Leave as -9 as you enter rest of transect in database
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U.S. Fish & Wildlife Service

National Wildlife Refuge System

Monitoring Issues

Unit Monitoring_Year .5 meter plots under water

Woodworth Station Unit 7- 5 2009 37

Woodworth Station Unit 7- 5 2010 29

Woodworth Station Unit 7- 5 2011 34
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U.S. Fish & Wildlife Service

National Wildlife Refuge System

Monitoring Issues
• Slope and aspect data

– Slope - use clinometer
– Aspect – use compass
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U.S. Fish & Wildlife Service

National Wildlife Refuge System

Monitoring Issues
• Start & End Points of Transects

– Start at same end of transect each 
year (i.e. X1, Y1 coordinates)

449
NPAM Hand-Off and Fourth Annual Cooperator Meeting 
______________________________________________

 
___________________________________________________

60 
___________________________________________________



U.S. Fish & Wildlife Service

National Wildlife Refuge System

450
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U.S. Fish & Wildlife Service

National Wildlife Refuge System

Training Sessions
• Field Workshops (2)
• Database Webinars (3)
• Basic Veg Identification (2)
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U.S. Fish & Wildlife Service

National Wildlife Refuge System

Break

452
NPAM Hand-Off and Fourth Annual Cooperator Meeting 
______________________________________________

 
___________________________________________________

63 
___________________________________________________



U.S. Fish & Wildlife Service

National Wildlife Refuge System

Management Implementation
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U.S. Fish & Wildlife Service

National Wildlife Refuge System

Management Implementation
Org Unit Year Mgmt

Restriction

2012 
Recommended 
Management 

Action

ARROWWOOD NWR G14 Pasture 1 2011 None Rest

ARROWWOOD NWR G14 Pasture 2 2011 None Rest

ARROWWOOD NWR G26 Paddock 1 2011 None Graze

ARROWWOOD NWR G26 Paddock 2 2011 None Rest
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U.S. Fish & Wildlife Service

National Wildlife Refuge System
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U.S. Fish & Wildlife Service

National Wildlife Refuge System

Management Implementation
• Possible Reasons Mgt not Implemented:

– Graze – too wet, no cooperators, fencing 
issues

– Burn – internal miscommunications, 
weather, too wet, insufficient fuels

– Other – Please provide input
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U.S. Fish & Wildlife Service

National Wildlife Refuge System

Questions & Discussion
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NPAM Hand-Off Meeting, Jamestown ND, November 29 – December 1,  2011

Native Prairie Adaptive Management  
Hand-Off Meeting

November  29 – December 1, 2011

Components of the Adaptive Management 
Framework
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NPAM Hand-Off Meeting,  Jamestown ND, November 29 – December 1, 2011

Decision Cycles
 2008 – 2009 (pilot year)
 Recruited cooperators

 First season of data collection (veg, mgmt)

 Monitoring not used to inform decision making  (i.e., 
management recommendations not provided)

 2009 – 2010 (provisional AM framework)
 Second season of data collection 

 Monitoring informed first round of management guidance 
under provisional models – models equally weighted 
 Recommendations based on first version of AM framework
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NPAM Hand-Off Meeting,  Jamestown ND, November 29 – December 1, 2011

Decision Cycles

 2010 – 2011 (updated AM framework)
 Third season of data collection

 Monitoring informed second round of management 
guidance under current models – models weighted 
according to relative credibility
 Recommendations based on updated version of AM framework and, 

for mixed-grass units, updated model weights based on two 
updating cycles (2009|2010 and 2010|2011).
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NPAM Hand-Off Meeting,  Jamestown ND, November 29 – December 1, 2011

Updates to AM Framework Components

 Between 2010 and 2011, we modified several aspects 
of the adaptive management framework
 Management alternatives 

 State structure 

 Model set 

 Utility function

 Partial controllability

 Modifications were based on feedback and continual 
input from the Science Team, and input from 
cooperators
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NPAM Hand-Off Meeting,  Jamestown ND, November 29 – December 1, 2011

AM Framework Components 
Set-up Phase

 Objective
 Decision Alternatives
 Alternative Models
 Utility Function
 Optimization
 Monitor (initial)

Iterative Phase
 Decision Policy
 Management Action
 Monitor
 Assess & Update

Objective Alternatives Models Utility Optimize Manage AssessMonitorPolicyMonitor
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NPAM Hand-Off Meeting,  Jamestown ND, November 29 – December 1, 2011

Differences between Mixed and Tallgrass

 Biology of the systems
 Predominance of cool-season versus warm-season native 

species

 Available management options
 Access to cattle, Fuel load

 Approaches to implementing management
 Targeting cool-season windows (tallgrass)

 Management uncertainties
 Effectiveness of managing inside versus outside cool-season 

window (tallgrass)
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NPAM Hand-Off Meeting,  Jamestown ND, November 29 – December 1, 2011

Differences between Mixed and Tallgrass

 Developed the  AM framework components to be 
explicitly take the differences into account

 Resulted in different:
 Management alternatives

 Alternative model sets

 Utility function

 Partial controllability

 Optimization

 Decision Policies
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NPAM Hand-Off Meeting,  Jamestown ND, November 29 – December 1, 2011

Components of the AM Framework

Set-up Phase
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NPAM Hand-Off Meeting,  Jamestown ND, November 29 – December 1, 2011

Objective & Decision Alternatives

 Management objective
 Increase the cover of native grasses and forbs at the least cost

 Menu of management action alternatives
Mixed-Grass

 Rest

 Graze

 Burn

 Burn / Graze

Objective Alternatives Models Utility Optimize Manage AssessMonitor

Tallgrass

 Rest

 Graze within window

 Burn within window

 Defoliate 

PolicyMonitor
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NPAM Hand-Off Meeting,  Jamestown ND, November 29 – December 1, 2011

Mixed-Grass:  Alternative Mgmt Actions

 Modified the Menu of Alternative Management Actions
 Rest

 Graze

 Burn

 Burn/Graze

 Removed “Hay” as an alternative management action 
because we did not have a biological argument for its 
effect. 

Objective Alternatives Models Utility Optimize Manage AssessMonitorPolicyMonitor
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NPAM Hand-Off Meeting,  Jamestown ND, November 29 – December 1, 2011

Tallgrass:  Alternative Mgmt Actions

 Modified Menu of Alternative Management Actions
 Rest

 Graze within window

 Burn within window

 Defoliate:  Graze or Burn that occurs outside of the window or 
a Hay that occurs at anytime (inside or outside the window)

 New set of alternative actions was necessary to address 
uncertainty around the timing of management relative 
to cool-season windows

Objective Alternatives Models Utility Optimize Manage AssessMonitorPolicyMonitor
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NPAM Hand-Off Meeting,  Jamestown ND, November 29 – December 1, 2011

Tallgrass:  Cool-Season Window

 Time when cool-season invasive species are active and 
vulnerable to damage by management, but warm-season 
species are not active and thus avoid damage 

 Two windows within a management year:  timing varies by 
year and location and is defined by phenology
 fall window

 warm-season species have senesced

 cool-season invasive species are in fall green up

 spring window
 warm-season species are not yet active

 cool-season species are active (smooth brome in 5-leaf stage)

Objective Alternatives Models Utility Optimize Manage AssessMonitorPolicyMonitor
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NPAM Hand-Off Meeting,  Jamestown ND, November 29 – December 1, 2011

Tallgrass Alternative Mgmt Actions

 Database did not change 
 Still enter exactly what management action was implemented 

(i.e., rest, graze, burn, hay)

 Implemented actions are classified into one of the four 
alternative actions when data are processed each year
 Classification is based on timing of the implemented action 

relative to the cool-season window

 Specific classification rules will be discussed Thursday 

 Rules for defining the timing of the cool-season window will be 
discussed Thursday

Objective Alternatives Models Utility Optimize Manage AssessMonitorPolicyMonitor
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NPAM Hand-Off Meeting,  Jamestown ND, November 29 – December 1, 2011

Alternative Mgmt Actions - Summary

 How tallgrass actions differ from mixed-grass actions
 Recognize the timing of management relative to the timing 

of the cool-season window

 Why tallgrass actions differ from mixed-grass actions
 Distinct set of actions required to address uncertainty   

unique to tallgrass units regarding the effectiveness of 
management that is carried out inside the window versus 
outside the window

Objective Alternatives Models Utility Optimize Manage AssessMonitorPolicyMonitor
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NPAM Hand-Off Meeting,  Jamestown ND, November 29 – December 1, 2011

Vegetation State Structure
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Objective Alternatives Models Utility Optimize Manage AssessMonitorPolicyMonitor
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NPAM Hand-Off Meeting,  Jamestown ND, November 29 – December 1, 2011

Defoliation State Structure

 Based on a 7-year window of past management actions

 Two components:
 Defoliation level:  low, medium, high

 Years since last defoliated:  1, 2 - 4 , 5+

Objective Alternatives Models Utility Optimize Manage AssessMonitorPolicyMonitor

Defoliation Level

Low Med High

Years Since
Defoliation

5+ 1

2 – 4 2 3 4

1 5 6 7
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NPAM Hand-Off Meeting,  Jamestown ND, November 29 – December 1, 2011

Full State Structure

 Combining the vegetation state structure (16 states) 
and the defoliation state structure (7 states) we have  
16 x 7 = 112 possible discrete states that a unit can be 
in at any one time

Objective Alternatives Models Utility Optimize Manage AssessMonitorPolicyMonitor
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NPAM Hand-Off Meeting,  Jamestown ND, November 29 – December 1, 2011

Vegetation State Representation
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Objective Alternatives Models Utility Optimize Manage AssessMonitorPolicyMonitor
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NPAM Hand-Off Meeting,  Jamestown ND, November 29 – December 1, 2011

A Single Model
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Rest
low, med, high

Graze
low, med, high

A matrix for each management 
action (4) and each defoliation 
level (3)  12 matrices per model

Objective Alternatives Models Utility Optimize Manage AssessMonitorPolicyMonitor

Burn
low, med, high

Burn/Graze 
low, med, high

Graze w/in 
window

low, med, high

Burn w/in 
window

low, med, high

Defoliate 
low, med, high
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NPAM Hand-Off Meeting,  Jamestown ND, November 29 – December 1, 2011

Uncertainty and Decision Making

 Deciding which management action to apply each year  
is difficult due to uncertainty about behavior of the 
system
 Grazing will likely reduce smooth brome,                                   

but what effect will it have on Kentucky                         
bluegrass and native grasses?

+ or - ?

Objective Alternatives Models Utility Optimize Manage AssessMonitorPolicyMonitor
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NPAM Hand-Off Meeting,  Jamestown ND, November 29 – December 1, 2011

Structural Uncertainty:  Mixed-Grass
 Elicitation of Science Team to identify the ‘Big Fish’
 What is the appropriate management action given the 

current vegetation state?

 Does past management history influence the effect of the 
current management action?

 Is there a threshold of native cover below which 
management is not effective?

 Summarize these into three main areas of uncertainty
 Type of dominant invasive

 Past management defoliation history

 Level of invasion

Objective Alternatives Models Utility Optimize Manage AssessMonitorPolicyMonitor
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NPAM Hand-Off Meeting,  Jamestown ND, November 29 – December 1, 2011

Uncertainty and Alternative Models

 Goal of managing under an AM framework

 Reduce uncertainty so can make better decisions based on 
improved understanding of system behavior

 To do this, must explicitly represent uncertainties through 
alternative models 

 Models make different predictions about how we think the 
system (vegetation state) responds to different 
management actions
 Predictions revolve around three identified uncertainties:  

Invader type, Defoliation level, and Invasion level

Objective Alternatives Models Utility Optimize Manage AssessMonitorPolicyMonitor
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NPAM Hand-Off Meeting,  Jamestown ND, November 29 – December 1, 2011

Alternative Model Set:  Mixed-Grass
Objective Alternatives Models Utility Optimize Manage AssessMonitorPolicyMonitor
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NPAM Hand-Off Meeting,  Jamestown ND, November 29 – December 1, 2011

Mixed-Grass Model Set:  Model 1
 Not State-based

 Vegetation state (native cover and type of dominant 
invasive) is ignored when deciding among alternative 
management actions
 All forms of disturbance (Graze, Burn, Burn/Graze) are equally 

effective and better than doing nothing (Rest)

 Defoliation level (past management history) is ignored when 
deciding among management actions
 Used only to trigger some form of disturbance on a fixed 5-yr 

return cycle

Objective Alternatives Models Utility Optimize Manage AssessMonitorPolicyMonitor
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NPAM Hand-Off Meeting,  Jamestown ND, November 29 – December 1, 2011

Mixed-Grass Model Set: Model 2

 Invader Type

 Management actions are differentially effective given the 
type of dominant invasive
 Smooth brome:  Graze most effective

 Kentucky bluegrass:  Burn most effective

 Co-dominant:  Burn/Graze most effective

Objective Alternatives Models Utility Optimize Manage AssessMonitorPolicyMonitor
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NPAM Hand-Off Meeting,  Jamestown ND, November 29 – December 1, 2011

Mixed-Grass Model Set:  Model 3

 Invader Type and Defoliation Level

 Management actions are differentially effective given the 
type of dominant invasive
 Same as Model 2

 Defoliation level (past management history) influences the 
effect of the current management action on the resulting 
vegetation state

 A history of frequent defoliation creates momentum 
 Rest is less detrimental

 Active management is more effective

Objective Alternatives Models Utility Optimize Manage AssessMonitorPolicyMonitor
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NPAM Hand-Off Meeting,  Jamestown ND, November 29 – December 1, 2011

Mixed-Grass Model Set:  Model 4
 Invader Type, Defoliation Level, and Invasion Level
 Management actions are differentially effective given the 

type of dominant invasive
 Same as Model 2

 Defoliation level influences the effect of the current 
management action on the resulting vegetation state
 Same as Model 3

 Management effectiveness depends on the level of invasion
 Management effectiveness declines as the level of invasion 

increases

 At low levels of native cover, active management is no more 
effective than Rest

Objective Alternatives Models Utility Optimize Manage AssessMonitorPolicyMonitor
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NPAM Hand-Off Meeting,  Jamestown ND, November 29 – December 1, 2011

Structural Uncertainty:  Tallgrass
 Elicitation of Science Team to identify the ‘Big Fish’
 Same three uncertainties plus two additional 

uncertainties specific to tallgrass

 If can’t hit the window, is it better to apply the 
management outside the window or to Rest? 

 Can grazing be used as an effective surrogate for burning 
when smooth brome is the dominant invader?

Objective Alternatives Models Utility Optimize Manage AssessMonitorPolicyMonitor
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NPAM Hand-Off Meeting,  Jamestown ND, November 29 – December 1, 2011

Alternative Model Set:  Tallgrass
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Objective Alternatives Models Utility Optimize Manage AssessMonitorPolicyMonitor
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NPAM Hand-Off Meeting,  Jamestown ND, November 29 – December 1, 2011

Tallgrass Model Set

 Model 1:  Not State-based

 Vegetation state (native cover and type of dominant 
invasive) is ignored when deciding among alternative 
management actions
 Burn within window = Graze within window = Defoliate > Rest

 Model 2:  Invader Type
 Management actions are differentially effective given the 

type of dominant invasive
 Burn within window > Graze within window > Defoliate > Rest

 Same relationship, Different levels

Objective Alternatives Models Utility Optimize Manage AssessMonitorPolicyMonitor
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NPAM Hand-Off Meeting,  Jamestown ND, November 29 – December 1, 2011

Tallgrass Model Set

 Model 3:  Invader Type and Defoliation Level

 Management actions are differentially effective given the 
type of dominant invasive
 Same as Model 2

 Defoliation level (past management history) influences the 
effect of the current management action on the resulting 
vegetation state

 A history of frequent defoliation creates momentum 
 Rest is less detrimental

 Active management is more effective

Objective Alternatives Models Utility Optimize Manage AssessMonitorPolicyMonitor
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NPAM Hand-Off Meeting,  Jamestown ND, November 29 – December 1, 2011

Tallgrass Model Set
 Model 4: Invader Type, Defoliation Level, Invasion Level

 Management actions are differentially effective given the 
type of dominant invasive
 Same as Model 2

 Defoliation level influences the effect of the current 
management action on the resulting vegetation state
 Same as Model 3

 Management effectiveness depends on the level of invasion
 Management effectiveness declines as the level of invasion 

increases

 At low levels of native cover, active management is no more 
effective than Rest

Objective Alternatives Models Utility Optimize Manage AssessMonitorPolicyMonitor
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NPAM Hand-Off Meeting,  Jamestown ND, November 29 – December 1, 2011

Tallgrass Model Set:  Model 5
 Invader Type and Defoliation Level
 Same as Model 3 except with regards to Invader Type

 Management actions are differentially effective given the 
type of dominant invasive, but in a different way:

 Kentucky bluegrass and Co-dominant invaded
 Burn within window > Graze within window > Defoliate > Rest

 Smooth brome invaded
 Graze within window is equally effective as Burn within window

 Comparing Model 5 to Model 3 isolates the question:  Can 
grazing be used as an effective surrogate for burning when 
smooth brome is the dominant invader?

Objective Alternatives Models Utility Optimize Manage AssessMonitorPolicyMonitor
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NPAM Hand-Off Meeting,  Jamestown ND, November 29 – December 1, 2011

Tallgrass Model Set:  Model 6

 Invader Type and Defoliation Level
 Same as Model 3 except with regards to Invader Type

 Management actions are differentially effective given the 
type of dominant invasive, but in a different way:

 Burn within window > Graze within window > Defoliate = Rest

 Comparing Model 6 to Model 3 isolates the question :  If can’t hit 
the window, is it better to apply the management outside the 
window (Defoliate) or to Rest? 

Objective Alternatives Models Utility Optimize Monitor Manage AssessMonitorPolicy
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NPAM Hand-Off Meeting,  Jamestown ND, November 29 – December 1, 2011

Uncertainty and Alternative Models

 Mixed-Grass and Tallgrass model sets capture the main 
uncertainties that the Science Team identified

 Alternative models make different predictions about the 
consequences of applying different management actions

 Goal of managing under AM decision framework
 Learn about the system with respect to these models

 Reduce uncertainty about which models make better predictions

 Make better management decisions through time

Objective Alternatives Models Utility Optimize Manage AssessMonitorPolicyMonitor
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NPAM Hand-Off Meeting,  Jamestown ND, November 29 – December 1, 2011

Utility Function

 Describes what we want from the system through 
management

 Combines both aspects of the objective
 Expresses the balance between the value of having 

native prairie with the cost of achieving it

 Subjective expression of values – separate from 
beliefs about the behavior of the system (model set)

 Provides an annual measure of what the manager 
receives from the system for what he/she invests

Objective Alternatives Models Utility Optimize Monitor Manage AssessMonitorPolicy
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NPAM Hand-Off Meeting,  Jamestown ND, November 29 – December 1, 2011

60 - 100% 45 - 60% 30 - 45% 0 - 30%

60 - 100% 0.92 0.61 0.35 0.18

45 - 60% 0.95 0.75 0.51 0.29

30 - 45% 0.96 0.79 0.59 0.37

0 - 30% 0.97 0.82 0.64 0.44

Utility Function - Complete

Burn / GrazeGraze

DefoliateRest

Cost

Objective Alternatives Models Utility Optimize Monitor

60 - 100% 45 - 60% 30 - 45% 0 - 30%

60 - 100% 0.87 0.55 0.29 0.13

45 - 60% 0.90 0.69 0.43 0.21

30 - 45% 0.91 0.72 0.52 0.28

0 - 30% 0.92 0.75 0.56 0.36

60 - 100% 45 - 60% 30 - 45% 0 - 30%

60 - 100% 0.88 0.57 0.54 0.14

45 - 60% 0.91 0.70 0.45 0.23

30 - 45% 0.92 0.74 0.54 0.30

0 - 30% 0.93 0.70 0.58 0.38

60 - 100% 45 - 60% 30 - 45% 0 - 30%

60 - 100% 0.83 0.50 0.25 0.10

45 - 60% 0.86 0.64 0.37 0.16

30 - 45% 0.88 0.67 0.46 0.22

0 - 30% 0.89 0.70 0.50 0.29

60 - 100% 45 - 60% 30 - 45% 0 - 30%

60 - 100% 0.81 0.47 0.22 0.07

45 - 60% 0.83 0.61 0.33 0.12

30 - 45% 0.85 0.64 0.42 0.17

0 - 30% 0.87 0.67 0.46 0.25

Burn

Manage AssessMonitorPolicy
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Utility Function – Complete

1) We value high native cover
 Larger value for higher native cover, smaller value for 

lower native cover

2) We value improvements & devalue degradations

3) We recognize cost

Objective Alternatives Models Utility Optimize Monitor Manage AssessMonitorPolicy
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NPAM Hand-Off Meeting,  Jamestown ND, November 29 – December 1, 2011

Partial Controllability

 Action carried out is not always action recommended
 Unfavorable conditions, lack of resources, etc.

 An irreducible form of uncertainty that we must 
explicitly take into account in the decision framework
 Reduces management performance

 Ignoring it (i.e., assuming actions are perfectly controllable) 
could result in much worse performance

Objective Alternatives Models Utility Optimize Monitor Manage AssessMonitorPolicy
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Partial Controllability:  Mixed-Grass
Objective Alternatives Models Utility Optimize Monitor Manage AssessMonitorPolicy

Implemented Action

Recommended 
Action

Rest Graze Burn Burn/Graze

Rest 0.92 0.06 0.01 0.01

Graze 0.10 0.81 0.06 0.04

Burn 0.15 0.18 0.61 0.06

Burn/Graze 0.12 0.25 0.13 0.49
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Partial Controllability:  Mixed-Grass
Objective Alternatives Models Utility Optimize Monitor Manage AssessMonitorPolicy

Implemented Action

Recommended 
Action

Rest Graze Burn Burn/Graze

Rest 0.92 0.06 0.01 0.01

Graze 0.10 0.81 0.06 0.04

Burn 0.15 0.18 0.61 0.06

Burn/Graze 0.12 0.25 0.13 0.49

Implemented Action

Recommended 
Action

Rest Graze Burn Burn/Graze

Rest 0.92 0.07 0.00 0.00

Graze 0.13 0.85 0.01 0.01

Burn 0.38 0.45 0.15 0.01

Burn/Graze 0.29 0.56 0.03 0.12

No Previous Defoliation

Previous Defoliation – 75% Reduction of Burn and Burn/Graze 
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Partial Controllability:  Tallgrass
Objective Alternatives Models Utility Optimize Monitor Manage AssessMonitorPolicy

Implemented Action
Recommended 

Action
Rest

Graze            
within window

Burn             
within window

Defoliate         
outside window

Rest 0.96 0.02 0.00 0.02

Graze            
within window

0.11 0.60 0.03 0.25

Burn             
within window

0.11 0.12 0.48 0.29

Defoliate         
outside window

0.15 0.12 0.08 0.65

Implemented Action

Recommended 
Action

Rest
Graze             

within window
Burn             

within window
Defoliate         

outside window

Rest 0.96 0.02 0.00 0.02

Graze            
within window

0.12 0.61 0.02 0.26

Burn             
within window

0.14 0.14 0.36 0.36

Defoliate         
outside window

0.15 0.13 0.06 0.66

No Previous Defoliation

Previous Defoliation – 25% Reduction of Burn
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Optimization: finding the best management action

 Adaptive stochastic dynamic programming

 Method of optimization – integrates models and utility

 Identifies sequence of decisions through time that 
maximizes cumulative utility and achieves the 
management objective

 Accounts for:
 Future dynamics of system state and knowledge state 

 Current and future expected returns (utility)

 Partial controllability of the system

Objective Alternatives Models Utility Optimize Monitor Manage AssessMonitorPolicy
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Optimization – Decision Policies

 Produces an optimal decision table that identifies the 
best decision for every combination of:
 System State  x  Knowledge State

 Single decision policy per set of model weights

 Weights create differential influence of each model on 
the current decision policy
 Models with greater weight have greater influence

 Models with lesser weight  have lesser influence

Objective Alternatives Models Utility Optimize Monitor Manage AssessMonitorPolicy
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Decision Policies - Examples
Objective Alternatives Models Utility Optimize Monitor Manage AssessMonitorPolicy

Vegetation States (16)

Defoliation States (7)

Vegetation States (16)   x   Defoliation States (7)    =   112 states
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Decision Policies - Examples
Objective Alternatives Models Utility Optimize Monitor Manage AssessMonitorPolicy

Model 1 Model 2 Model 3 Model 4

Weight 1.0 0 0 0

Belief State

0 Rest 1 Graze 2 Burn 3 Burn/Graze

SB CO KB RM SB CO KB RM SB CO KB RM
60-100 1 1 1 1

45-60 1 1 1 1

30-45 1 1 1 1

0-30 1 1 1 1

60-100 0 0 0 0 0 0 0 0 0 0 0 0

45-60 0 0 0 0 0 0 0 0 0 0 0 0

30-45 0 0 0 0 0 0 0 0 0 0 0 0

0-30 0 0 0 0 0 0 0 0 0 0 0 0

60-100 0 0 0 0 0 0 0 0 0 0 0 0

45-60 0 0 0 0 0 0 0 0 0 0 0 0

30-45 0 0 0 0 0 0 0 0 0 0 0 0

0-30 0 0 0 0 0 0 0 0 0 0 0 0

Defoliation Level
Low Medium High

Ye
ar

s 
Si

nc
e 

D
ef

ol
ia

tio
n 

5+ 
yrs

2 - 4 
yrs

1 yr
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Decision Policies - Examples
Objective Alternatives Models Utility Optimize Monitor Manage AssessMonitorPolicy

Model 1 Model 2 Model 3 Model 4

Weight 0 1 0 0

Belief State

0 Rest 1 Graze 2 Burn 3 Burn/Graze

SB CO KB RM SB CO KB RM SB CO KB RM
60-100 1 1 2 0

45-60 1 3 2 3

30-45 1 3 2 3

0-30 1 1 2 1

60-100 1 1 2 0 1 1 2 0 1 1 2 0

45-60 1 3 2 3 1 3 2 3 1 3 2 3

30-45 1 3 2 3 1 3 2 3 1 3 2 3

0-30 1 1 2 1 1 1 2 1 1 1 2 1

60-100 1 1 1 0 1 1 1 0 1 1 1 0

45-60 1 1 3 3 1 1 3 3 1 1 3 3

30-45 1 1 3 1 1 1 3 1 1 1 3 1

0-30 1 1 0 1 1 1 0 1 1 1 0 1

Defoliation Level
Low Medium High

Ye
ar

s 
Si

nc
e 

D
ef

ol
ia

tio
n 

5+ 
yrs

2 - 4 
yrs

1 yr
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Decision Policies - Examples
Objective Alternatives Models Utility Optimize Monitor Manage AssessMonitorPolicy

Model 1 Model 2 Model 3 Model 4

Weight 0 0 1 0

Belief State

0 Rest 1 Graze 2 Burn 3 Burn/Graze

SB CO KB RM SB CO KB RM SB CO KB RM
60-100 1 1 2 1

45-60 1 3 2 3

30-45 1 3 2 3

0-30 1 1 2 1

60-100 1 1 2 1 1 1 2 1 1 1 2 1

45-60 1 3 2 3 1 3 2 3 1 3 2 3

30-45 1 3 2 3 1 3 2 3 1 3 2 1

0-30 1 1 2 1 1 1 2 1 1 1 2 1

60-100 1 1 1 1 1 1 2 1 1 0 0 1

45-60 1 1 3 1 1 3 2 3 1 3 0 1

30-45 1 1 3 1 1 3 3 1 1 1 2 1

0-30 1 1 2 1 1 1 2 1 1 1 2 1

Defoliation Level
Low Medium High

Ye
ar

s 
Si

nc
e 

D
ef

ol
ia

tio
n 

5+ 
yrs

2 - 4 
yrs

1 yr
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Decision Policies - Examples
Objective Alternatives Models Utility Optimize Monitor Manage AssessMonitorPolicy

Model 1 Model 2 Model 3 Model 4

Weight 0 0 0 1

Belief State

0 Rest 1 Graze 2 Burn 3 Burn/Graze

SB CO KB RM SB CO KB RM SB CO KB RM
60-100 1 1 3 3

45-60 1 3 2 3

30-45 1 1 1 1

0-30 1 1 1 1

60-100 1 1 3 3 1 1 2 3 1 1 2 1

45-60 1 3 2 3 1 1 2 3 3 3 2 3

30-45 1 1 1 1 1 1 1 1 3 3 3 1

0-30 1 1 1 1 1 1 1 1 1 1 1 1

60-100 1 1 1 1 1 1 2 1 1 1 0 1

45-60 1 1 1 1 1 1 0 3 1 0 0 0

30-45 1 1 1 1 1 1 1 1 0 0 0 1

0-30 1 1 1 1 1 1 1 1 1 1 1 1

Defoliation Level
Low Medium High

Ye
ar

s 
Si

nc
e 

D
ef

ol
ia

tio
n 

5+ 
yrs

2 - 4 
yrs

1 yr

515
NPAM Hand-Off and Fourth Annual Cooperator Meeting 
______________________________________________

 
___________________________________________________

126 
___________________________________________________



 

516
NPAM Hand-Off and Fourth Annual Cooperator Meeting 
______________________________________________

 
___________________________________________________

127 
___________________________________________________



 

517
NPAM Hand-Off and Fourth Annual Cooperator Meeting 
______________________________________________

 
___________________________________________________

128 
___________________________________________________



NPAM Hand-Off Meeting,  Jamestown ND, November 29 – December 1, 2011

Monitoring

 Monitoring is designed specifically to assess the:
 Current prairie composition (vegetation state) 

 Predictive abilities of alternative models

 Progress towards the  management objective

 Database 
 Vegetation data

 Management action details

Objective Alternatives Models Utility Optimize Monitor Manage AssessMonitorPolicy
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NPAM Hand-Off Meeting,  Jamestown ND, November 29 – December 1, 2011

Monitoring 

 Access database 
developed by Kevin 
McAbee & Todd Sutherland 
(FWS) and updated by 
Sarah Jacobi (CBG)

 Annually records
(1) management activity 
(2) vegetation monitoring

 Interface enforces valid 
responses (e.g., pull-down 
menus) and reduces 
chances of error

 Data are entered at each 
station and transmitted to 
a central site for 
integration

Objective Alternatives Models Utility Optimize Monitor Manage AssessMonitorPolicy
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Components of the AM Framework

Iterative Phase
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Decision Policy Look-Up 

 Look up current decision policy for current knowledge 
state

 Match optimal management action to current state of 
each management unit

 Recommended management action for each unit

 Best decision that can be made to date given:
 What we know about system behavior to date
 State of the management unit to date

Objective Alternatives Models Utility Optimize Monitor Manage AssessMonitorPolicy
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Mixed-Grass:  Decision Policy 2011  

No Management Restrictions

Model 1 Model 2 Model 3 Model 4

Weight 0.33 0.20 0.22 0.25

Objective Alternatives Models Utility Optimize Monitor Manage AssessMonitorPolicy

2011 Belief State
0 Rest
1 Graze
2 Burn
3 Burn/Graze

SB CO KB RM SB CO KB RM SB CO KB RM
60-100 2 2 3 1

45-60 1 3 2 2

30-45 1 1 2 1

0-30 2 1 3 0

60-100 1 1 1 0 1 0 3 3 0 0 1 1

45-60 1 3 2 3 2 0 2 1 2 1 0 1

30-45 1 3 2 1 1 3 3 3 1 3 1 1

0-30 1 1 1 0 1 0 2 3 1 1 1 0

60-100 1 1 3 0 1 0 1 1 0 0 1 0

45-60 1 1 1 0 1 0 2 3 0 1 0 0

30-45 1 3 3 1 1 1 2 3 1 3 3 1

0-30 1 1 3 0 1 0 0 3 1 1 1 0

Defoliation Level
Low Medium High

Ye
ar

s 
Si

nc
e 

D
ef

ol
ia

tio
n 

5+ 
yrs

2 - 4 
yrs

1 yr
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Mixed-Grass:  Decision Policy 2011  

Management Restriction:  No Burn, No Burn/Graze

Objective Alternatives Models Utility Optimize Monitor Manage AssessMonitorPolicy

Model 1 Model 2 Model 3 Model 4

Weight 0.33 0.20 0.22 0.25

2011 Belief State
0 Rest
1 Graze

SB CO KB RM SB CO KB RM SB CO KB RM
60-100 0 1 1 1

45-60 1 1 1 1

30-45 1 1 1 1

0-30 1 1 0 1

60-100 1 1 1 0 1 0 1 1 1 1 1 1

45-60 1 1 1 0 1 0 1 1 1 1 1 1

30-45 1 1 1 1 1 1 1 1 1 1 1 1

0-30 1 1 1 0 1 0 1 1 1 1 1 1

60-100 1 1 1 0 1 0 1 1 0 0 1 1

45-60 1 1 1 0 1 0 1 1 0 1 1 1

30-45 1 1 1 1 1 1 1 1 1 0 1 1

0-30 1 1 1 0 1 0 1 1 1 1 1 1

Ye
ar

s 
Si

nc
e 

D
ef

ol
ia

tio
n 

5+ 
yrs

2 - 4 
yrs

1 yr

Low Medium High
Defoliation Level
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Mixed-Grass:  Decision Policy 2011  

Management Restriction:  No Graze, No Burn/Graze

Objective Alternatives Models Utility Optimize Monitor Manage AssessMonitorPolicy

Model 1 Model 2 Model 3 Model 4

Weight 0.33 0.20 0.22 0.25

2011 Belief State
0 Rest
1 Burn

SB CO KB RM SB CO KB RM SB CO KB RM
60-100 1 1 1 1

45-60 1 1 1 1

30-45 1 1 1 1

0-30 1 1 0 0

60-100 1 1 1 0 1 0 1 1 1 1 1 1

45-60 1 1 1 0 1 1 1 1 1 1 1 1

30-45 0 1 1 1 1 1 1 1 1 0 1 1

0-30 0 1 1 0 0 1 1 1 1 1 1 0

60-100 1 1 1 0 1 0 1 1 0 0 1 1

45-60 1 1 1 0 1 0 1 1 0 1 1 0

30-45 0 1 1 1 1 1 1 1 0 0 1 1

0-30 1 1 1 0 0 0 1 1 0 1 1 0

Defoliation Level
Low Medium High

Ye
ar

s 
Si

nc
e 

D
ef
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n 

5+ 
yrs

2 - 4 
yrs

1 yr
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Tallgrass:  Decision Policy 2011  

No Management Restrictions

Model 1 Model 2 Model 3 Model 4 Model 5 Model 6

Weight 0.167 0.167 0.167 0.167 0.167 0.167

Objective Alternatives Models Utility Optimize Monitor Manage AssessMonitorPolicy

2011 Belief State
Rest
Graze w/in window
Burn w/in window
Defoliate

SB CO KB RM SB CO KB RM SB CO KB RM
60-100 1 2 2 3

45-60 2 2 2 1

30-45 2 2 2 1

0-30 2 2 2 1

60-100 2 2 2 3 2 2 2 1 1 2 3 3

45-60 2 2 2 1 2 2 2 1 2 2 2 1

30-45 2 2 2 1 2 2 2 1 2 2 2 1

0-30 1 1 2 3 2 2 2 1 2 2 2 1

60-100 1 1 2 3 2 2 2 3 2 2 3 0

45-60 1 2 2 1 1 2 2 1 2 2 2 1

30-45 1 2 2 1 1 2 2 1 2 2 2 1

0-30 1 1 2 3 1 2 2 1 1 2 2 0

Ye
ar

s 
Si

nc
e 

D
ef

ol
ia

tio
n 

5+ 
yrs

2 - 4 
yrs

1 yr

Defoliation Level
Low Medium High
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Tallgrass:  Decision Policy 2011  

Management Restriction:  No Burn

Objective Alternatives Models Utility Optimize Monitor Manage AssessMonitorPolicy

Model 1 Model 2 Model 3 Model 4 Model 5 Model 6

Weight 0.167 0.167 0.167 0.167 0.167 0.167

2011 Belief State Rest
Graze w/in window
Defoliate

SB CO KB RM SB CO KB RM SB CO KB RM
60-100 1 1 2 2
45-60 1 1 1 1
30-45 1 1 1 1
0-30 1 1 1 1

60-100 1 1 1 2 1 1 1 2 2 2 2 2
45-60 1 1 1 1 1 1 1 1 1 1 1 1
30-45 1 1 1 1 1 1 1 1 1 1 1 1
0-30 1 1 1 2 1 1 1 1 1 1 1 1

60-100 1 1 1 2 1 1 1 2 2 2 2 2
45-60 1 1 1 1 1 1 1 1 1 1 0 1
30-45 1 1 1 1 1 1 1 1 1 1 1 1
0-30 1 1 1 2 1 1 1 1 1 1 0 1

Ye
ar

s 
Si

nc
e 

D
ef
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ia

tio
n 

5+ 
yrs

2 - 4 
yrs

1 yr

Defoliation Level
Low Medium High
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Tallgrass:  Decision Policy 2011  

Objective Alternatives Models Utility Optimize Monitor Manage AssessMonitorPolicy

Management Restriction:  No Graze

Model 1 Model 2 Model 3 Model 4 Model 5 Model 6

Weight 0.167 0.167 0.167 0.167 0.167 0.167

2011 Belief State Rest
Burn w/in window
Defoliate

SB CO KB RM SB CO KB RM SB CO KB RM
60-100 1 1 1 2

45-60 1 1 1 2

30-45 1 1 1 1

0-30 1 1 1 2

60-100 1 1 1 2 1 1 1 2 1 2 2 2

45-60 1 1 1 1 1 1 1 1 1 1 1 1

30-45 1 1 1 2 1 1 1 2 1 1 1 2

0-30 1 1 1 2 1 1 1 2 1 1 1 2

60-100 1 1 1 2 1 1 1 2 2 1 2 2

45-60 1 1 1 1 1 1 1 1 1 1 1 0

30-45 1 1 1 2 1 1 1 2 1 1 1 2

0-30 1 1 1 2 1 1 1 2 1 1 1 0

Ye
ar

s 
Si

nc
e 

D
ef

ol
ia

tio
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5+ 
yrs

2 - 4 
yrs

1 yr

Defoliation Level
Low Medium High
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Provided August 31of Each Year

 A list of all management units with their respective:
 Grass type (mixed or tall)

 2011 composition (proportions of NP, SB, KB, RM)

 Years since last defoliated (1, 2-4, 5+)

 Defoliation level (low, med, high)

 Vegetation state ({NP level, dominance})

 Recommended management action
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Management Decision and Action
Objective Alternatives Models Utility Optimize Monitor Manage AssessMonitorPolicy

 Receive recommended management action specific to 
each management unit (Aug 31 of each year)

 Consider recommendation, along with other 
information (e.g., access to cattle or burn crew, fuel 
load, weather conditions) and decide which 
management action to apply

 Carry out the management action                                    
(Sep 1 – Aug 31)
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Assessment – Monitor, Compare, Update

 Reduce uncertainty and improve management
1) Record implemented management action and monitor 

vegetation state (per unit)

2) Compare model specific predictions to observed 
outcomes (per unit)
 Paired monitoring data from consecutive years and 

intervening management action

3) Update model weights via Bayes Theorem (all units)
 Greater agreement  increase in model weight

 Lesser agreement  reduction in model weight

Objective Alternatives Models Utility Optimize Monitor Manage AssessMonitorPolicy
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Closing the AM loop:  Updating Knowledge

 With the updating of our knowledge state, we 
complete one iterative cycle

 The new model weights become the starting point for 
the next annual cycle of the iterative phase

Objective Alternatives Models Utility Optimize Monitor Manage AssessMonitorPolicy
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Annual Iterative Cycle:  Managing & Learning

Update Model 
Weights

Recommend 
Mgmt Action

Select & Carry 
Out Action

Predict 
Responses

Monitor 
outcome

Regional level

Unit level
Annual 
Iterative

Cycle

Aug 25 - 31

Aug 31

Sep 1 –
Aug 31

Jun - Aug

Objective Alternatives Models Utility Optimize Monitor Manage AssessMonitorPolicy
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Updating Cycles

 Mixed-Grass:  Completed two iterations of the AM 
decision cycle since project inception (2008)

 Tallgrass:  Updates will begin with the 2011 | 2012 data

Objective Alternatives Models Utility Optimize Monitor Manage AssessMonitorPolicy

Monitor
2009

Monitor
2010

Monitor
2011

Manage
2010

Manage
2011

Update 1 Update 2
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Adapting Management with Learning

Model 1 Model 2 Model 3 Model 4

Weight 0.33 0.20 0.22 0.25

Model 1 Model 2 Model 3 Model 4

Weight 0.25 0.25 0.25 0.25

Before update – complete uncertainty After update – reduced uncertainty

0 Rest 1 Graze 2 Burn 3 Burn/Graze

Objective Alternatives Models Utility Optimize Monitor Manage AssessMonitorPolicy

SB CO KB RM SB CO KB RM SB CO KB RM
60-100 0 2 3 0

45-60 3 3 2 2

30-45 1 1 3 1

0-30 1 1 2 0

60-100 1 2 1 0 1 0 2 0 1 1 0 1

45-60 2 3 3 0 3 3 2 0 3 3 0 0

30-45 3 3 3 1 1 3 2 3 1 3 0 3

0-30 3 1 1 0 1 2 2 1 1 2 1 2

60-100 1 1 3 0 1 0 2 0 1 0 0 1

45-60 3 1 3 0 3 3 2 0 2 2 0 0

30-45 1 1 3 1 1 1 3 3 2 2 2 2

0-30 1 1 2 0 3 0 1 1 1 1 3 3

Defoliation Level
Low Medium High

Ye
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s 
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e 

D
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5+ 
yrs

2 - 4 
yrs

1 yr

SB CO KB RM SB CO KB RM SB CO KB RM
60-100 2 2 3 1

45-60 1 3 2 2

30-45 1 1 2 1

0-30 2 1 3 0

60-100 1 1 1 0 1 0 3 3 0 0 1 1

45-60 1 3 2 3 2 0 2 1 2 1 0 1

30-45 1 3 2 1 1 3 3 3 1 3 1 1

0-30 1 1 1 0 1 0 2 3 1 1 1 0

60-100 1 1 3 0 1 0 1 1 0 0 1 0

45-60 1 1 1 0 1 0 2 3 0 1 0 0

30-45 1 3 3 1 1 1 2 3 1 3 3 1

0-30 1 1 3 0 1 0 0 3 1 1 1 0

Defoliation Level
Low Medium High

Ye
ar

s 
Si

nc
e 

D
ef
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n 

5+ 
yrs

2 - 4 
yrs

1 yr
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Closing the AM loop:  The Result

 Reduce uncertainty by distinguishing  better models 
from poorer models

 Management decisions of higher quality as better 
models exert greater influence on the next 
management decision via the updated decision policy

Objective Alternatives Models Utility Optimize Monitor Manage AssessMonitorPolicy
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NPAM Hand-Off Meeting,  Jamestown ND, November 29 – December 1, 2011

Into the Future – Continuing the Cycle

 FWS assumes operational control in 2012 and continue 
implementing annual iterative cycle

 USGS involvement as part of an Advisory Team 

 Long-term conservation objective requiring  long-term 
commitment  new way of doing business

 As uncertainties are resolved, management will 
continue

 Will be continued role for monitoring to inform 
decision making
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NPAM Hand-Off Meeting,  Jamestown ND, November 29 – December 1, 2011

Native Prairie Adaptive Management Team

 FWS Science Team
 Kim Bousquet, Cami Dixon, Pauline Drobney, Vanessa Fields, 

Bridgette Flanders-Wanner, Todd Grant, Sara Vacek

 Database Team
 Development:  Kevin McAbee, Todd Sutherland, Sarah Jacobi, 

Victoria Hunt
 Management:  Justin Dupey and Jennifer Zorn

 All Refuge Cooperators 

 USGS
 Terry Shaffer, Clint Moore, Jill Gannon
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NPAM Cooperators Meeting, Jamestown ND, 29 Nov-1 Dec 
2011

The Road Ahead
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NPAM Cooperators Meeting, Jamestown ND, 29 Nov-1 Dec 
2011

The Road Ahead:  Next 1-2 Years

 Planned USGS work
 NPAM under USFWS
 NPAM Advisory Team
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NPAM Cooperators Meeting, Jamestown ND, 29 Nov-1 Dec 
2011

Planned USGS Work – FY12

 Model work
 Do sufficient data exist to replace expert judgment with 

empirical estimates?

 Re-computation of optimal decision policies
 New software may allow higher precision

 Model weight updating program
 Re-write as an executable called from Access database

 Database refinements and troubleshooting
 Assistance to USFWS as requested
 Manuscripts
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NPAM Cooperators Meeting, Jamestown ND, 29 Nov-1 Dec 
2011

NPAM under USFWS - Roles

 Cooperators
 Continue with annual cycle:

 Implement management actions
 Monitoring
 Populate database

 Coordinator & Database Manager
 Continue with annual cycle, and…

 Data Maintenance
 Data Analysis
 Produce model recommendations
 Maintain Sharepoint site
 Communications 
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NPAM Cooperators Meeting, Jamestown ND, 29 Nov-1 Dec 
2011

NPAM under USFWS - Roles

 R3 and R6 Division of Biological Resources
1) Project Coordination (Cami Dixon, Sara Vacek, Soch Lor)

 Communication/Outreach
 Coordination/Oversight
 Training/Support
 Data Management/Technical Support

2) Project Database Management (Jennifer Zorn, Justin 
Dupey)

 Data Management
 Technical Support
 Data Aggregation & Assembly
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NPAM Cooperators Meeting, Jamestown ND, 29 Nov-1 Dec 
2011

NPAM under USFWS – Changes?

 Communications:
 E-mail and Sharepoint site will be our main forums 

for communication
 Frequency of face-to-face meetings?
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NPAM Cooperators Meeting, Jamestown ND, 29 Nov-1 Dec 
2011

NPAM under USFWS – Changes?

Jan

Feb

Mar

Apr

May

JunJul

Aug

Sep

Oct

Nov

Dec

Process Data &
Decision Guidance

*Data Entry 
Complete 
Aug 25

The annual cycle will stay the same:
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NPAM Cooperators Meeting, Jamestown ND, 29 Nov-1 Dec 
2011

NPAM Advisory Team

 Comprised of FWS biologists, managers, USGS, 
and possibly other partners

 Co-chaired by NPAM Coordinator & USGS 
NPAM Principal Investigator 

 Periodically evaluate progress occurring under 
NPAM

 Sounding board for NPAM coordinator
 ‘Think-tank’ for non-routine issues
 Review of proposed ancillary studies
 Driving force for ‘double-loop’ learning
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NPAM Cooperators Meeting, Jamestown ND, 29 Nov-1 Dec 
2011

The Road Ahead:  Far View

 Double-loop Learning
 Data mining
 The Future of NPAM
 More directed, complementary studies
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NPAM Cooperators Meeting, Jamestown ND, 29 Nov-1 Dec 
2011

Double-loop (“Institutional”) 
Learning Set-up Phase

 Objective
 Decision Alternatives
 Alternative Models
 Utility Function
 Optimization
 Monitor (initial)

Iterative Phase
 Decision Policy
 Management Action
 Monitor
 Assess & Update

“Technical Learning”
occurs annually.

Scientific uncertainty
is reduced.

“I
ns

tit
ut

io
na

l L
ea

rn
in

g”
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NPAM Cooperators Meeting, Jamestown ND, 29 Nov-1 Dec 
2011

Institutional Learning

 May necessitate infrequent adjustments to the 
decision framework

 Adjustments initiated by NPAM Advisory 
Team

 Has already informally occurred 
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NPAM Cooperators Meeting, Jamestown ND, 29 Nov-1 Dec 
2011

Institutional Learning

2009 2010 2011 2012 2014 20252013 2015 2020

Technical Learning (annual)

Institutional Learning (annual)
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NPAM Cooperators Meeting, Jamestown ND, 29 Nov-1 Dec 
2011

Why might adjustments be necessary?

 Some framework component is determined or 
suspected to be “broken”
 One or more decision alternatives not feasible
 Treatment menu is incomplete
 Monitoring protocol not effective
 Objective is no longer relevant
 Model weight is not accumulating on any particular 

model or subset of models
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NPAM Cooperators Meeting, Jamestown ND, 29 Nov-1 Dec 
2011

Big Fish vs. Little Fish

 Uncertainty abounds
 And comes in many 

different sizes and 
colors

 We wanted to hook the 
“big ones”

 But not totally give up 
on the small ones
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NPAM Cooperators Meeting, Jamestown ND, 29 Nov-1 Dec 
2011

Two ways to learn

 Prospectively via adaptive management
 Big Fish questions

 Retrospectively via follow-up analyses
 Little Fish questions
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NPAM Cooperators Meeting, Jamestown ND, 29 Nov-1 Dec 
2011

“Big Fish”
Adaptive Management
 Are treatments differentially effective?
 Does invader type matter?
 Does past management matter?
 Does invasion level matter?
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NPAM Cooperators Meeting, Jamestown ND, 29 Nov-1 Dec 
2011

“Little Fish”
Data Mining
 Is it better to burn in Spring or Fall?
 Does grazing intensity or duration matter?
 Is management differentially effective depending 

on soil type, slope, or aspect?
 How are noxious weeds responding to 

management?
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NPAM Cooperators Meeting, Jamestown ND, 29 Nov-1 Dec 
2011

The Future of NPAM

 What if we figure it all out?
 A role remains for state-based decision making

 What if the models don’t work that well?
 Opportunities for double-loop learning
 A process is now in place that produces data to 

inform future model improvements
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NPAM Cooperators Meeting, Jamestown ND, 29 Nov-1 Dec 
2011

The Future of NPAM

 NPAM in broader application
 Expansion to

 Other NWRS stations
 non-USFWS partners (e.g., TNC)

 Complementary, directed studies on NPAM units
 Adoption of NPAM approach for other systems
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NPAM
Protocol Notebook

Overview
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What is it?

• Provides procedural and protocol guidance for all 
operations of NPAM

• Intended as a comprehensive “go to” guide for 
FWS cooperators

• Also can be used by other interested parties

• Living document – will be revised as necessary
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Three Broad Sections

• General Design 
o How administered
o Definition of terms
o Criteria for participation

• Setup Activities 
o Activities for preparing a management unit for 
participation

• Recurrent Activities
o Sequence of activities that occur over course of 
annual decision cycle:  at management unit level 
and across the program at large
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TOC – General Design

• Organization and Administration

o Organizational Design 

o Roles and Responsibilities

 FWS Project Coordinator 

 FWS Database Coordinator 

 FWS Cooperators

 Advisory Team

o Definitions 

o Treatment Alternatives 

o Criteria for Participating/Withdrawing 
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TOC – Setup Activities

• Management Unit Description and Shapefile 
Development 

o Entering a Management Unit in GIS 

o Measuring and Recording Management Unit 
Characteristics 

o Management Unit Questionnaire 

• Generating Transects 

• Transect Characteristics

• Database Population

• Preparation/Consideration of a Management Unit              
for Treatment
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TOC – Recurrent Activities

• Annual Timeline 

• Planning Activities 

• Monitoring 

o Vegetation 

 Plant Lists 

 Transect Configuration 

 Locating and Setting up Transects 

 Timing of Monitoring 

Data Collection Protocol
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TOC – Recurrent Activities (cont)

• Monitoring 

o Management Actions 

 All Management Actions

Graze 

 Burn 

Hay 

Non‐NPAM Treatments

 Phenological Stage 

o Phenological Window Dates 
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• Data Entry and Checking 

• Database Close‐Out and Processing

• Carry out Management Action

TOC – Recurrent Activities (cont)
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Appendices

• Treatment Motivations 

• NPAM Database User Guide

• Management Unit Questionnaire

• Belt Transect Method (Grant et al 2004)

• ND and SD Plant Lists

• ND and SD Plant Classification Tree

• Vegetation Field Monitoring Datasheet 

• Management Action Datasheet
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Appendices

• Grass Utilization Guide

• Phenology User Guide

• Phenology Datasheet – Management Unit

• Phenology Datasheet – Station Level 
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NPAM Cooperators Meeting, Jamestown ND, 29 Nov-1 Dec 
2011

NPAM Outreach
Visibility
A Model for Other Conservation Efforts
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NPAM Cooperators Meeting, Jamestown ND, 29 Nov-1 Dec 
2011

NPAM Project Visibility

 Presentation at regional & national conferences
 TWS Annual Conference (2011; talk + poster)
 Southeastern Assn. Fish & Wildlife Agencies (2011, talk)
 Conserving the Future conference (2011, poster)
 North American Prairie Conference (2010, talk)
 Ecological Society of America (2010, talk)
 TWS Central Mountains & Plains Section (2010, talk)
 TWS Annual Conference (2010, poster)
 SDTWS/NDTWS (2008, talk)

 Gannon et al. paper, NAPC Proceedings 2011
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NPAM Cooperators Meeting, Jamestown ND, 29 Nov-1 Dec 
2011

NPAM Project Visibility

 Presentation to Service groups
 R6 FWS Project Leaders Meeting (2010)
 R3 Area Project Leaders Meeting (2010)
 Montana Biologists Meeting (2010)
 R6 FWS Fire Program Review Meeting (2009)
 R6 FWS Refuge Supervisors (2009)
 Dakota Zone Project Leaders Meeting (2009)
 R3/R6 USFWS Coordination Meeting (2008)

569
NPAM Hand-Off and Fourth Annual Cooperator Meeting 
______________________________________________

 
___________________________________________________

180 
___________________________________________________



NPAM Cooperators Meeting, Jamestown ND, 29 Nov-1 Dec 
2011

NPAM Project Visibility

 Featured in other published reports & venues
 RCRP Review, Oct 2010
 DOI Adaptive Management Applications Guide (2011)
 Knutson et al. 2010, The Wildlife Professional

 “Defensible decision making: harnessing the power of adaptive 
resource management”

 Moore et al. 2011, Journal of Environmental Management
 “Adaptive management in the U.S. National Wildlife Refuge System: 

Science-management partnerships for conservation delivery”

 Refuge Update (Nov/Dec 2011)
 “Adaptive Management = Science + Decision-Making”
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Tallgrass Phenology and Windows

• History

• Description of cool‐season windows

• Management unit phenology

• Station‐level phenology (“Window Watcher”)

• Phenology User Guide

• Management Action Classification Rules
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Evolution of Tallgrass Model

• Fall 2010 Science Team Discussions

• Developed Tallgrass model in past several 
months

• Data exists that states the windows when 
smooth brome is vulnerable to injury
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Why Phenology?

• Management applied within the window is 
more effective than management applied 
outside of the window

• BUT, If the window is missed, is it better to 
apply the management action outside of the 
window or do nothing and wait until the next 
window?
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Why Phenology?

• Rest

• Graze within window

• Burn within window

• Defoliate (burn or graze 
outside window, hay any 
time)

1. Define the cool‐season 
window

2. Consistently identify our 
actions as in or out

To use these: We need to:
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The Cool‐Season Window

Cool‐season invasives are vulnerable and warm‐
season natives are not

• Fall:  Cool‐season invasive fall green‐up

• Spring:  smooth brome tiller elongation 
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Fall Window

Fall:  Cool‐season invasive green‐up

• Why – Fall tillers are vulnerable but warm‐seasons 
are done

• Looks like – Warm season grasses have gone to seed 
and cool‐seasons are producing fall tillers 
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Fall Window

Fall:  Cool‐season invasive green‐up
• Start
 >50% of dominant native warm season grass plants have 
gone to seed

 >25% of the cool‐season invasive grasses present are 
composed of fall green‐up plants

• End
 >50% of dominant native warm season grass plants have 
gone to seed

 >75% of the cool‐season invasive grasses present have 
completely senesced
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Fall Window
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Spring Window

Spring:  Smooth brome tiller elongation

• Why – brome is most vulnerable AND warm‐seasons 
will be simulated

• Looks like – brome has >5 leaves, but has not yet 
developed an inflorescence
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Spring Window

Spring:  Smooth brome tiller elongation

• Start

 >50% of smooth brome is at the 5 leaf stage

• End

 >50% of smooth brome has developed an inflorescence
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Spring Window

North Dakota State University, W‐564, June 1967 (http://www.ag.ndsu.edu/pubs/plantsci/weeds/w564w.htm)
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Two Scales

• Management Unit Phenology
– Does a burn, graze start, or graze end occur before, during, 
or after the window?

– Collected at the unit on the date(s) that the management 
action is applied

• Station‐level Phenology (window watcher)
– How does phenology progress during the year?

– Collected at a convenient native prairie, not necessarily an 
NPAM management unit

– Used to identify when the window occurs so can classify 
grazes that span the window as inside or outside
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Management Unit Phenology
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Station‐level Phenology
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Phenology User Guide
Management Unit Level 

• Who collects the data

• Where to collect the data

• Data Collection

– How

– When

– What

• Visual guides

• Field datasheets
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Phenology User Guide
Station Level 

• Who collects the data

• Where to collect the data

• Data collection

– How

– When

– What

• Visual guides

• Field datasheets
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Management Action Classification 

• Rest  
– No defoliation

• Graze within window
– Graze within the cool‐season window

• Burn within the window  
– Prescribed fire within the cool‐season window

• Defoliate  
– Graze or burn outside of the window, or hay at any time 
(inside/outside)

587
NPAM Hand-Off and Fourth Annual Cooperator Meeting 
______________________________________________

 
___________________________________________________

198 
___________________________________________________



How a Graze is “within the window”

• Grazing is a special case 
– Occurs over a length of time

– May overlap the window in various ways 
• start before | end during

• start before | end after

• start during | end during

• start during | end after

• So what constitutes “within the window”?

• This is why we need the station level 
phenology data
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How a Graze is “within the window”

• Depends on the season:  fall or spring

• Criteria are based on the following goals:
– Avoid damage to warm‐season native grasses
– Hit cool‐season invasive grasses 
– Don’t allow time for cool‐season invasive grasses to 
recover before warm‐season native grasses become 
active 

• To achieve these goals, criteria are based on:
– When put animals on the unit (relative to window 
start)

– How long keep animals on the unit during the window
– When remove animals from the unit (relative to 
window end)
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How a Graze is “within the window”
Fall window

• Putting animals on the unit
– Animals may be placed on the unit within 2 weeks 
prior to the start of the window, or at any time after 
the start of the window

• Length of the graze
– Assure that the graze period within the window is at 
least 2 weeks long or covers the entire length of the 
window

• Removing animals from the unit
– Animals may be removed at any time within 2 weeks 
prior to the close of the window, or at any time up to 
4 weeks after the close of the window
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How a Graze is “within the window”
Spring window

• Putting animals on the unit
– Animals may be placed on the unit at any time prior to 
or after the start of the window

• Length of the graze
– Assure that the graze period within the window is at 
least 2 weeks long or covers the entire length of the 
window

• Removing animals from the unit
– Animals may be removed at any time within 1 week 
prior to the close of the window, or at any time up to 
2 weeks after the close of the window
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Valid NPAM Single Treatments

• Rest = Rest

• Graze w/in window = Graze w/in window

• Burn w/in window = Burn w/in window

• Graze outside window = Defoliate

• Burn outside window = Defoliate

• Hay = Defoliate
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Valid NPAM Combination Treatments

• Graze outside window + Burn outside window 
= Defoliate

• Graze outside window + Hay = Defoliate

• Burn outside window + Hay = Defoliate
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Invalid NPAM Combination Treatments

• Graze w/in window + Burn w/in window 

• Graze w/in window + Graze outside window

• Graze w/in window + Burn outside window

• Graze w/in window + Hay

• Burn w/in window + Burn outside window

• Burn w/in window + Graze outside window

• Burn w/in window + Hay
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Questions?
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