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“…“…treat management as an adaptive treat management as an adaptive 
learning process where learning process where management management 
activities themselvesactivities themselves are viewed as the are viewed as the 
primary tools for experimentation...primary tools for experimentation...””

(C.J. Walters 1986)(C.J. Walters 1986)

“…“…plansplans……designed designed from the outsetfrom the outset to to 
test clearly formulated hypotheses test clearly formulated hypotheses 
aboutabout……the system being changedthe system being changed…”…”

(Lee 1993)(Lee 1993)





OverviewOverview
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Habitat Restoration and Ecosystem Habitat Restoration and Ecosystem 
ManagementManagement

Restore and maintain             
biodiversity of the                     
natural communities

Restore natural hydrology       
quality, quantity, 
timing, distribution



The Plan
Flow

Current
Flow

Historic
Flow

WATER  FLOW  PATTERNS



CERPCERP

Removing Barriers to Flow

Seepage Management
Reuse Wastewater

Stormwater Treatment Areas

Operational Changes

Surface Water Storage
Aquifer Storage & Recovery

68 components68 components
~30 projects ~30 projects 
35 years to build35 years to build



Intent of Adaptive ManagementIntent of Adaptive Management

To make learning part of the action, i.e.,         To make learning part of the action, i.e.,         
““a structured process of learning by doinga structured process of learning by doing””

–– and using the results to adjust the actionand using the results to adjust the action

e.g., North American waterfowl management; e.g., North American waterfowl management; 
fisheries in Australia, British Columbia fisheries in Australia, British Columbia 

see WEB Journal:  Conservation Ecology see WEB Journal:  Conservation Ecology 



What is Adaptive Management?What is Adaptive Management?

Alternative management approach to achieve Alternative management approach to achieve 
successsuccess

Formal process to enable informed decisionFormal process to enable informed decision--
making making 

Ability to act confidently in the face of Ability to act confidently in the face of 
uncertaintyuncertainty

Stakeholder engagement and collaboration Stakeholder engagement and collaboration 

““Learning by DoingLearning by Doing”” NOT NOT ““Trial and ErrorTrial and Error””



HistoryHistory
Adaptive management Adaptive management 
–– poorly understood conceptpoorly understood concept
–– haphazard or inconclusive applicationhaphazard or inconclusive application
–– regulatory constraints (e.g., regulatory constraints (e.g., NEPANEPA))
–– institutional resistanceinstitutional resistance

MonitoringMonitoring
–– good research but wrong questiongood research but wrong question
–– lack of statistical rigor and quality control lack of statistical rigor and quality control 
–– inconsistency in methods and data collectioninconsistency in methods and data collection
–– no (or weak) link to decision makingno (or weak) link to decision making

Plan

Evaluate Act

Monitor

   Adaptive
Management
      Cycle



CERP AM Background and HistoryCERP AM Background and History

December 2000 December 2000 -- Congress Authorized AM for CERP Congress Authorized AM for CERP 

November 2003 November 2003 -- CERP Pro Regs required development of CERP Pro Regs required development of 
AM programAM program

January 2004 January 2004 -- CERP AM Monitoring and Assessment Plan CERP AM Monitoring and Assessment Plan 

April 2006 April 2006 -- CERP AM Strategy Published by RECOVER CERP AM Strategy Published by RECOVER 

August 2006 August 2006 -- NRC  endorses the CERP AM program NRC  endorses the CERP AM program 

June 27 2008 June 27 2008 -- Complete Draft CERP AM Guidance Manual Complete Draft CERP AM Guidance Manual 



MAP 2008

MAP 2004
•CERP/Yellow Book

•Applied Science 
Strategy

•CEMs, Hypotheses, & 
PMs

•NRC (CROGEE)
•Draft IGs

IMPLEMENTATION
•QRB, DCT & RLG

•USACE/SFWMD 
Budgets

•Other Agency 
Budgets

•Sequencing 
(MISP/IDS)

AM

WS/FP
MISP

IGs

PLM

Human 
Ecology

2006 
SSR

2007

SSR

MAP, 
Part 2

ACRONYMS
AM - Adaptive Management
IGs - Interim Goals
WS/FP – Water Supply/Flood Protection
PLM - Project-level Monitoring
SSR - System Status Report
MISP - Master Implementation Sequencing Plan
IDS - Integrated Delivery Schedule



Proposed Implementation Proposed Implementation 
Process of MAP 2008Process of MAP 2008

Management 
Influences

Science 
Influence
s

MAP 2008
“Workshop Series”

MAP 
Module 
Refinement

MAP 
Monitoring 
Component 
Refinement

Update inventory 
of  all monitoring

Management 
Perspectives

RECOVER-
wide 
Perspective

MAP 2008

PM 
refinement

IG 
update



Benefits of AMBenefits of AM

Improved probability of restoration success Improved probability of restoration success 

Addresses decisionAddresses decision--limiting questions limiting questions 
(uncertainty)(uncertainty)

A forum for dialogue between scientists and A forum for dialogue between scientists and 
managers managers 

Ability to adjust restoration implementation Ability to adjust restoration implementation 

LongLong--term collaboration with stakeholders term collaboration with stakeholders 





Benefits
Methodology Benefits PMs

RECOVER

Evaluation

RECOVER

Assessment

Evaluation PMs

Assessment PMs

Project 
Level

Evaluation PMs

Assessment PMs

Evaluation Indicators

Assessment Indicators
Interim 
Goals  and 
Targets

EFFORT ATTRIBUTE Consolidation into
an evaluation methodology with

complementary performance
metrics

CURRENT SYSTEM FUTURE

Evaluation

Assessment

TOOLS and
MODELS

Evaluation

Assessment

TOOLS and
MODELS

Evaluation

Assessment

TOOLS and
MODELS



Evaluation

Assessment

TOOLS and
MODELS

Develop an Evaluation 
Methodology using the 
CEM-based attributes that 
the CERP will monitor. 

PROPOSAL

As we monitor, we’ll 
improve our ability to 
make ecological 
predictions. 

As a result, when it’s time to 
adaptively manage, we’ll 
have a higher probability of 
planning appropriately 
and reaching success!

Build needed tools with 
MAP results – if already 
developed, use MAP 
results to refine tools. 



HH00: : 
Sediment Sediment 
delivery delivery 
does notdoes not
differ from differ from 
(model) (model) 
predictionspredictions

((HH11: it does : it does 
differ)differ)

Test (and monitoring)Test (and monitoring)
Hypothesis      Outcome        DataHypothesis      Outcome        Data

Revise Revise 
practices practices 

Modify Modify 
rulesrules

Net Net 
increase  increase  
does not does not 
exceed exceed 
49%49%

(if  (if  
exceedsexceeds
49%)49%)

Measure Measure 
in tons (of in tons (of 
sediment) sediment) 
per year per year 

(applying (applying 
sampling sampling 
design)design)

Estimate Estimate 
expected expected 
amountamount of of 
sediment sediment 
delivery delivery 
(from (from 
action)action)

MinimizeMinimize
sediment sediment 
delivery to delivery to 
streams streams 
(from (from 
roads)roads)

ManagementManagement
Trigger         Trigger         
ResponseResponse

MgmtMgmt
ObjectiveObjective

ExampleExample:  Testing Sedimentation from :  Testing Sedimentation from 
Road Development/MaintenanceRoad Development/Maintenance

(Plum Creek HCP:  www.fws.gov/r1srbo/SRBO)



Proposed Adaptive Management Proposed Adaptive Management 
Plan for OystersPlan for Oysters

Excessive predation may Excessive predation may 
require salinity require salinity 

adjustments adjustments 
through operationsthrough operations

Adjust flows to attain Adjust flows to attain 
salinities similar to salinities similar to 
creeks where oyster creeks where oyster 
growth is optimalgrowth is optimal

If flow/salinity events If flow/salinity events 
are affecting are affecting 

growth or growth or 
mortality, adjust mortality, adjust 

operations to operations to 
eliminate or eliminate or 

minimize eventsminimize events

Attain natural levels Attain natural levels 
of growth and of growth and 

mortalitymortality

Juvenile growth Juvenile growth 
and and 

mortalitymortality

Lower salinity threshold Lower salinity threshold 
and adjust operations and adjust operations 

accordinglyaccordingly

Operate flows to Operate flows to 
maintain salinity maintain salinity 
below maximum below maximum 

thresholdthreshold

EliminationEliminationDiseaseDisease

Change operations to Change operations to 
avoid too much or avoid too much or 
too little flow in too little flow in 

key monthskey months

Stock adultsStock adultsStock larvaeStock larvaePresence/absence Presence/absence 
adults and larvaeadults and larvae

RecruitmentRecruitment

Dredge muckDredge muckTry different substrate Try different substrate 
(e.g., concrete)(e.g., concrete)

Add oyster shell cultchAdd oyster shell cultchAcres of suitable Acres of suitable 
habitathabitat

SubstrateSubstrate

Change operations to Change operations to 
meet flowsmeet flows

Salinity range of 10Salinity range of 10--
25 ppt25 ppt

SalinitySalinity

Management ActionManagement Action
OPTION 3OPTION 3

Management ActionManagement Action
OPTION 2OPTION 2

Management ActionManagement Action
OPTION 1OPTION 1

TargetTargetStressor metricStressor metric



Project Level AM ApplicationProject Level AM Application
AM is not appropriate for all projects.AM is not appropriate for all projects.

AM should be applied if there is uncertainty about:AM should be applied if there is uncertainty about:

–– (1) natural system structure and function; (1) natural system structure and function; 

–– (2) The most effective design and operation; and (2) The most effective design and operation; and 

–– (3) The desired endpoints (3) The desired endpoints 

Use AM if decisionUse AM if decision--making is limited by these issues making is limited by these issues 

Projects can evaluate benefits of AM vs. Costs and Projects can evaluate benefits of AM vs. Costs and 
ChallengesChallenges



Determining When To Apply AM Determining When To Apply AM 
(Program(Program--Level)Level)

CERP has applied AM principles stated in the CERP AM CERP has applied AM principles stated in the CERP AM 
Strategy (2006) Strategy (2006) 

The following program activities apply AM for CERP: The following program activities apply AM for CERP: 

–– Yellow Book Yellow Book 

–– MAP MAP –– Conceptual Modeling and HypothesesConceptual Modeling and Hypotheses

–– Performance Measures and Interim GoalsPerformance Measures and Interim Goals

–– Future Assessment ReportFuture Assessment Report

–– System Operating ManualSystem Operating Manual

–– Integrated Delivery ScheduleIntegrated Delivery Schedule

–– Comprehensive Plan Modification ReportComprehensive Plan Modification Report



Activity 6: Monitoring 

Operations

Activity 9: 
Implementation and 
Refinement

Activity 1:  Engage Stakeholders and Collaborate with Agencies

Activity 2: 
Establish or 
Verify Program 
Goals and 
Objectives

Activity 3: Identify 
and Prioritize 
Unanswered 
Questions

Activity 4: Use 
Conceptual 
Models, 
Hypotheses, and 
Performance 
Measures

Activity 7: 
Assessment 

Activity 8: Decision-
Making

Plan Formulation Design/Construction

Activity 5: AM 
Integration into 
Restoration Plan

Nine Activities to Apply AM for CERPNine Activities to Apply AM for CERP





STAKEHOLDERSSTAKEHOLDERS

NGOsNGOs
Decision Makers (agency and others)Decision Makers (agency and others)
End usersEnd users



Why Monitor?Why Monitor?
Detect changes in:Detect changes in:
–– species abundance, condition, population structurespecies abundance, condition, population structure
–– habitat amount, conditionhabitat amount, condition
–– management actionsmanagement actions

Support management needs (primary reason)Support management needs (primary reason)
–– provide early warningprovide early warning
–– measure species response to mgmt or other factorsmeasure species response to mgmt or other factors
–– provide basis for adjusting/modifying the actionprovide basis for adjusting/modifying the action

Other reasons:Other reasons:
–– improve information base improve information base –– most commonly usedmost commonly used



Role in Adaptive ManagementRole in Adaptive Management
Provide knowledge of the manner in Provide knowledge of the manner in 
which the system is likely to respond which the system is likely to respond 
to possible management alternatives to possible management alternatives 

Provide periodic assessment of the Provide periodic assessment of the 
systemsystem’’s states state…… at decision points in at decision points in 
management process management process 

Provide insights into causeProvide insights into cause--effect effect 
relations between stressors and relations between stressors and 
responses responses 

How will you ever know?

“The Treatment”

“The Response”

“The Reason”

? ?



Addressing UncertaintyAddressing Uncertainty

AM means identifying and AM means identifying and 
acknowledging uncertaintyacknowledging uncertainty

–– recognize uncertainty as an recognize uncertainty as an 
attribute of management attribute of management 

–– use management (and use management (and 
monitoring) as a tool to reduce monitoring) as a tool to reduce 
uncertaintyuncertainty

Uncertainty

Decision-Making

Risk?



Determining What to MonitorDetermining What to Monitor
WhatWhat’’s your information need? s your information need? 
–– to improve your knowledge (baseline information)to improve your knowledge (baseline information)
–– to detect change in status or trends (species, habitat, to detect change in status or trends (species, habitat, 

threats)threats)
–– to identify how the action was implementedto identify how the action was implemented
–– to understand effects of an action (on species or to understand effects of an action (on species or 

habitat)habitat)
–– to identify relations between observed trend and actionto identify relations between observed trend and action

Important to the type of monitoring neededImportant to the type of monitoring needed
–– does your need relate to the management objectives?does your need relate to the management objectives?
–– can you quantify (what you need)? measure?can you quantify (what you need)? measure?
–– can you link results to possible decisions?can you link results to possible decisions?



DECISION MAKINGDECISION MAKING

Annual MeetingsAnnual Meetings
–– InterdisciplinaryInterdisciplinary
–– Gray BeardsGray Beards

MCDA or other methodsMCDA or other methods





Logic for setting Logic for setting ‘‘thresholdsthresholds’’

Indicator
value

Indicator
value

Time

Now

Indicator
value

Agreed safety margin
based on uncertainty 
and risk aversion

Best technical estimate
of the level of indicator 
where irreversible change
occurs 

Model-based
projection

Lower confidence
interval

ecosystem
inertia

mgmt
reaction

time

Required action
trigger

monitoring
interval

Increased vigilance
trigger

Source: B. Scholes



Next StepsNext Steps

Finish Version 2.2 of AM Guidance Finish Version 2.2 of AM Guidance 
Manual Manual 

AM Briefings and TrainingAM Briefings and Training

Explore Options for ProjectExplore Options for Project--level AM level AM 
Application Application 

Continue to Integrate AM Into Program Continue to Integrate AM Into Program 
ActivitiesActivities



Future ChallengesFuture Challenges

ReRe--authorization of AM programauthorization of AM program
–– Keeping the monitoring money flowingKeeping the monitoring money flowing
–– Linking the scientists and the project plannersLinking the scientists and the project planners

Data management for the assessmentData management for the assessment
Building the decision methodologyBuilding the decision methodology
AM championAM champion
Completing ecological models for assessment and Completing ecological models for assessment and 
evaluationevaluation
–– Relating this to Management measuresRelating this to Management measures

IAR and planning at a reasonable levelIAR and planning at a reasonable level



Questions?Questions?
For more information, please contact:For more information, please contact:

AT Chairs:AT Chairs:

–– Patti SimePatti Sime, , South Florida Water Management District (South Florida Water Management District (psime@sfwmd.govpsime@sfwmd.gov); ); 

–– Greg Graves, South Florida Water Management District (Greg Graves, South Florida Water Management District (ggraves@sfwmd.govggraves@sfwmd.gov); ); 

–– Steve Traxler, U.S. Fish and Wildlife Service (Steve_TraxlerSteve Traxler, U.S. Fish and Wildlife Service (Steve_Traxler@fws.gov@fws.gov).).

RLG membersRLG members

–– Dave Tipple, U.S. Army Corps of Engineers Dave Tipple, U.S. Army Corps of Engineers ((Dave.A.Tipple@usace.army.milDave.A.Tipple@usace.army.mil); ); 

–– Bruce Sharfstein, South Florida Water Management District Bruce Sharfstein, South Florida Water Management District 
((bsharfs@sfwmd.govbsharfs@sfwmd.gov); ); 

–– Agnes McLean, National Park Service (Agnes McLean, National Park Service (Agnes_McLean@nps.govAgnes_McLean@nps.gov); or ); or 

–– Lorraine Heisler, U.S. Fish and Wildlife Service (Lorraine Heisler, U.S. Fish and Wildlife Service (Lorraine_Heisler@fws.govLorraine_Heisler@fws.gov).).

Additional information can be found at the following website: Additional information can be found at the following website: 
http://www.evergladesplan.org/pm/program docs/adaptive mgmt.aspxhttp://www.evergladesplan.org/pm/program docs/adaptive mgmt.aspx


