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Active 
River Area


Groundwater and 
Ecosystems


Leslie B. Bach, Director of Freshwater Programs, Oregon
Allison R. Aldous, Freshwater Scientist
Mark P. Smith, Director, North America Freshwater Team







The Nature Conservancy’s mission...


• …to preserve the 
plants, animals and 
natural communities 
representing the 
diversity of life on Earth 
by protecting the lands 
and waters they need to 
survive







Conservation By Design


Ecoregional
Assessments


•Portfolio of 
conservation 
priorities


Site
Planning


• Essential 
Ecological 
Attributes


• Threats


Conservation
Action


• Site-specific
and multi-site 
strategies


Measuring
Success


•Monitoring of
KEA’s and 
Indicators







Floodplain and Headwater 
Protection


Active River Area 
Components:


• Floodplains
• Terraces
• Meander Belt 
• Riparian Wetlands
• Material Contribution 


Areas







Active River Area Approach


Look at places through the 
lens of processes


• Ecological Processes
• Physical Processes


Build a framework useful at 
the regional, watershed 
and reach scales.







Example: Identifying Restoration Opportunities


Nashua River, MA







Example:


Identifying the 
Active River 


Area
at watershed and 
regional scales







Groundwater- Dependent 
Ecosystems (GDEs)


• Springs
• Wetlands 
• Rivers
• Lakes
• Species
• Aquifers – subterranean
• Phreatophytic vegetation







Biodiversity depends on groundwater…


• Sole Source of Water
– Salmonids (cold water)*
– Hot Springs


• Water Chemistry
– Calcareous fens


• Hydrologic Regime
– Riparian systems
– Baseflow*
– Wetlands



http://wdfw.wa.gov/gallery/view_photo.php?set_albumName=album08&id=3_Bulltrout_in_River





PNW Groundwater and Biodiversity Project


Regional Assessment:
• Map GDEs
• Describe Threats 
• Identify Priority Areas and Issues


Watershed Planning:
• Importance of groundwater to biodiversity
• Identify groundwater Key Ecological Attributes 
• Conceptual Models


Mgmt/Policy 
Strategies


Protection/
Restoration 
Strategies


Case studies
Strategy Implementation







Regional Assessment


Goal:


• Locate GDEs
• Identify threats to 


groundwater
• Highlight regional 


threats & strategies







GDEs - Wetlands


• Mapped Wetlands 
from a variety of 
sources


• Determined 
Groundwater-
dependence:
- Fens
- Organic Soils
- Proximity to 


Spring







Threats to 
water quality







Total Number of 
GDEs  per HUC6


# GDEs
5
4
3
2
1


GDEs and Water 
Quality Threats







Groundwater Assessment Methods Guide


• Identify Groundwater-
Dependent Ecosystems


• Define Essential Ecological 
Attributes


• Describe Key Processes
• Develop Conceptual Models


• Technically 
robust/Simple to use


• Watershed Based 
Approach


• Illustrative example  







Groundwater dependence







Environmental Water Requirements (EWRs)
Amount, timing and quality of water needed to 
sustain groundwater-dependent ecosystems


Ideal hydrologic regime
Can occur on a limited basis w/o irreversible impact
GDE will be affected


Modified from: Gasca and Ross 2009. Hydrogeology Journal 17: 115-133
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Forest Service
Watershed Condition Framework


 John Potyondy
Program Manager


Stream Systems Technology Center 







Vision for the Forest Service


Ø USDA will use the 
restoration of watershed 
and forest health as a core 
management objective of 
the National Forests and 
Grasslands.


Ø USDA Strategic Plan for FY 2010 – 2015







Watershed Condition Framework


Ø A comprehensive approach for pro-actively 
implementing integrated restoration on focus 
watersheds on National Forests and Grasslands


Ø Provides the Forest Service with an outcome-
based performance measure for documenting 
improvement to watershed condition at Forest, 
Regional, and National scales







Objectives


Ø Establish a systematic process for determining 
Watershed Condition Class


Ø Improve Forest Service reporting and tracking of 
watershed condition


Ø Strengthen the effectiveness of Forest Service 
watersheds restoration


Ø Enable a priority-based approach for the 
allocation of resources for restoration


Ø Enhance coordination with external agencies 
and partners







Watershed Condition Framework


STEP 1
Classify Watershed 


Condition


STEP 2
Prioritize 


Watersheds for 
Restoration


STEP 3
Develop 


Watershed Action 
Plans


STEP 4
Implement 


Integrated Projects


STEP 5
Track Restoration 
Accomplishments


STEP 6
Monitor and 
Verification







Watershed Condition Indicators
WATERSHED CONDITION INDICATORS


(12 Indicator Model)


5. RIPARIAN/WETLAND
VEGETATION


   1. Vegetation Condition


AQUATIC
PHYSICAL


(Weight = 30%)


12. FOREST HEALTH


    1. Insects and Disease
    2. Ozone


11. TERRESTRIAL
INVASIVE SPECIES


   1. Extent & Rate of Spread


AQUATIC
BIOLOGICAL
(Weight = 30%)


TERRESTRIAL
PHYSICAL


(Weight = 30%)


TERRESTRIAL
BIOLOGICAL
(Weight = 10%)


4. AQUATIC BIOTA


   1. Life Form Presence
   2. Native Species
   3. Exotic and/or Invasive
       Species


6. ROADS & TRAILS


   1. Open Road Density
   2. Road Maintenance
   3. Proximity to Water
   4. Mass Wasting


9. FOREST COVER


   1. Loss of Forest Cover


7. SOILS


   1. Soil Productivity
   2. Soil Erosion
   3. Soil Contamination


1. WATER QUALITY


   1. Impaired Waters
       (303d Listed)
   2. Water Quality Problems
       (Not Listed)


2. WATER QUANTITY


   1. Flow Characteristics


10. RANGELAND
VEGETATION


    1. Vegetation Condition


8. FIRE REGIME or
WILDFIRE


   1. Fire Condition Class
       OR
   2. Wildfire Effects


3. AQUATIC HABITAT


   1. Habitat Fragmentation
   2. Large Woody Debris
   3. Channel Shape and
       Function


1. Water Quality


2. Water Quantity


3. Aquatic Habitat


4. Aquatic Biota 


5. Riparian/Wetland Vegetation 


6. Roads and Trails


7. Soils 


8. Fire Regime or Wildfire 


9. Forest Cover


10. Rangeland Vegetation 


11. Terrestrial Invasive Species 


12. Forest Health







Timelines


Ø All National 
Forests will 
complete 6-th level 
HUC Watershed 
Condition 
Classifications by 
March 31, 2011


Region 2
-Example only -


Not Real Data







Enjoy your National Forests
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USDA Forest Service Northeastern Area, State and Private Forestry


From Forest to Faucet


Presented by Martina C. Barnes, US Forest Service


Forests, Water and People: 
Drinking water supply and forest lands


in the Northeast and Midwest United States


Lower Meramec Drinking Water Source Protection Project







USDA Forest Service Northeastern Area, State and Private Forestry


Presentation Overview


• Why the forest to faucet connection is important
• Description of 4-step process
• Analysis results
• Applications of analysis results







USDA Forest Service Northeastern Area, State and Private Forestry


Why the forest to faucet connection is important


• Connection of forests, water and people not 
recognized by decision-makers.


• Forests are first barrier to water contamination.
• Forest conversion threatens future water 


supplies and will increase water treatment 
costs.







USDA Forest Service Northeastern Area, State and Private Forestry


40% forested (75% privately owned)


Water for 52 million people


50% nation’s population







USDA Forest Service Northeastern Area, State and Private Forestry


Analysis Objectives


• Compile a GIS database to help quantify 
forest, water, people connections.


• Develop indicators of watershed condition.
• Evaluate and rank current & future (2030) conditions.
• Identify priority areas for conservation and 


stewardship.







USDA Forest Service Northeastern Area, State and Private Forestry


Step 1: Ability to produce
clean water
+ surface 


water consumers


Step 2: Importance of  watersheds 
for drinking water supply 


+ private 
forest lands


Step 3: Importance of  private
forests for drinking water supply


+ development 
pressure


Step 4: Development pressure on 
private forests important for water


4-Step 
Analysis







USDA Forest Service Northeastern Area, State and Private Forestry


Step 4 Core Layers







USDA Forest Service Northeastern Area, State and Private Forestry


Development Pressure on Private Forests in Watersheds 
Important for Drinking Water Supply (Step 4)







USDA Forest Service Northeastern Area, State and Private Forestry


Index of  Protected Forests near Important 
Surface Drinking Water Areas







USDA Forest Service Northeastern Area, State and Private Forestry


Applications of Forests, water, and people


• APCW - Provides watershed condition index for state 
forest resource assessments.


• Source water stewardship project: Forests, water, and 
people used as baseline data for refined analyses by 
local planners in priority watershed areas.


• WFMIS – Used by watershed forest managers for 
water supply systems in Portland, ME; Springfield, MA; 
and Hartford, CT







USDA Forest Service Northeastern Area, State and Private Forestry


Lower Meramec – Watershed Assessment
Approach


• National-Scale Selection
– Meramec was based on eastern US assessment (FW&P)


• Regional-Scale Screening
– Lower Meramec, Big, and Bourbeuse watersheds
– Examine ability to produce clean water, habitat, recreation
– Identify demonstration site(s)


• Subwatershed-Scale Analysis and Implementation
– Priority analyses (Conservation, Stormwater, Restoration)
– Overlay analysis (habitat, recreation)
– Strategy Exchange and Implementation plan







USDA Forest Service Northeastern Area, State and Private Forestry


Subwatershed-Scale Analysis Approach
1. Watershed Management Priority Indices Analysis
2. Overlay Analysis – Complementary Priorities for Conservation 


(CPI)
– Threatened Lands


• Development Pressure
– Habitat Protection


• Adjacent to Protected Lands
• Wildlife Conservation Opportunity Areas
• Mussel Beds


– Recreation Opportunities
• Greenway Conceptual Plans







USDA Forest Service Northeastern Area, State and Private Forestry


Parcel Analysis – Restoration Priority Index







USDA Forest Service Northeastern Area, State and Private Forestry


Implementation
• Tributary Alliance created a committee for each Strategy 


Exchange topic and selected committee chairs.


• Each committee created its own action plan using the Exchange 
recommendations as a framework. 


• The plans’ components include voluntary, place-based strategies, 
as well as regulatory and enforcement ideas.  


• The Steering Committee developed a brochure 
for use by local governments, 
water suppliers, and conservation groups.







USDA Forest Service Northeastern Area, State and Private Forestry


Acknowledgments
• Al Todd, USFS Washington Office (?)
• Rebecca Lilja, USFS Northeastern Area
• Dr. Paul Barten, University of Massachusetts
• Carl Reeverts, Environmental Protection Agency
• Susan Stein, USFS Forests on the Edge Project
• Emily Weidner, USFS Washington Office
• Kelley Hart, Trust for Public Land







USDA Forest Service Northeastern Area, State and Private Forestry


Contact information:


Martina C. Barnes
US Forest Service


Intermountain Region
801-538-7305


martinabarnes@fs.fed.us


www.na.fs.fed.us/watershed/



http://www.na.fs.fed.us/watershed/�
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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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http://www.fws.gov/�









Definition


• Landscape Conservation Cooperatives are 
management-science partnerships that inform 
integrated resource management actions 
addressing climate change and other stressors 
within and across landscapes. They will link 
science and conservation delivery. LCCs are true 
cooperatives, formed and directed by land, water, 
wildlife and cultural resource managers and 
interested public and private organizations. 
Federal, state, tribal, local government and non-
governmental management organizations are all 
invited as partners in their development.







LCC’s and Watershed Health


• Allow multiple partners to cooperate
• Enable collaboration between many partners
• Can be watershed focused
• Landscape Conservation Cooperatives (LCCs) 


will be fundamental units of planning and 
science capacity that will facilitate strategic 
on-the-ground conservation at landscape 
scales through a partnership approach
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Healthy Watersheds Integrated 
Assessments Workshop 


November 2nd-4th, 2010


Applications of Healthy Watershed 
Integrated Assessment With an Urban Focus


David C Fowler, CFM
Senior Project Manager, Milwaukee Metropolitan Sewerage District


Also: Larry Larson, Association of State Floodplain Managers
Kevin Shafer, PE: Milwaukee Metropolitan Sewerage District







Watershed Management Goals 
(Flood Managers Perspective)


Mitigate the losses, costs, and 
human suffering caused by 
flooding.


and


Protect the natural and 
beneficial functions of 
floodplains.







Trends in Flood Damages


n $6 billion annually
n Four-fold increase from early 1900s
n Per Capita Damages increased by 


more than a factor of 2.5 in the 
previous century in real dollar terms







Postcards From the 
Floodplain







Floodplain Managers Enjoying their work







A lake view was not in the brochure







Reverse Swimming Pool Concept







Truth in Advertising







Wildlife will love the
new road crossing…’







“We ran into a small problem”







Greater 
Milwaukee 
Watersheds







Why do we need a Watershed Approach?
Ø Cost Effective


Ø Current Regulatory and Political Structure Does Not 
Support Well What Needs to be Done


Ø Geopolitical Boundaries Don’t Align with Watersheds


Ø NEED: Balance of Regulatory & Non-regulatory 
Approaches


Ø Flooding (Nothing like a Natural Disaster to focus 
attention)
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Watershed Management Strategy
Ø Assign more weight to environmental management and 


sustainability for water resource projects.
Ø Encourage the collection of the biologic, geomorphic, and other 


data needed to make management decisions
Ø Support the development and implementation of watershed 


planning at all levels of government (financial carrot and stick).
Ø Make financing sustainable floodplain (watershed) 


management more attractive to local governments
Ø Emphasize sustainability in pre- and post-disaster mitigation. 


Or require environmental mitigation as a condition for federal 
disaster assistance. 


Ø Change criteria for structural flood management projects to 
include the hydraulic, biologic, and geomorphic impactrs on 
resources.







Toward a Watershed Based 
Water Resource Management


Ø Water Resource Data Collection
o Historic Watershed/Watercourse Data (USGS Corridor Study, 


Identify data gaps to be filled)


o Channel Cross Section Surveys (Critical for modeling)


o Hydraulic and Hydrology Modeling (Quality and Quantity)


o Sediment Transport Studies and Geomorphic Assessment


o Biological Sampling and Habitat Assessment  (Include Riparian 
Corridor) 


o Water Quality Monitoring In-Stream and Stormwater


o Land Use Data 







Toward a Watershed Based 
Water Resource Management


Ø Watershed Flood Management Plans


Ø Watershed Restoration Plans


Ø Watershed-based Water Quality Monitoring


Ø Watershed Land Use Planning


Ø Watershed–wide Partnerships







Water Quality Initiative (2001 – 2007)
Ø Collaborative Planning Effort


Ø MOU Signed


Ø Traditional Roles/Responsibilities Respected


Ø Bound Together by Watershed Approach
o Geography
o Science-based Decision-making
o Public Involvement


Ø “Pick a Wicked Project”







Advisory Committee Input


Ø Technical: Technical Advisory Team and 
Technical Advisory Committee


Ø Policy: Water Resource Policy Council


Ø Stakeholder: Citizens Advisory Council


Ø Municipal Electeds: Watershed Officials 
Forum







Kinnickinnic River, Old Version of “Improved” Channel







Kinnickinnic River Really Improved
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Remember always keep a canoe handy
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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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Southeast Aquatic 
Resources 


Partnership (SARP) 
& The Southern 
Instream Flow 


Network (SIFN)


Lindsay Gardner, SARP Communications 
Coordinator 


Presented at the EPA Healthy Watersheds 
Integrated Assessments Workshop, Estes 
Park , CO


November 2010







Southern Instream Flow Network 
(SIFN)


Purpose - To implement 
protective instream flow 
policies in 15 southern 
states by providing 
science-based resources 
and opening lines of 
communication. 







Southern Instream Flow Research Agenda 


Goal:  To ensure that instream flow research is focused on 
the needs of water resource managers for scientifically 
credible and protective state instream flow standards and 
practices.


Five Research Priorities:


1.  Regional river classification
2.  Flow alteration assessment
3.  Compilation of regional aquatic data
4.  Ecological responses to flow alteration hypotheses
5.  Field studies to confirm ecology-flow relationships







Priority Research Topic  2. – Identify 
commonalities in ecosystem responses to 


flow alteration


Assessing:


• impervious surface


• water consumption


• dam storage







Third Annual SIFN 
Workshop


Orange Beach, Alabama
December 1-2, 2010


For more information on SARP and SIFN visit: 
www.southeastaquatics.net/program/sifn/ or 


contact Lindsay Gardner at 615-730-8178 or 
lindsayg@southeastaquatics.net.



http://www.southeastaquatics.net/program/sifn/�

mailto:lindsayg@southeastaquatics.net�
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Conserving Green And 
Blue Infrastructure 


In Virginia
“it shall be the Commonwealth's policy to protect its atmosphere, 
lands, and waters from pollution, impairment, or destruction…”







Watershed Assessments 
• Natural Landscape
• Aquatic Ecological Health
• Pollutant Loadings
• Water Quality
• Integrated Assessments
• Impervious Cover







Virginia Conservation Lands Needs Assessment







Virginia Conservation Lands Needs Assessment


• Identifies ecological cores and landscape 
corridors


• It can be used to help protect open 
space, trail networks, wildlife habitat, 
scenic view sheds, recreation, and water 
resources 











Interactive Stream Assessment Resource


• Scientific basis for identifying ecologically healthy streams (a common 
currency)


• Multi-metric ecological assessment that considers the physical condition of 
streams, habitat, fish communities, and macro invertebrate health


• Assessment uses high quality archival and data collected through random 
sampling 


• Over 2500 streams and rivers have been assessed and compared to a 
reference condition 


• Assessment completed through an interagency partnership (VCU, DCR, 
and DEQ)


• All data and the assessment methodology is available on an interactive, 
searchable website housed by VCU: http://instar.vcu.edu/


• Approximately 200 waters have been identified as having high ecological 
integrity (healthy)



http://instar.vcu.edu/�





Modified Index Of Biological Integrity







MIBI (Fish) Watershed Classification


• Ecological health of streams
• Native species richness
• RTE species richness
• Percentage pollution tolerant species
• Non-native species richness







Total Pollutant Loadings (Sediment)







Total Loads Per NPS Pollutant 


• In this example, total sediment loads from all 
land uses are combined and calculated for 
each hydrologic unit


• Total sediment is the sediment yield from all 
land uses


• The summing of NPS pollutant loads by land 
use into total NPS pollutant loads in the NPS 
assessment is simply the addition of values 
with equivalent units







Percentage Of Waters Impaired







Impaired Rivers Watershed Priorities


• NPS impaired riverine water features as miles 
per hydrologic unit.


• Impaired miles were compared to the total 
miles of riverine systems available per 
hydrologic unit


• This comparison is expressed as a percentage 
of the available riverine water miles per unit.







Vulnerability







Virginia Vulnerability Model
• Developed to map predicted growth in 


Virginia and serves as an indicator of 
impervious cover 


• It represents predicated growth pressures 
across the urban, suburban and rural 
landscape. 











• To identify the relative value of lands as 
they contribute to water quality and 
watershed integrity 


• To meet the Chesapeake Bay Directive 
- areas where retention and expansion 
of forests is needed


Watershed Integrity Model Objectives







Watershed Integrity Model Data Layers


• MIBI – INSTAR 
• Erodible Soils and Slope
• Forest Fragmentation
• Impervious Surfaces
• Erodible Soils
• Slope
• Forest Fragmentation
• SPARROW or NPS data from Division of Soil and 


Water
• Stream Density (m/sq km) 







How Are These Models Being Used?
• State and interstate watershed planning 


initiatives
• Integrating conservation messages into existing 


programs 
• Conservation based planning assistance to 


local governments 
• Leveraging and coordinating natural resources 


management programs







Land Conservation 


• Healthy waters data can inform land conservation 
decision making


• It can strengthen the case for conservation – not just 
terrestrial resources but aquatic resources


• It can expand the base for conservation because clean 
water is a priority for everyone


• Land conservation has broad support and is an 
administration priority – our challenge is to harness that 
support for conservation of healthy waters 







Ecosystem Based Management


• Virginia is promoting ecosystem based management as a way to 
sustain quality of life and long term economic security 


• Agency staff and university partners have developed decision 
support tools in the form of data and interactive mapping 
products that identify the location of healthy waters and 
important natural areas


• These tools inform technical assistance and facilitation support 
for community engagement, planning, and code and ordinance 
development







Questions


Rick Hill
Planning and Policy 
Manager
Virginia Department 
of Conservation 
and Recreation
rick.hill@dcr.virginia.gov



mailto:rick.hill@dcr.virginia.gov�
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A National Water Census
* Part of the                    Initiative


To place technical information and tools in the 
hands of stakeholders, allowing them to 
answer two primary questions about water 
availability:
Does the Nation have an enough freshwater to 
meet both human and ecological needs?
Will this water be present to meet future 
needs?







2002
Cir. 1223
on Water


Avail. & use


2007
SWAQ


2005


2007
Strategic
Sci. Plan


2009
2009
NRC
Report
on WRD


2011


Great Lakes
Pilot Study


SECURE 
Water Act


Water Availability and Use Assessment


How did we get to where we are today?







Account for water with a “budget”


Generating and delivering information 
for water accounting


Envision a seamless coverage of 
information for a water 
accounting component ET


Baseflow
Runoff
Precipitation


Recharge
Surface 
Storage


And if you could get that info for all 
accounting components







Assess Groundwater’s role in Water Availability


Use the strength of and
enhance the resources
within this program to provide
the information on:


• Recharge
• GW yields
• Changes in storage.
• Saltwater Intrusion
• Trends in GW Indices
• Artificial Recharge
• GW/SW Interactions







Enhancing the Nation’s Water Use Information
Use New Methods to 
Estimate Water Use


• Stratified Random
Sampling


• Regression Models


Develop models of 
water use based on 


land use


Ability to track water 
from point of 


withdrawal thru to 
return of flow


A web application for delivering water 
availability information at scales that are 
relevant to the user


Select the area of interest.
Generate information on 
water accounting components
Work with the online tool to 
construct your water budget
Access trend information







New Authority: Water Use Grants to States







Focused Water Availability Assessments


SW Trends, 
Precipitation, etc


State, Local, Regional
Stakeholder Involvement


Defined Technical 
Questions to
be Answered


Global ChangeEco Flows


Water Use


Water Quality Groundwater
Resources


Colorado River
Delaware River
ACF Rivers 







Ecological Flow Framework
We want to assist with the development of an ecological 
flow / ecological water framework by:


1. building a national hydrologic foundation of baseline 
hydrographs or hydrologic statistics for all ungaged
streams using statistical or flow modeling tools; 


2. deriving and serving a set of ecologically-relevant flow 
attributes that can be used to classify streams into 
distinctive regional and national flow regime types; 


3. developing classification tools that allow environmental 
flow practitioners to evaluate a region of interest at the 
scale necessary for sound management


4. developing a user-driven and web-available hydrologic 
assessment tool that can be applied to any designated 
region.







Linking the Water Census and Healthy Watersheds


Important characteristics 
of HWI:


• Habitat supportive of native 
aquatic and riparian species


• Biotic refugia/habitat for 
survival during droughts


• A natural flow regime that 
supports aquatic species


• Natural transport of 
sediment


• Healthy aquatic biological 
communities


• Water quality that supports 
biotic communities 


• Green infrastructure 
network of native vegetation 
in the landscape


• Functioning natural 
disturbance regimes


Water Census Components


• Precipitation


• Evapotranspiration


• Storage in Reservoirs, 
Lakes, Snow and Ice


• Surface Water


• Groundwater


• Ecohydrological Needs


• Water Withdrawals


• Return Flows


• Consumptive Uses


• Run-of-the-River Uses
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Integrating fluvial geomorphic, physical habitat 
and biological assessments in support of 


watershed protection and restoration


Mike Kline    
Vermont ANR


River 
Management 


Program







VT ANR  Stream Geomorphic Assessment Program


Watershed – Phase 1 
Land use, Riparian,  
Channel and Floodplain 
Modifications


Reaches – Phase 2 
Condition    - Departure      
Adjustments - Evolution       
Sensitivity    - Rate


Sites – Phase 3
Hydraulics            
Sediment Transport


Habitat Assessment


Bridge/Culvert/Dam







Stream Equilibrium & Habitat
Boundary Resistance Stream Power


Watershed Input:
Sediment Load


Watershed Input:
Hydrologic Load


Bedform heterogeneity, substrate retention, and lateral/long 
connectivity maximized at the Equilibrium Condition







Stream Geomorphic Assessment 


Flow and sediment load indicators 
are assessed as the primary 
controlling factors influencing 
equilibrium, hydraulic geometry, 
and stream power.


Watershed-scale Stressors







Stream Geomorphic Assessment


Changes in channel, floodplain 
and valley characteristics are 
assessed to understand how 
depth, slope, and boundary 
resistance influence hydraulic 
geometry, stream power, and the 
sorting and distribution of 
sediment and organic material.


Reach-scale Stressors







I


II


III


IV-V


On average 31.4% of Vermont assessed streams 
have been historically straightened and channelization.


Stages II and III of planform evolution
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Alteration of Hydrologic, Sediment and Large Wood Regimes
Departures in the size, quantity, sorting, and distribution of materials


Cover, Feeding, Refuge, and 
Reproductive Habitats Affected


Abandoned Floodplain


Current Floodplain







Floodplain
Terrace 1


Incising Channel


Widening


Terrace 1


Floodplain III


I


I


II


III


IV


V


Aggrading


Depositional Streams Converted to Transport Streams 
Channelization alters Hydrologic, Sediment and Large Wood Regimes
Departures in the size, quality, sorting, and distribution of materials


73.5% Assessed Streams in Disequilibrium                  
Lacking Access to a Floodplain


III 36.6% 
Incised and 
Widening


IV 14.7%
Incised and
Depositional


V 1.3% 
Restored
Equilibrium


I 25.2%
Equilibrium


II 22.2%
Incised and
Steepened


1,500 miles of field assessed streams Schumm channel evolution model


Terrace 2







Vermont Reach Habitat Assessments evaluate river and 
riparian components of cover, feeding, and reproductive habitat


As created and maintained by                                               
the physical regimes of:


• Hydrology
• Sediment
• Large wood and organics
• Lateral and longitudinal connectivity
• Temperature







Reach-Scale Rapid Assessments
Large forms and processes
inferring smaller-scale
forms and processes







Riffle Stability Index   (Kappesser,  2002)


Link Habitat Quality to Large & Mid-Scale Physical Processes
Macroinvertebrate cover habitat – hydraulics, hydrology, and sediment transport 







VT Reach Habitat Assessment (RHA)
Key attributes:


- Evaluations based on different reach morphologies
- Analysis of key life cycle requirements in the context of 


larger-scale physical processes provide an opportunity to 
evaluate and address a broader range of possible stressors


Step-Pool Riffle-Pool Plane Bed Braided







Source: Montgomery and Buffington, 1997 







8.1 Woody Debris Cover
LWD pieces / mile
Abundance of larger LWD
Debris jams / mile
Wood recruitment potential
CPOM coverage


8.2 Bed Substrate Cover
Riffle embeddedness
Margin embeddedness
Fining
Riffle stability index
Sediment mobility and sorting


8.3 Scour and Deposition Features
Pools / mile
Abundance of larger pools
Pool cover
Riffle (ripple) coverage and form
Riffle (ripple) spacing
Hydraulic pattern, distribution
Deposition


8.4 Channel Morphology
Width / depth ratio
Entrenchment ratio
Incision ratio
Channel alteration


8.5 Hydrologic Characteristics
Wetted width / bankfull width
Exposed substrate
Adjacent wetland features
Flow alteration


8.6 Connectivity
Reach obstructions
System obstructions
Refuge


8.7 River Banks
Amount of bank erosion
Bank vegetation
Bank canopy
Undercut banks / mile
Abundance of larger undercut banks, stability, 


and overhanging vegetation
Water adjacency thalweg side
Mass failures


8.8 Riparian Area
Buffer width
Riparian vegetation
River corridor development


Parameters and Variables in the Vermont Reach Habitat Assessment Protocol


Key Ecological Processes
Longitudinal Connectivity
Riparian/Floodplain Connectivity
Sediment Regime
Hydrologic Regime
Temperature Regime
Large Wood / Organics Regime


Habitat Types
Cascade / Step Pool
Plane Bed
Riffle-Pool / Dune-Ripple


Habitat Complexity
Disturbance Regime
Habitat Heterogeneity


Aquatic Life Cycle Requirements
for eggs, y-o-y, juvenile, & adult fish; 
aquatic macroinvertebrates; and
amphibians, reptiles, other wildlife 


Cover/Shelter Habitat based on
Wood Debris
Sediment Substrates
Riparian Vegetation
Channel Morphology


depth-velocity
side channel refuge
bank undercuts


Feeding Habitat
Allochthonous Production
Autochthonous Production


Reproductive-Seasonal  Habitat
Migration
Substrates







Large Woody Debris
Link Variable to Stressors, Physical Processes & Treatable Cause


Variables Stressors Regime 
departure


Stressors 
due to…


LWD / mile


LWD size


Debris jams / mile


Recruitment 
potential


CPOM Coverage


Limited sources of 
woody material


Wood Lack of mature 
riparian forest


Wood Lack of upstream 
inputs


Limited retention 
of wood in channel


Hydrologic, Sediment Incised channel


Hydrologic, Sediment Straightened 
channel


Hydrologic, Sediment Channelization


Hydrologic Larger/ frequent 
floods


Connectivity Isolated floodplain







Channel Evolution and LWD


Stage II:
Incised condition
Increased power
Reduced LWD retention
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Changes in Habitat Condition    
during Channel Evolution
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RHA = Habitat Assessment
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Vermont Research to Integrate Assessment of Biological Integrity 
with Geomorphic-based Habitat Assessments 


Current limit of our 
understanding







Channel Evolution and EPT


I   Stable


II  Incised


III  Widening


IV  Narrowing


V  Stable


EPT richness rebounds as channel evolves back to equilibrium







RHA Scores versus 
Mean Macroinvertebrate 
Metrics for 7 BASS Lab Sites


West Br. Little River 6.5 (N=10)
West Br. Little River 7.5 (N=11)
Ranch Brook 1.5 (N=9)
Big Spruce Brook 0.2 (N=7)
Pinnacle Brook 1.3 (N=1)
E. Trib. Roaring Brook 0.3 (N=4)
W. Trib. Roaring Brook 0.2 (N=5)


Highest correlations with 
macroinvertebrate metrics


• Riparian area 
• Stream bank 
• Substrate cover
• Connectivity variables 







Application of Generalized Regression Neural Network
University of Vermont Bree Mathon, Donna Rizzo, Lori Stevens, Alison 


Penchenick, Mike Kline, Gretchen Alexander, Steve Fiske, Rich Langdon 


• ~1,500 stream miles out of 
23,000 stream miles in Vermont 
have phase 2 assessments 
(~2,500 reaches)


• 1292 locations with both RHA & 
RGA


• QA/QC by VTANR (as of August 
19, 2009)


• Subset of 46 reaches have 
additional fish health assessments


• Subset of 133 reaches have 
macroinvertebrate health 
assessments







46 Reaches With Fish Data: 
Corresponding RGA & RHA
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133 Reaches with Macroinvertebrate Data
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Challenges to understanding linkages:


• Fish and macroinvertebrate data collection methods originally 
established to control for physical variability and monitor 
impacts associated with pollutant discharges.


• Both geomorphic and biological data indicate physical form 
and process but at very different scales.


• Summary metrics help to obscure relationships in the data.


Further Research Needed





		Slide Number 1






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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Integrating Healthy Watersheds Concepts with 
Transportation Systems Planning at the 
Metropolitan Scale


November 2010


Presented by: 
Christopher Linn, AICP


Senior Environmental Planner


Healthy Watersheds Integrated Assessments Workshop
Estes Park, CO
November 2–4, 2010











Smart Conservation Model







Regional GreenSpace Network







Transportation, Land Use and Conservation


Traditional Transportation Project Development Approach to 
Environmental Resource Protection
§ Avoidance, minimization and compensation for protected resources
§ Resource concerns addressed during project development


Integrated Conservation Approach
§ Protection of integrated ecological systems
§ Aquatic resources and terrestrial resources
§ Identification of high-value or “healthy” resources
§ Creating a vision for Green Infrastructure
§ Pro-active protection of healthy watersheds through transportation 


and land use planning







Integrating Conservation and Transportation Planning


Project Goal
§ Analyze and evaluate the primary, 


secondary and cumulative impacts of 
transportation improvements on the full 
range of resources necessary to maintain 
healthy watersheds.  Assess impacts 
beyond the project right of way, with a 
focus on maintaining biodiversity and a 
healthy hydrologic cycle.  Minimize 
conflicts between transportation and the 
maintenance and creation of regional 
Green Infrastructure in the planning 
process.







Integrating Data Layers and Prioritization Models







Resource Data Layers







Resource Prioritization Layers







Green Infrastructure Layers







Green Infrastructure Screening Tool







Green Infrastructure Screening Tool







Questions?
Christopher Linn, AICP
Senior Environmental Planner
215.238.2873
Clinn@dvrpc.org



mailto:Clinn@dvrpc.org�
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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
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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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Conceptual Basis for Evaluating Healthy Watersheds
Prof.  James H. Thorp and Prof. N. LeRoy Poff
University of Kansas Colorado State Univ.


Pecos River











Terrestrial and Riparian 
Landscape


Instream Infrastructure 
(dams, etc.)


Water Quality
(chemical 
integrity)


Stream Flow Habitat Network 
Connectivity


(Typology) (Typology)


Hydrogeomorphic
Context 


(physical integrity)


Ecological Process 
and Condition 


(biological 
integrity)







General Conceptual Design Approach for HWI Condition Assessment


Identify management needs


Determine management goals


Develop testable questions, and
hypotheses for each question


Select appropriate spatiotemporal
scales for effective management


Select appropriate independent
and dependent variables


Conduct geospatial analysis


Select areas for management
and sample sites


Employ appropriate sampling
techniques and methodologies


Analyze results and test additional
questions/hypotheses if appropriate


From an “In Prep.” paper by Thorp et al.







For example: To manage a watershed, you would assess basin condition  by stratifying your
samples at the next lower level  (FPZ). You would then collect data within reaches of each
FPZ, average these data,  and then compare among FPZs for the variables of interest.


FPZ = Functional Process Zone (Thorp et al. 2006, 2008),
which is a statistically delineated, hydrogeomorphic 
patch (HP) at the valley level. From an “In Prep.” paper by Thorp et al.







Kanawha River


LeRoy Poff


Jim Thorp
LeRoy Poff


Jim Thorp







River Continuum Concept (Vannote et al. 1980)
• relatively gradual and continuous change in


physical features
• predictable ecosystem structure


and function


Riverine Ecosystem Synthesis (Thorp et al. 2008)
river structured into repeatable, hydrogeomorphic


(HP) patches, only partially predictable in location
system structure, function & services variable with HP


•
 


•







Subject Categories of our 17 Model Tenets (from journal article and book)


Distribution of Species (4)
• Tenet 1: Hydrogeomorphic Patches
• Tenet 2: Importance of FPZ Over Clinal Position
• Tenet 3: Ecological Nodes
• Tenet 4: Hydrologic Retention


Community Regulation (5)
• Tenet 5: Hierarchical Habitat Template
• Tenet 6: Deterministic vs Stochastic Factors
• Tenet 7: Quasi-Equilibrium
• Tenet 8: Trophic Complexity
• Tenet 9: Succession


HGM complexity linked to greater 
biodiversity and food web complexity


Ecosystem and Riverine Landscape Processes (8)
• Tenet 10: Primary Productivity Within FPZs
• Tenet 11: Riverscape Food Web Pathways
• Tenet 12: Floodscape Food Web Pathways
• Tenet 13: Nutrient Spiraling
• Tenet 14: Dynamic Hydrology
• Tenet 15: Flood-Linked Evolution
• Tenet 16: Connectivity
• Tenet 17: Landscape Patterns of FPZs


HGM complexity should promote
greater nutrient retention and
carbon sequestration.







Step One


Multivariate Analysis


Step Two


Hydrogeomorphic  Classification 


Step Three


Applications of
River Typing


River Typing Based on ArcGIS,
MATLAB & Remote Sensing Techniques







[For more detail, see Thorp et al. 2008 and review papers by Thoms et al. and Williams et al.]







Data Collection Sites
(Kansas River)







Determination of Channel
Belt (Kansas River)















Kanawha River, West Virginia







Lowland Alluvial


Open Valley Upland


Constricted High Energy


Lowland Constricted


Upland Constricted


Reservoir 







Repeatable and
predictable FPZ


Repeatable FPZs but partially
unpredictable in position
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Functional Process Zones
in the Kanawha River
• channels usually very constricted
• valleys typically sinuous
• major geologic differences
• BUT, location of many FPZs are


still unpredictable
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Selected Hydrogeomorphic Attributes
Shoreline complexity * L LM H H L M
Relative number of channels L L H MH L L
Functional habitats within channels L LM M H L LM
Channel/island permanence M M L H M H
Floodplain size and connectivity with main channel L MH M H L L


Ecosystem Benefits and Services
Natural Ecosystem Benefits
Biodiversity (species richness and trophic diversity) L M L H L M
Proportion of native biota (prior to any change in FPZ) H H H H L L
Primary and secondary productivity L M M H L H
Nutrient cycling and carbon sequestration L LM LM H L H
Water storage L LM L H L H
Sediment storage L M M H L H


Anthropocentric Services
Food and fiber production ** L M L H L M
Water withdrawal potential MH M L M H H
Recreation LM LM L H L H
Disturbance and natural hazard mitigation L M L H H H
Maintenance and catastrophic risk of failure N/A N/A N/A N/A M H
Transportation H M L M H H


* = ratio of shoreline length to downstream length
** Agricultural crop production not included


Ecosystems Services by FPZ


Selected Hydrogeomorphic Attributes


Ecosystem Benefits and Services
Natural Ecosystem Benefits


Anthropocentric  Services


Cost/Benefit Ratio for Different
Types of FPZs.


Using FPZs to Aid Rehabilitation


Cost/Benefit Ratio for Different Service
Types for  Geomorphically Complex FPZs


From Thorp et al. 2010, BioScience











Towards integration of key 
indicators of “healthy 


watersheds”


Need to 
consider how 


aquatic 
systems 
function







A perspective on integration of key 
elements into a functional 


perspective of how watershed 
healthGIS “coarse-


filter” analysis 
Terrestrial and Riparian 


Landscape
Instream Infrastructure 


(dams. levees, etc.)


Water Quality
(temperature, 


erosion, nutrients, 
metals, etc.)


(chemical integrity)


Stream flow regime 
(hydroperiod, water levels)


Habitat structure 
(grain sizes, channel 


morphology)


Network 
Connectivity


(barriers, habitat 
fragmentation)


Necessary 
but not 
sufficient


Hydrogeomorphic context: 
(natural disturbance regime, 


flow-mediated habitat 
dynamics, lateral connectivity) 


(physical integrity) Key element for at-
a-site and whole-
watershed health


Ecological processes and condition 
(biological integrity)







The Natural Flow Regime: a 
Conservation Cornerstone


Ø Structure and function of 
river ecosystem, and 
adaptations of constituent 
species, are shaped by the 
pattern of temporal 
variation in river flows.


Ø Daily, seasonal, annual


Ø Flow regimes vary along 
river’s length and 
regionally


(Poff et al., 1997, 
BioScience)







Natural flow regime components support 
ecological processes and functions


Bunn & Arthington. 2002. 
Environmental Management







Streams and rivers differ in natural flow regimes


Key components that 
characterize a full flow 
regime and that have 
ecological importance:


Magnitude of discharge –
amount


Frequency of events
Duration 
Timing - regularity and 


seasonal predictability
Rate of change 







Streams and rivers differ in natural flow regimes


Different hydrogeomorphic contexts and thus different 
expectations of biological condition 







Poff & Ward (1989), Poff (1996).


Flow regime classification can assist in stratifying 
watersheds at broader geographic scales


Ø Regime types are strongly influenced by climate and geology, and 
thus are not solely defined by ecoregion







Massachusetts – flow classification 
of least impaired basins 


Characteristics and Classification of Least 
Altered Streamflows in Massachusetts
By David S. Armstrong, Gene W. Parker, and 


Todd A. Richards
http://pubs.usgs.gov/sir/2007/5291/pdfs/5291_bdy.pdf







New Jersey – reference gauges







Reach-scale flow classifications: Modeling 
ungauged streams 


 Michigan  (Seelbach et al., 1997)
New Zealand (Sneldor & Biggs, 2000)


Numerous rainfall-runoff or GIS regression models to estimate unimpaired flows.


Research Need: account for surface water modifications (dams, etc.)
Research Need: account for Groundwater fluxes







Principle: Flow regime (and coupled habitat 
dynamics) a key driver of biological integrity


Corollary: Flow alteration impairs biological integrity


Question: How much flow alteration is “too much”?


GIS “coarse-
filter” analysis 


Terrestrial and Riparian 
Landscape


Instream Infrastructure 
(dams. levees, etc.)


Water Quality
(temperature, 


erosion, nutrients, 
metals, etc.)


(chemical integrity)


Stream flow regime 
(hydroperiod, water levels)


Habitat structure 
(“geomorphology”


)


Network 
Connectivity


(barriers, habitat 
fragmentation)


Necessary 
but not 
sufficient


Hydrogeomorphic context: 
(natural disturbance regime 


(flow-mediated habitat 
dynamics, lateral connectivity) 


(physical integrity) Key element for 
at-a-site and
whole-watershed 
health


Ecological processes and condition 
(biological integrity)







The Ecological Limits of Hydrologic Alteration  (ELOHA)
A framework for developing regional 


environmental flow standards


LeRoy Poff, CSU
Brian Richter, TNC 


Angela Arthington, ARI (Australia)
Stuart Bunn, ARI (Australia)


Robert Naiman, UW 
Eloise Kendy, TNC 


Mike Acreman, CEH (UK)
Colin Apse, TNC 


Brian Bledsoe, CSU 
Mary Freeman, USGS 


James Henriksen, USGS 
Robert Jacobson, USGS 
Jonathan Kennen, USGS 


David Merritt, USFS 
Jay O’Keeffe, UNESCO-IHE (Netherlands)


Julian Olden, UW 
Kevin Rogers, U. Witwatersrand (SA)
Rebecca Tharme, IWMI (Sri Lanka)


Andrew Warner, TNC


Motivation: flow regime is critical to ecological integrity but 
we lack a scientifically sound basis for developing 


environmental flow standards at regional scale











Step 1. Hydrologic Foundation


SCIENTIFIC PROCESS


Monitoring


Acceptable
Ecological Conditions


Societal
Values and 


Management 
Needs


Implementation


SOCIAL PROCESS


Adaptive Adjustments


Flow Alteration-Ecological 
Response Relationships


by River Type


Stream Hydrologic
Classification


Degree of 
Hydrologic
Alteration


Hydrologic 
Alteration


by River Type


Baseline
Hydrographs  


Developed
Hydrographs  


Ecological Data 
and Indices  


Environmental 
Flow Standards


Hydrologic Model
and Stream Gauges


Flow - Ecology
Hypotheses


Geomorphic 
Stratification


Step 4. Flow-Ecology Relationships


Step 3.  Flow Alteration


Step 2. Stream Classification


IHA (TNC), HIT (USGS)


Habitat typing (e.g., reach, valley 
bottom (RES))


Impaired
Ecological 
Integrity


Model baseline hydrographs 
and developed







Step 1. Hydrologic Foundation


SCIENTIFIC PROCESS


Monitoring


Acceptable
Ecological Conditions


Societal
Values and 


Management 
Needs


Implementation


SOCIAL PROCESS


Adaptive Adjustments


Flow Alteration-Ecological 
Response Relationships


by River Type


Stream Hydrologic
Classification


Degree of 
Hydrologic
Alteration


Hydrologic 
Alteration


by River Type


Baseline
Hydrographs  


Developed
Hydrographs  


Ecological Data 
and Indices  


Environmental 
Flow Standards


Hydrologic Model
and Stream Gauges


Flow - Ecology
Hypotheses


Geomorphic 
Stratification


Step 4. Flow-Ecology Relationships


Step 3.  Flow Alteration


Step 2. Stream Classification


IHA (TNC), HIT (USGS)


Habitat typing (e.g., reach, valley 
bottom (RES))


Ecological 
Integrity


Key Point: It’s the deviations from the 
‘baseline’ that drive the ecological 


response!
(true also for temperature, nutrients)







Selection of Flow Variables For 
Classification, Hydrologic 


Alteration and Flow-Ecology 
RelationshipsSatisfy multiple constraints … 


Strongly linked to ecological condition/processes 
Amenable for use as water management targets 
Limited estimation error 
Capture range of natural hydrologic variability 


Also, ecological endpoints should reflect both 
ecological integrity and things people care 
about







Simple example of ecological response to flow-regime context


- +


Stable Groundwater Stream


na
tiv


e 
fis


h 
ab


un
da


nc
e


Change in duration of 
low flows  


Lots of pool habitat 
(geomorphic context)


Range of variation for 
selected flow variable for 
unaltered sites 


Range of variation in 
ecological metric for 
unaltered 


Empirical observations 
(hypothetical)


By contrast, groundwater stream might be very sensitive to 
increased flashiness (hydropower) … but a perennial flashy stream 
would be sensitive to increased flow stability!







GIS “coarse-
filter” analysis 


Terrestrial and Riparian 
Landscape


Instream Infrastructure 
(dams. levees, etc.)


Water Quality
(temperature, 


erosion, nutrients, 
metals, etc.)


(chemical integrity)


Stream flow regime 
(hydroperiod, water levels)


Habitat structure 
(“geomorphology”


)


Network 
Connectivity


(barriers, habitat 
fragmentation)


Necessary 
but not 
sufficient


Hydrogeomorphic context: 
(natural disturbance regime 


(flow-mediated habitat 
dynamics, lateral connectivity) 


(physical integrity) Key element for 
at-a-site and
whole-watershed 
health


Ecological processes and condition 
(biological integrity)


ELOHA







At watershed scale, a network of channels


http://www.hydrocomp.com/publications/gis_hfam.htm


http://tycho.knowlton.ohio-state.edu/bdes.html







Potential metrics for network scale:


(from Frissell, Poff & Jensen, 
2001, Assessment of biotic 
patterns in freshwater 
ecosystems)


Connectivity – habitats that are hydrologically connected (along flow 
paths)àmetapopulation dynamics, spatial refugia, recolonization


Redundancy – functionally similar habitats that are in hydrologically
decoupled (separate subwatersheds) (“spreading the risk”) 







Some thoughts on assessing “healthy watersheds” at state 
scale in an integrated fashion that reflects key system 


processes in a management context
• Watersheds (at some scale) are stratified by flow regime types to 


capture range of dynamic variation that sets expectation on 
ecological condition


• A “healthy” (and resilient) watershed 
would have:
• Water quality exceeding an 


acceptable threshold (relative to 
regional reference potential)


• Intact habitat structure and habitat 
diversity


• Intact flow regime connects habitats
• High network connectivity and 


redundancy of ecologically 
important habitat







Resilience and adaptation in a rapidly changing 
world


• Resilience may need to be considered at a larger 
spatial extent, i.e., the regional distribution of 
healthy watersheds (redundancy) within a larger 
river basin and their potential for hydrologic 
connectivity





		Slide Number 1






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/



mailto:ssowa@tnc.org�

http://www.nature.org/?src=logo�

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


3


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.


4







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


10







Storage is Impaired – Illahee Creek


11







Storage & Delivery are Impaired –
Illahee Creek


Headwater wetlands have been filled or impaired and forest cleared


12







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.


13







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
15







Important Areas for Recharge
16
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A National Assessment of Landscape Influences on 
Riverine Fishes of the Conterminous United States


Peter Esselman1,2, Dana Infante1, Lizhu Wang3, 
William W. Taylor1, Arthur Cooper1,2, Dan Wieferich, Darren 


Thornbrugh1, Jared Ross1 & Gary Whelan3


1. Department of Fisheries and Wildlife, Michigan State University, East Lansing, MI
2. University of Michigan
3. Michigan Department of Natural Resources and Environment







www.fishhabitat.org


Mission:  To protect, restore and enhance the nation’s 
fish and aquatic communities through partnerships 
that foster fish habitat conservation


Mission:  To protect, restore and enhance the nation’s 
fish and aquatic communities through partnerships 
that foster fish habitat conservation


2010 Objectives (partial list)2010 Objectives (partial list)


• Conduct a condition analysis of all fish habitats
• Identify priority fish habitats
• Establish 12 or more partnerships


• Conduct a condition analysis of all fish habitats
• Identify priority fish habitats
• Establish 12 or more partnerships







Science and Data Purpose
• Support Mission of the Action Plan
• Support Board and Partnership decision 


making
• Record achievements and progress
• Provide opportunities for improved data and 


knowledge exchange







Key Assessment Tenets
• Measure process condition not symptoms
• Base system infinitely flexible


– Analysis – Any geo-referenced possibility
– Include detailed partnership data
– Summarize data horizontally and vertically


• Vertical - NHD+ spatial framework
• Horizontal - System and waterbody classification 


– WWF Aquatic Zoogeography Units
– TNC Ecological Drainage Units
– NOAA Coastal and Estuarine Drainage Areas. 







Processes
• Hydrology
• Connectivity
• Material Transport
• Water Quality
• Bottom Form and Living Habitat
• Energy Flow







Assessment Vision
• Determine the status of each process 


condition
– Consistently measured or translatable variables
– Nationally available


• Compare to the natural or expected variation
– Determine if process is outside of expectations
– 25% threshold as initial estimate of impairment
– Score each variable within each process on an 


appropriate scale
• Weighted regionally using fish response data 







Approach
• Adopted a landscape view:


– Human activities in landscapes 
limit aquatic habitat conditions 
(Gergel et al. 2002; Allan 2004)


– Allows for estimation of habitat 
condition continuously across all 
river reaches


• Incorporated fish indicators of 
habitat quality to guide 
scoring process


• Go from mountains to shelf


Network
catchment


Local
catchment


Habitat


Fishes







ReachReach


Spatial framework and datasets


• National Hydrography Dataset plus 
(NHD+); 2.6 million reaches w/ 
catchments defined


– Publically available for 
conterminous US, Hawaii


– Network topology defined


– Accompanied by database 
tools that summarize 
variables in catchments


Reach Local 
catchment


Network 
catchment







Landscape variables
• Identified GIS datasets with human 


disturbance variables that were:
1. Representative of conditions 


since 2000
2. Consistent across study area
3. Meaningful for assessing fish 


habitat
4. Of fine enough spatial resolution 


to compare between local 
catchments







Landscape variables
Abiotic variables:         Mean slope of local catchment (degrees)


Mean annual air temperature (degrees C)
Mean annual precipitation (mm/year)


Network catchment area (km2)
Baseflow IndexAnthropogenic:


Open/Low intensity urban (%)
Medium intensity urban (%)
High intensity urban (%)
Pasture/hay (%)
Cultivated crops (%)
Population density (#/km2)
Road crossings (#/km2)
Road length (m/km2)
Dams (#/km)
Mines or mineral processing plants (#/km2)
Toxics Release Inventory sites (#/km2)
National Pollution Discharge Elimination System sites (#/km2)
Superfund National Priorities sites (#/km2)


• 13 variables selected based on:


– interpretability


– utility for nationwide analysis


– literature review


– relationships to other variables







WMT


XER


NPL


SPL


TPL


CPL


SAP


NAPUMW


Western Mountain (WMT)
• % Native Water Col Individuals, 


Native Lithophilic Individuals, 
Native Herbivore Taxa, Native 
Lotic Individuals, Omnivore Taxa


Xeric Region (XER)
• Herbivore Individuals, 


Lithophilic Taxa, T & E 
Individuals


Southern Plains (SPL)
• Omnivore Taxa, Native 


Herbivore Taxa, Native 
Lithophilic Individuals, Native 
Lotic Individuals, Native Water 
Column Ind. 


Northern Plains (NPL)
• Herbivore Individuals, 


Lithophilic Taxa, T & E 
Individuals


Upper Midwest (UMW)
• Native Herbivore Taxa, 


Native Hider Taxa, 
Intolerant Individuals, 
Lithophilic Individual, 
Omnivore Individuals, 
Piscivore Individuals, T & 
E Individuals, Water 
Column Taxa


Northern Appalachians (NAP)
• Herbivore Individuals, 


Intolerant Individuals, 
Native Lithophil Taxa, 
Native Piscivore Taxa


Southern Appalachians (SAP)
• Lithophilic Individuals, 


Intolerant Individuals, Native
Piscivore Individual, Native 
Rheophilic Taxa, Native 
Water Column Ind.


Coastal Plains (CPL)
• Herbivore Taxa, Native 


Invertivore Taxa, Nesting 
Individuals, Omnivore 
Individuals


Tallgrass Prairie (TPL)
• Herbivore Taxa, Invertivore


Individuals, Native Lithophil
Taxa, Native Lotic Individuals, 
Native Piscivores, Nesting Taxa, 
Water Column Taxa


 







Indicator-Stress relationships
Network mine 
density (SAP)


Repeating 
characteristic pattern


% Local Pasture (SAP)


Local dam 
count (SAP)


Catchment 
Mine Density 
(SAP)







Classify condition classes for each 
indicator-stress plot


5
4 3 2


% Network Medium Density Urban (NAP)


Upper= 0.012
Lower≈ 20


1







Convert disturbance values to condition


ID %Urb %Past #Dam


1 4 10 0
2 0 60 0
3 18 3 4


Raw data for Metric 1


Reach Urb Past Dam HCI


1 4 5 5 4
2 5 1 5 1
3 2 5 3 2


% Network Urban Med


% Network Pasture


Local Dam Count


Condition score for Metric 1


Habitat Condition 
determined by 


most limiting stress
to each reach







Use condition classes to score


• Create habitat condition index (HCI) for each 
metric in each region


• Average reach scores across all indicators to 
derive Habitat Condition Index in each region


• Map and interpret scores
• ID “most limiting stress” for each reach


Reach Ind1 Ind2 Ind3 AvgHCI


1 4 5 5 4.66
2 5 1 5 3.66
3 2 5 3 3.33







Results of lower-48 assessment







Strengths
• Transparent methods based on sound 


ecological logic
• Based on direct biological measure of 


integrated habitat quality
• Clearly interpretable map legend classes
• Accommodates regional differences in fishes


– More accurate assessment with less urban bias.


• Amenable to land-use change modeling
• Well suited for spatial planning







Room for improvement
• Visual interpretation of lowest condition class
• Even breakpoints between highest and lowest 


condition thresholds
• Spatial bias in fish data
• Incomplete stressor dataset


– Water use
– CAFOs
– Petroleum drilling, natural gas extraction
– Mountain top mining
– Invasive species


• Review by regional fisheries experts
– Solicit feedback on scores and data needs
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“More people working for more fish”
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Thank You!


Gary E. Whelan


Michigan DNRE 


whelang@michigan.gov


517-373-6948


Visit www.fishhabitat.org
for more information
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