
 

Healthy Watersheds Integrated Assessments 
Workshop 

Advancing the state­of­the science on integrated healthy 
watersheds assessments and considering the role of green 

infrastructure in maintaining watershed health and resilience 

 

 

 

ATTACHMENT 1A 
 

Speaker Presentations 
 

 

 





Watershed Resilience in 
Louisiana











Louisiana has lost:
Ø1.2 million acres of land;
Ø15,300 acres per year since 1930s;
ØIn 2005, 200 square miles of marsh were 


destroyed;
Ø200,000 homes damaged;
Ø1400 people died; and
Ø1 million people were displaced.







New Orleans in 2005







Progress Since 2006


• Louisiana Legislature Enacted Act 8 – created 
Coastal Restoration and Protection Authority;


• Louisiana Comprehensive Plan for a 
Sustainable Coast;


• Louisiana Speaks involved 26,000 people as 
“citizen planners” for new vision of the state.







• 20 % of the nation’s import/export cargo 
traffic;


• 26% of commercial fishing landings in the 
lower 48 states;


• 30% of the nation’s oil and gas supply;
• 50% of the nation’s refinery capacity;
• Approximately 5 million migratory waterfowl 


winter in Louisiana’s marshes;
• Millions of neo-tropical birds fly through the 


state each year; and 
• 2 million people live in coastal Louisiana







Louisiana Speaks Regional Plan


• Louisiana Department of Transportation
• Louisiana Department of Economic 


Development
• Louisiana Department of Community 


Development
• Office of Coastal Protection and Restoration
• Center for Planning Excellence







Revising the Coastal Zone Boundary


• Changing Coastal Landscape;
• Predictions of Sea Level Rise and Subsidence;
• Apply Regulatory Tools and Structured 


Collaboration of Federal, State and Local 
Governments for Comprehensive Ecosystem 
Protection Programs.







Sustain Coastal Wetland Forests


• Coastal Impact Assistance Program (CIAP)
• $16 million to purchase fee title or perpetual 


easement of coastal forests;
• Provide ecosystem functions and values;
• Provide Storm Surge Protection;
• Cypress-Tupelo Forests with 150-300 year old 


trees
• Habitat for Black Bear and Migratory Birds







Protecting Inland Watersheds


• Water Quality Data;
• Habitat Assessment and Fisheries Data;
• Collected for Reference Streams, Use 


Attainability Analysis;
• Geomorphology, Sedimentation and Mercury 


in Louisiana’s rivers.
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Overview of the Healthy Watersheds 
Initiative and Workshop Outcomes


Laura Gabanski, Lead
Healthy Watersheds Intiative


Office of Wetlands, Oceans and Watersheds
U.S. EPA







Why a Healthy Watersheds 
Initiative?


• Need to expand our approaches to better 
protect aquatic ecosystems


• Large lists of impaired waters and more 
complex pollution problems (sediments, 
nutrients)


• Watershed integrated systems approach 
for protection and restoration 







The Systems Approach


=


A Framework for Assessing and Reporting on Ecological Condition. EPA 
Science Advisory Board (2002)







What are some of the 
Characteristics of a Healthy 


Watershed?
• Habitat of sufficient size and connectivity for native 


aquatic and riparian species
• Biotic refugia or critical habitat (e.g., deep pools, seeps 


& springs for survival during droughts)
• A natural hydrology (incl. flow regime) that supports 


aquatic species and habitat
• Natural transport of sediment and stream 


geomorphology that provide natural habitat
• Healthy aquatic biological communities
• Water quality that supports biotic communities & habitat
• Green infrastructure network of native vegetation in 


the landscape
• Functioning natural disturbance regimes (floods, fires)







Watershed Integrated Assessment 
Approach


Watershed 
Ecosystem 
Condition


Geo-
morphology 
Assessment


Landscape 
Condition 


Assessment


Hydro-
ecology 


Assessment
Habitat 


Assessment


Biological 
Integrity 


Assessment


Water Quality 
Assessment







Kentucky Macroinvertebrate Reference sites Wadeable & Headwater Streams











Healthy Watersheds Initiative 
Vision & Outcomes


Protect and maintain the aquatic ecological 
integrity of watersheds and supporting habitat 


networks to ensure future generations may 
enjoy these resources and the social and 


economic benefits they provide


• Healthy watersheds are maintained and 
increased over time


• Our country has an interconnected network of 
healthy watersheds







HWI Implemented Through 
Partnerships 


• Identify or inventory healthy watersheds in 
states using a systems assessment 
approach


• Protect these watersheds by implementing 
protection programs at the national, state, 
and local levels







Vision for Partnerships
• States:  EPA facilitates coordination with water quality 


agencies & across state agencies (e.g., natural resource, 
other agencies)


• Local government/organizations:  
– states coordinate with localities
– EPA coordinates with national local organizations & local pilots


• NGO’s/Non-Profits:  Both EPA and States have active 
partnerships at the national, state and local levels


• Federal:  Coordination and collaboration on similar 
ecological protection programs (e.g. Landscape Conservation 
Cooperative, National Fish Habitat Action Plan, Green Infrastructure, 
USFS Watershed Characterization, Water Census, COE Regulatory 
watershed pilots, etc.)… MOU?


• Other Partners… business?







EPA Programmatic Vision for HWI


• Healthy Watersheds are identified & listed 
by states (anti-303(d) Impaired Waters 
Lists)


• Clean Water Act programs are aligned to 
support protection, maintenance and 
enhancement of healthy watersheds (e.g. 
Nonpoint Source Pollution Control Program is 
successfully supporting watershed protection as well as 
restoration (watershed plans))







Agency Strategic Planning
• National Water Program Guidance FY 2011 --


– “Water Protection Goals and Strategies:  EPA will 
work with states and tribes to strengthen capacities to 
identify and protect high quality waters including 
efforts to integrate these efforts with restoration 
approaches.”


– “2. Accelerate Watershed Protection
• Key components of the HWI are development of Regional 


Office HWI Strategies that include working with the states to 
identify healthy watersheds statewide and implement 
protection and conservation programs both at the state and 
local levels.”


– Measures WQ-22a & WQ -22b
• EPA Region HWI Strategies & state assessments and 


strategies
• Next EPA Strategic Plan:  2014 – 2018?







Laura’s Asks of Workshop 
Participants


• Think about implementation of healthy watersheds assessments and 
their application in protection programs
– How does this fit into state agency programs?
– Which agency would be the natural lead for HW assessments?
– How could state agencies help with local implementation?
– How could localities use state level assessments?
– How does this fit into large regional ecosystem programs (Upper Miss., 


Ches Bay, Puget Sound, CO Plateau…)?
– How can we coordinate and collaborate across similar Federal 


programs?
– How can we best partner with others, NGO’s, etc.?
– How can we best engage the public to be good stewards?


• How can we develop guidance for state lists of healthy watersheds 
that allows for consistency and flexibility?


• What would a Healthy Watersheds Program success look like for 
you?







Workshop Outcomes
• Improved understanding of watershed resilience and 


management 
• Improved healthy watersheds assessment conceptual 


model and understanding of relationships among the 
assessment components


• Identify key gaps in our knowledge and research needs
• Ideas on how to implement assessments at the state-


level
• Ideas on how to better protect healthy watersheds 


through partnerships
• Workshop summary, synthesis paper, & input to 


Technical Guide revisions
• Have fun!.... and drink lots of water!







The Sinnemahoning


An Exceptionally High Quality 
Watershed in PA
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Florida Natural 
Areas Inventory


Multi-criteria Approach to 
Mapping and Assessing 


Resilient Watersheds


Amy Knight


GIS Program 
Specialist


November 2010







Florida Forever 
Conservation Needs 


Assessment


•GIS Data layers for 12 resource types


•Tied to goals and measures of Florida Forever


•Collaborative effort


•Informs land acquisition and other  
conservation planning


•All data are statewide and prioritized







Natural Floodplain
Source:  FNAI







Significant Surface Waters
Source:  FNAI







Functional Wetlands
Source:  FNAI







Fragile Coastal Resources
Source:  FNAI







Aquifer Recharge
Source:  Advanced Spatial Inc, and FNAI











•


Florida Forever Tool for Efficient
Resource Acquisition and Conservation (F-TRAC)


• Identifies the places that best meet resource goals for the 
least cost (area)


• Iterative Site Selection using MARXAN


• Evaluates many combinations of sites to find the ‘best’ set


Allows evaluation of multiple resources


• Requires setting targets











Conservation Features, Targets & Weights







2020 Statewide 
Scenario


500,000 acres
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Maryland’s GreenPrint and 
Blue Infrastructure Assessment Examples


Healthy Watersheds Integrated Assessments Workshop
Estes Park, CO


November 2–4, 2010


Catherine McCall


Chesapeake & Coastal Program
Maryland Department of Natural Resources


Christine Conn


Office for a Sustainable Future
Maryland Department of Natural Resources







Our #1 Conservation Challenge


Accelerated Consumption & Fragmentation 
of Natural & Working Lands


By 2030, Maryland will have:  
• 1,000,000 more people


• 400,000+ more households and 
• 600,000+ more jobs


• 560,000 additional acres developed


What impact will this have on our 
natural resources and how can we 


communicate our strategy and 
priorities to influence decision making?


Audubon Magazine March/April 2000; MDP 2009







A Statewide Conservation Network


Green 
Infrastructure


Blue
Infrastructure


Complete Ecological 
Network







Assessment Purposes & Applications


• Identify, communicate and 
conserve a coordinated 
set of priorities


• Provide maps and resource 
guides for planning review


• Incorporate mapped areas 
into Maryland’s prioritization 
and targeting efforts for land 
conservation, protection and 
restoration activities







Identifying “Targeted Ecological Areas” 
Best of the Best







GreenPrint is…


• Maryland’s map for 
conserving the most 
ecologically valuable lands 
in the state


- Program Open Space’s 
Targeted Ecological Areas 
(TEAs)


• A mapping tool to target 
and track conservation of 
TEAs







Parcel-specific Information 







Blue Infrastructure Near-Shore Assessment


• Designed to incorporate 
estuarine priorities into 
targeting and land use planning 
and complement the Green 
Infrastructure and TEA network


• Incorporates…
Watersheds and water quality 
criteria that support high 
aquatic biodiversity and fish 
species sensitive to increases in 
impervious surfaces


Areas that support sensitive and 
shoreline-dependent species 
and other unique plant and 
animal communities







“Blue” Assessments


Near-shore assessment/BI High Priority Watersheds 
Tier II Waters 


Stronghold Watersheds
Tidal and Non-Tidal Fisheries Priorities







Blue Infrastructure on iMap







Resource-specific values







Conservation Scorecards
for each Project


• Project scorecards and 
maps are provided to the 
Board of Public Works


• Transparency and 
accountability criteria met


• Decisions based on 
ecologically-defensible 
criteria







A Trail Map Forward


• Scale: Local and Watershed, Counties and State


GreenPrint provides a map for coordinated targeted terrestrial resources
Blue Infrastructure provides clear targets for our waters


• Timeframe: Short term and Long term


What resources does Maryland want to conserve or protect into the future?  
These place-based priorities can fit in to well-established plans and programs 


and have new applications with each new project.







Thank you…


For more information:
GreenPrint


http://www.greenprint.maryland.gov/


Coastal Atlas Blue Infrastructure 
http://dnr.maryland.gov/ccp/coastalatlas/estuaries.asp


Catherine McCall
410.260.8737


cmccall@dnr.state.md.us


Christine Conn
410.260.8785


cconn@dnr.state.md.us
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Virginia Integrated Stream 
Assessment Resource


Stephen McIninch         
Greg Garman
Leonard Smock      
William Shuart


Virginia Commonwealth 
University



http://www.epa.gov/cgi-bin/epalink?target=http://www.epa.gov/&logname=epahome&referrer=seal�





In-stream approach
Biological integrity


Integrated approach
probabilistic


Community (not just 
RTE or keystone)


http://instar.vcu.edu



http://instar.vcu.edu/�

http://instar.vcu.edu/�





What is INSTAR?
• Integrated Stream Assessment Resource
• Developed through a partnership between VCU & state 


and federal agencies
• Geospatial stream database and online, decision support 


tool – a dynamic Engine
• Data development


• Probabilistic sampling of fishes, aquatic 
macroinvertebrates and instream habitat since 2005


• Archival data from multiple agency sources
• Approaching 2,500 streams represented; primarily 


Chesapeake Bay basin
• Multivariate ecological models for each region







The INSTAR DatabaseCandidate Input  Variables 
for Stream Models


Biological


18 IBI metrics            


12 RBP III metrics


Others…


In-stream Habitat


20 RHA metrics


Landscape


Stream order, link metrics, 


Modeling exercise to answer: Which of these ~50 stream 
attributes are most closely related to stream health, 


structure, and function?







Data Analysis Data Entry using Excel 


Graphical Analysis
Remove outliers Transform data


Ordination by  
category - Patterns?


Remove variables


Ordination with 
‘diagnostic’ metrics 


Which metrics are 
associated with high 
biotic integrity? 
multiple regression


Scoring 
Criteria


Score each stream 
reach (% comparable)







INSTAR Stream Model (Combined) 
Lower Coastal Plain


Virtual Reference Stream


Ephemeroptera & Plecoptera taxa
fish species richness (native)
percent channel alteration
percent intolerant species
number tolerant species       
Hilsenhoff Biotic Index


adjusted R square = 0.72







Mean + 1 SD- 1 SD


Identification of Healthy Streams and Rivers


‘Healthy’ 
defined as >70% 


comparable to 
appropriate 


regional 
reference 
condition











How are INSTAR and 
Healthy Waters data being 
used?
1.) Set Conservation Priorities: 
Heritage, TNC


2.) Identify significant living 
resources


3.) Regulatory Assessments: 
statewide NPS assessment, 
impairment identification 
(blackwater) 


4.) Inform zoning, landuse, and 
comprehensive planning decisions 
(Local)


And…
Data from Rivanna River Basin Study







5.) Develop and 
implement local nutrient 
and sediment reduction 


strategies based on 
identification and  


protection of Healthy 
Waters and restoration 
of the ‘mostly healthy’


Turbidity and Stream Health


y = -0.0553Ln(x) + 0.703
R2 = 0.19
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y = 0.748x + 0.5146
R2 = 0.220.0
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data from Richmond County, Virginia NFWF Project 







Limiting Factors
• Data Availability:


– Not quite there yet for statewide assessment
– Large state with much water; data  are not remotely 


acquired
– Model development data are 99% collected in-house 


(validation)
– Jurisdictional boundaries
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Watershed Resilience Session
Susan Julius*, EPA/ORD (co-moderator)
Doug Norton*, EPA/OW (co-moderator)


Amy Knight, FL (panelist)
Jan Boydstun, LA (panelist)
Sharon Pfeifer, MN (panelist) 


Healthy Watersheds Workshop
Estes Park, CO ~ November 2010


*  The views expressed in this presentation are those of the authors and do not necessarily  reflect the views or policies of the 
U.S. Environmental Protection Agency







Key Themes for This Session


What are the key indicators and methods for assessing watershed resilience?


How can healthy watersheds be sustained?


Additional Questions


How well does the HWI hexagon paradigm accommodate resilience concepts?


How could programs to protect ecosystems in the face of climate change work with 
programs for healthy watershed protection?


What can we learn from recovery indicator work that can be translated to HWI 
assessments?


1







2


Example Resilience Definitions


Definitions References 


Measure of the persistence of systems and of their ability to 
absorb change and disturbance and still maintain the same 
relationships between populations or state variables 


Holling 1973:14 


The magnitude of disturbance that can be absorbed before the 
system changes its structure by changing the variables and 
processes that control behavior 


Gunderson and 
Holling 2002:4 


The capacity of a system to experience shocks while retaining 
essentially the same function, structure, feedbacks, and 
therefore identity 


Walker et al. 
2006:2 


capacities i) to absorb disturbances, ii) for self-organization, 
and iii) for learning and adaptation 


Walker et al. 2002 


The ability of the system to maintain its identity in the face of 
internal change and external shocks and disturbances 


Cumming et al. 
2005 
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Resilience Concepts Typically Address --


• Disturbance and response 


• Biological community structure


• Physical/abiotic structure


• Natural processes


• Persistence


• Capacity to maintain functionality
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Beyond Resilience –


• Temporal-spatial component – degradation or 
recovery time frames, spatial correlations


• Stressor exposure scenarios – interactions with 
resilience influence condition


• Social factors – external drivers that can modify 
stressor exposure and ecosystem resilience


• Values – inherent worth of resilience; 
acceptable/unacceptable change thresholds


• Scope – societal as well as ecological resilience


• Uncertainties -- of complex interactions and prediction
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How Can We Manage For 
Resilience?


Resilience Issue Management Need


Many factors affect resilience Measurable indicators associated with 
resilience


All systems not equally resilient Methods to compare resilience


Resilience doesn’t always have the 
same implications for management


Knowledge relating resilience to 
valued ecological attributes


Resilience is hard to characterize, 
harder still to predict


Policy-influenced science basis


Resilience uncertainties mustn’t 
derail essential actions


Science-influenced policy approaches
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Resilience and Management: 
Examples


What are the challenges?


How to take action?


Methods that can support/inform action?
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Reference Station Status
Degrades Over Time


7







Projections of %Impervious Surface (HUC-10)
Integrated Climate and Land-Use Scenarios (version 1.3)


Unstressed (<1%)
Lightly Stressed (1-5%)
Stressed (5-10%
Impacted (10-25%)
Degraded (>25%)







Projections of %Impervious Surface (HUC-10)
Integrated Climate and Land-Use Scenarios (version 1.3)


Unstressed (<1%)
Lightly Stressed (1-5%)
Stressed (5-10%
Impacted (10-25%)
Degraded (>25%)







Projections of %Impervious Surface (HUC-10)
Integrated Climate and Land-Use Scenarios (version 1.3)


Unstressed (<1%)
Lightly Stressed (1-5%)
Stressed (5-10%
Impacted (10-25%)
Degraded (>25%)







Projections of %Impervious Surface (HUC-10)
Integrated Climate and Land-Use Scenarios (version 1.3)


Unstressed (<1%)
Lightly Stressed (1-5%)
Stressed (5-10%
Impacted (10-25%)
Degraded (>25%)







Projections of %Impervious Surface (HUC-10)
Integrated Climate and Land-Use Scenarios (version 1.3)


Unstressed (<1%)
Lightly Stressed (1-5%)
Stressed (5-10%
Impacted (10-25%)
Degraded (>25%)
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Why Manage for Resilience?


Current Condition 
(degradation/change)


Transition Period (threshold 
change) Community Shift


Year
2000 2050 2100
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Resilience Based Targeting 
in Marine Ecosystems


High Resilience Characteristics


• Cooler water due to upwelling/mixing


• Rapid currents that flush toxins


• Shading of UV by cliffs/shelves


• Turbid waters that screen UV


• Communities adapted to temperature/UV


• Conditions that favor recolonization


Shading


Turbidity Currents Adapted Communities







Kimbe Bay, Papua New Guinea 
(The Nature Conservancy)
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Concepts for Characterizing Watershed Resilience:
Critical Stream Corridor Functions


(after FSRWG 1999, Stream Corridor Restoration: 
Principles, Practices and Processes)
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Recovery Potential Screening:
Addressing Resilience in Restoration 


Planning 


What is Recovery Potential Screening?


A method to help states and watershed restoration
planners compare restorability


Recovery potential is the likelihood of an impaired water to reattain a 
desired condition (e.g., WQS), given its 
- ecological capacity, 
- exposure to stressors, and 
- the social context affecting efforts to improve its condition.


Draft website:


http://hudson.tetratech-ffx.com/RECOVERY_POTENTIAL/home.html



http://hudson.tetratech-ffx.com/RECOVERY_POTENTIAL/home.html�
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Recovery Potential Screening


60 Example Recovery Potential Indicators
Ecological Capacity Stressor Exposure Social Context
natural channel form invasive species risk watershed % protected land
recolonization access channelization applicable regulation
Strahler stream order hydrologic alteration funding eligibility
rare taxa presence aquatic barriers 303(d) schedule priority
historical species occurrence corridor road crossings estimated restoration cost
species range factor corridor road density certainty of causal linkages
elevation corridor % U-index TMDL or other plan existence
corridor % forest corridor % agriculture university proximity
corridor % woody vegetation corridor % urban certainty of restoration practices
corridor slope corridor % impervious surface watershed org leadership
bank stability/soils watershed % U index watershed collaboration
bank stability/woody vegetation watershed road density large watershed mgt potential
watershed shape watershed % agriculture government agency involvement
watershed size watershed % tile-drained cropland local socio-economic conditions
watershed % forest watershed % urban landownership complexity
proximity to green infrastr hub watershed % impervious surface jurisdictional complexity
contig w/green infrastr corridor severity of 303(d) listed causes valued ecological attribute
aquatic community integrity severity of loading human health and safety
soil resilience properties land use change trajectory recreational resource
watershed % wetlands legacy land uses iconic value
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Recovery Potential Screening


• Simultaneously but 
separately view the 
ecological, stressor, and 
social sub-scores of 
each watershed


• Example (left) compares 
restorability of a set of 
watersheds in MD that 
had already been 
assessed as healthy or 
impaired


• Consider implications 
for impaired watersheds 
restoration or healthy 
watersheds protection 
priority-setting
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Resilience Challenges Facing HWI


• Complexity of characterizing resilience at watershed 
scales


• Temporal and spatial considerations in resilience and 
management


• Concept of resilience is not stationary over time


• Occurrence of thresholds


• Resilience in restoration and protection – competing or 
complementary management goals?


• Interplay with social factors that enhance/inhibit resilience
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Panel Presentations – State Examples
Amy Knight, FL – Multi-criteria Approach to Mapping and 


Assessing Resilient Watersheds


Jan Boydstun, LA – Watershed Resilience in Louisianna


Sharon Pfeifer, MN – Gearing Up for Healthy Watersheds in 
Minnesota


Panel Discussion 
• What are the key indicators and methods for assessing 


watershed resilience?


• How can healthy watersheds be sustained?
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GEARING UP FOR HEALTHY 
WATERSHEDS IN MINNESOTA


SHARON PFEIFER


DIVISION OF ECOLOGICAL AND WATER RESOURCES
MINNESOTA DEPARTMENT OF NATURAL RESOURCES


Healthy Watersheds Workshop
Estes Park, CO November 2010







Transformation Vision


“Healthy Watersheds


t
• Sustainable supplies of clean water for people and nature


• Sustainable and resilient species, habitats, ecosystems


• Well-functioning ecosystem services (e.g., flood mitigation, water purification)


hroughout  Minnesota”







81 WATERSHEDS







GREEN INFRASTRUCTURE
LAND COVER AS AN INDICATOR OF WATERSHED HEALTH











WAT Indices by Component











WATERSHED ASSESSMENT TOOL







SENTINEL LAKES PROGRAM
LAKE PRODUCTIVITY AND GROWING SEASON WARMTH


 







CLIMATE CHANGE AND 
CONSERVATION PLANNING







Potential Adaptation Actions for SW Prairie 
Wetlands


Resilience Actions


•Expand reserves to 
buffer remnant wetlands 
and to protect full 
wetland complexes


•Restrict groundwater 
withdrawals







MINNESOTA WATER 
SUSTAINABILITY FRAMEWORK


ü25-year plan to protect, conserve, 
and enhance the quantity and quality 
of the state's ground and surface 
water


üManagement approach that is 
- Sustainable
- Comprehensive
- Integrated
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Working Within Our Means: Establishing 
Proactive Conservation Blueprints 
and Integrated Holistic Strategies for 
Freshwater Biodiversity Conservation


Scott P. Sowa


Great Lakes Senior Aquatic Ecologist
The Nature Conservancy
Lansing, MI


EPA Healthy Watersheds Workshop
November 2-5, 2010
Estes Park, CO



http://www.nature.org/?src=logo�





“Proactive” Conservation
n Missouri WAP
n Geographic Priorities/


Representation


n NPS Condition Assessment
n Developing Desired 


Conditions
n Identifying Problems
n Identifying Likely


Sources







Goal and Objective of the 
Aquatic Component of the MO WAP


GOAL:
“Ensure the long-term persistence of native aquatic 


plant and animal communities, by conserving the 
conditions and processes that sustain them, so 


people may benefit from their values in the future.”


TACTICAL OBJECTIVE:
“Identify and map a set of aquatic conservation 
opportunity areas that holistically represent the full 
breadth of distinct riverine ecosystems in Missouri 


and multiple populations of all native aquatic 
species”







Reserve Design Exercise
n Key questions and decisions
n Which habitats, species, and communities occur 


within our planning region?
n Where are they and in what condition?
n How many, How Big, and What Configuration?
n How will I select among multiple alternatives? 







Data on System Targets
(Species and Communities)


Black 
redhorse


Round 
pigtoe


Golden 
crayfish


Species Richness







Data on System Targets
(Habitats/Ecosystems)


Level 4
Subregions


Level 5
Ecological 


Drainage Units Level 6
Aquatic Ecological


System Types
Level 7


Valley Segment
Types


Zone:
Nearctic zoogeographic zone
Subzone:
Arctic/Atlantic Drainages
Region:
Mississippi Drainage
Subregion:
Ozark Plateau
Ecological Drainage Unit:
Ozark Plateau/Meramec Drainage
Aquatic Ecological System:
Upper Meramec/Dry Fork,
Oak/Woodland Plain,  sandstone
dominated, low gradient and spring
density stream complex
Valley Segment Type:
Warm, perennial, creek with a relatively
high gradient, flowing through sandstone,
and connecting to another creek



http://www.nature.org/?src=logo�





Data on 
Public Stewardship 







Data on Sources of Stress
Synoptic Human Threat Index


Lead Mine 
Density


%Impervious %Cropland Connectivity







Integrated into a Geospatial 
Decision Support System







Representation Strategy


n Plans for each EDU


n Represent 2 populations of all 
target species


n Represent one example of
each Aquatic Ecological System


n Represent interconnected 
matrix of dominant VSTs







AES Selection Criteria
- Target Species 


Richness


Human Threat Index -


- Public Ownership


Public 
Support/Existing 
Conservation 
Initiatives


58
65


55


422


319
419







VST Selection Criteria


n Select complexes:
n containing viable populations of 


species special concern


n with the highest ecological 
integrity


n within existing public lands


n that overlap with existing 
conservation initiatives







Aquatic Conservation Opportunity 
Areas for Missouri


Full network: 174,059 km


COA network: 10,915 km


COAs represent 6.3%







Info for Remaining Logistical Tasks


Continued


Continued


Other Info
•Uncertainties
•Opportunities
•Species
•People







COA Profiles







Uses
General statewide
n Protection:


n COAs priorities for land acquisition and Natural Area designation


n Funding
n To attract and justify grants for on-the-ground habitat projects and 


land acquisition/protection


n Education/Outreach
n DSS training manual and WAP reports are used for staff training 


materials for “Watershed Strategies”  workshops to educate staff 
on watershed scale conservation


n Incentives
n Development and implementation of a conservation marketing 


approach to encourage landowners to implement BMP stream 
conservation projects


n Measuring Success
n Framework and justification for aquatic community and habitat 


surveys to gather baseline and project monitoring data







Uses
S
n Focus


n COAs have been further prioritized; logically-sequenced priorities


n Collaboration
n Multi-discipline MDC teams with project leader have been assigned 


to priority COAs
n Stakeholder teams have been or are being formed with MDC 


assistance and participation


n Leadership
n For rural watersheds we use a conservation marketing approach to 


develop landowner leadership in the conservation effort. 


n Funding
n Grants have been key to our successful funding of habitat projects, 


including the TNC/Crystal Light involvement with the Meramec.


n Land use planning
n Urban fringe watersheds; inform/influence zoning and promote 


smart growth


t. Louis Region







What We Learned
n Developing a list of guiding principles and assumptions was 


critical to planning/selection process
n Core geospatial data are critical to the task, but must be 


complemented by expert input
n Abiotic (habitat/process) targets compliment biological 


targets well
n Representation objectives can be achieved within a 


relatively small area 
n Healthy watershed is a relative term, but hidden “jewels” 


do exist even in the most altered landscapes
n Should be established at a scale that provides focus
n Geographic priorities can significantly enhance all 


conservation strategies, including those addressing 
non-point stressors







Natural Resource
Condition Assessment







Where Did We Miss the Boat?
n Explicitly defining and assessing desired 


conditions for each COA
n Upfront identification of specific conservation 


actions we wanted to improve and integrate
n Putting resources into those improvements 


and integration
n Dynamic protected area priorities
n Targeting of BMPs
n Land use planning
n Policy enforcement or development







Thanks!


Scott P. Sowa
Great Lakes Senior Aquatic Ecologist
The Nature Conservancy
Lansing, MI
ssowa@tnc.org
517-316-2255


http://morap.missouri.edu/
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PROTECTING 
AQUATIC 
RESOURCES 
USING A 
WATERSHED 
BASED 
APPROACH


Puget Sound Characterization Project 


1







Overall Results for Water Flow Assessment
10


Darker Blue = Higher Importance to 
Water Flow Process


Darker Red = Greater Impairment to 
Water Flow Process







Overall Results for Water Flow Assessment
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Synthesis Map







Ecosystem wide characterization –
Fishtrap Creek


Ecosystem Issue


Fishtrap Creek and 
Tributaries


How have 
ecosystem 
processes been 
changed relative to 
issue?


Solution Actions:
Recommended 
protection & 
restoration measures 
and environment 
designations 


Low Dissolved 
Oxygen.  On 303 
(d) list.


Delivery, storage 
and discharge
processes have been 
impaired.  These 
processes govern 
denitrification and 
removal of sediment 
and phosphorous


Restore
depressional 
wetland areas 
downstream of 
agricultural lands.  


Develop mitigation
bank run by 
agricultural community.  
Proceeds from sale of 
credits would be used 
to retire development 
rights in agricultural 
lands at highest risk of 
development.
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Potential Restoration Area
Fishtrap Creek Tributaries


Retire development 
rights  on 
agricultural/urban 
boundary with funds 
from mitigation bank


Potential 
Mitigation
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Potential Restoration Area
Fishtrap Creek Tributaries


A depressional wetland of only 87 acres 
could remove up to 45% of nitrate-nitrogen in 
this watershed (based on 30:1 ratio –
Woltemade 2000)


Potential wetland 
restoration site
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Kitsap County - Overall Results for Water
Flow Assessment


7 Synthesis Map







Illahee Creek Watershed


Public Dock
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Discharge Map – Illahee Creek
Helps establish relative importance of stream system 
and restoration priority


Historic salmon run – year round flows
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Shoreline Issue – Increased Sediment 
Delivery


Public Dock


Downstream Erosion and Bedload Transport and Deposition is Occurring
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Storage is Impaired – Illahee Creek
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Storage & Delivery are Impaired –
Illahee Creek


Headwater wetlands have been filled or impaired and forest cleared
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Solutions and Actions– Illahee Creek


Shoreline Issue How have 
ecosystem processes 
been changed 
relative to issue?


Solution Solutions and 
Actions:
Recommended 
protection & 
restoration 
measures


High sediment 
delivery to shoreline.  
Building of delta –
affecting public 
access to dock and 
habitat functions.  
Loss of salmon 
spawning habitat.


Erosion and Bedload 
Transport.  Higher 
peak flows due to 
reduced storage and 
increased overland 
flow. 


Stormwater Retrofit –
Route runoff from 
impervious surfaces 
to rain gardens, 
infiltration galleries 
and detention ponds


Provisions in SMP for 
stormwater mitigation 
fee. Develop new 
standards for 
stormwater retrofit. 
New BMPs and 
larger buffers 
elsewhere.
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Visualization of Data


¨ Produce and display data in manner useful to local 
government, tribal, NGO & agency planning


SMP updates


GMA updates


Specific Plans


Acquisition and 
Restoration  Actions


Water 
Flow
Index


Water 
Quality 
Index


Fish & 
Wildlife
Index


Water-
shed
Issues


Hydro 
Unit
Impacts


Hydro 
Unit 
Actions


Public 
Rating  of 
Current 
Conditions


Public 
Input


0.3 0.4 0.5 Storm-
water


Diked Remove
Dikes
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Alternative Mitigation 
(Banks, In-Lieu Fee 
programs)
DO = 6mg/l


Total Coliform = 4000 
colonies/ml 







Important Areas for Surface Storage
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Important Areas for Recharge
16
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