Healthy Watersheds Integrated Assessments
Workshop

Advancing the state-of-the science on integrated healthy
watersheds assessments and considering the role of green
infrastructure in maintaining watershed health and resilience

ATTACHMENT 1

Speaker Presentations
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Conservation By Design i G

Protecting nature. Preserving life.

Ecoregional = Site Conservatlon Measuring
Assessments Planning Action Success

.

ePortfolio of e Essential  Site-specific e Monitoring of
conservation Ecological and multi-site KEA's and
priorities Attributes strategies Indicators

e Threats






Floodplain and Headwater
Protection

Active River Area
Components:

 Floodplains

e Terraces

« Meander Belt
 Riparian Wetlands

e Material Contribution
Areas






Active River Area Approach

Look at through the
lens of

* Ecological Processes
e Physical Processes

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






Example: Identifying Restoration Opportunities

i Streams & Lakes |

||:| Aclive River Area ./ Land Cover
| - Wellands

]:] Forest

:] Pasturefhay

HARVARD :] Culivated crops

E Developed

=

¥

LAMCASTER

Hiles
1.5

Nashua River, MA






Example:

ldentifying the
Active River

Area

at watershed and
regional scales






Groundwater- Dependent
Ecosystems (GDES)

e Springs

* Wetlands

e Rivers

* Lakes |

e Species

* 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: Watershed Planning:

e Map GDEs e Importance of groundwater to biodiversity

e Describe Threats ¢ |dentify groundwater Key Ecological Attributes
e |dentify Priority Areas and Issues e Conceptual Models

Protection/
Mgmt/Policy Restoration

Strategies Strategies

Case studies
Strategy Implementation






Regional Assessment

Goal:

e Locate GDESs

o [dentify threats to
groundwater

 Highlight regional
threats & strategies






GDEs - Wetlands

 Mapped Wetlands
from a variety of
sources

HUC6 Watersheds with
Groundwater-Dependent Wetlands

inalvals Regions

Determined e

Lakes and Beservonrs

G rO U n dwate r' Major Rivera
dependence:

Fens
Organic Soils

Proximity to
Spring

[Mata Soawces: Vander Schaat, 2006 FROWHE, 2005 1ST0A KROCE, 20040 [TEGE, 20060
QOBRMNHIC, 2007 TRC, 2007, TRC, 2007d; ThC eds., 2007 USFWE, 2007, TRC, 2008,





Threats to
water quality

Domestic or Livestock Wells

Jhatn Sousrces 1

2006, ONWRD, 2007k, THC, 2007d, TR, 2008





AR QJ Total Number of

9
.I

- Current Threat

Future Thraat

GDEs and Water
Quality Threats





Groundwater Assessment Methods Guide

o [dentify Groundwater-
Dependent Ecosystems

 Define Essential Ecological
Attributes

e Describe Key Processes

e Develop Conceptual Models

Technically
robust/Simple to use

Watershed Based
Approach

lllustrative example





Groundwater dependence

Q1: Does thewetland occur in one of these landscape settings\

1)Slope break 2)Stratigraphic pinchout 3)Stratigraphic change/

I
No

4

Likely
groundwater
input

Q2: Is the wetland associated with a spring?

No

!

N
v

Likely
groundwater
input

C}S: Does the wetland have obvious surface inﬂow‘}'\

Yes

v

Q4: Is the wetland saturated or inundated year roun(h

Likely
groundwater
input

even after surface inputs become dry? /

|
No

v

Groundwater
input unlikely

Likely
groundwater
Input






Environmental Water Requirements (EWRS)

Amount, timing and quality of water needed to
sustain groundwater-dependent ecosystems
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Ideal hydrologic regime
Can occur on a limited basis w/o irreversible impac

_ GDE will be affected _ _ : :
Jan Feb Mar Apr May Jun Ju Aug Sep Oct MNov Dec
Month

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

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

Grasslands.
o USDA Strategic Plan for FY 2010 — 2015






Watershed Condition Framework .

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

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





ODbjectives

Establish a systematic process for determining
Watershed Condition Class

Improve Forest Service reporting and tracking of
watershed condition

Strengthen the effectiveness of Forest Service
watersheds restoration

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

Enhance coordination with external agencies

and partners =)





STEP 6

Monitor and
Verification

STEP S

Track Restoration
Accomplishments

STEP 1

Classify Watershed

Condition

STEP 4

Implement
Integrated Projects

STEP 2
Prioritize
Watersheds for
Restoration

Watershed Action






Watershed Condition Indicators

AQUATIC

PHYSICAL
(Weight = 30%)

1. WATER QUALITY

1. Impaired Waters
(303d Listed)

2. Water Quality Problems
(Not Listed)

2. WATER QUANTITY

1. Flow Characteristics

3. AQUATIC HABITAT

1. Habitat Fragmentation

2. Large Woody Debris

3. Channel Shape and
Function

WATERSHED CONDITION INDICATORS
(12 Indicator Model)

AQUATIC

BIOLOGICAL
(Weight = 30%)

4. AQUATIC BIOTA

1. Life Form Presence

2. Native Species

3. Exotic and/or Invasive
Species

5. RIPARIAN/WETLAND
VEGETATION

1. Vegetation Condition

TERRESTRIAL

PHYSICAL
(Weight = 30%)

6. ROADS & TRAILS

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

7.SOILS

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

TERRESTRIAL

BIOLOGICAL
(Weight = 10%)

8. FIRE REGIME or
WILDFIRE

1. Fire Condition Class

OR
2. Wildfire Effects

9. FOREST COVER

1. Loss of Forest Cover

10. RANGELAND
VEGETATION

1. Vegetation Condition

11. TERRESTRIAL
INVASIVE SPECIES

1. Extent & Rate of Spread

12. FOREST HEALTH

1. Insects and Disease
2. Ozone

SEECER N G OTEa ORI

Water Quality

Water Quantity

Aquatic Habitat

Aquatic Biota
Riparian/Wetland Vegetation
Roads and Trails

Soils

Fire Regime or Wildfire
Forest Cover

10. Rangeland Vegetation

11.
12.

Terrestrial Invasive Species

brest Healt






Timelines

o All National
Forests will
complete 6" level
HUC Watershed
Condition
Classifications by
March 31, 2011

Region 2

-Example only -
Not Real Data
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Forests, Water and People:
Drinking water supply and forest lands
in the Northeast and Midwest United States

Lower Meramec Drinking Water Source Protection Project






USDDATEOrest service

Presentation Overview

 Why the forest to faucet connection is important
e Description of 4-step process

* Analysis results

« Applications of analysis results






USIDAEOrest service NortheasternArea, state ana Private Forestry.

et it e R

Taucet co ~Ctrfu@nu IS fulmp rtant

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.






Northeastern Area, State and Private Forestry

USDA Eorest Service

The Northeastern Area

Legend

[] Monheastern Aren 1932 Landuse

7k
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USIDAEOrest: service Nortneastern Area; state and Private Eorestry.

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

- Develop indicators of watershed condition.

- Evaluate and rank current & future (2030) conditions.

+ ldentify priority areas for conservation and
stewardship.






USDA Eorest Service

— o Tl P

Northeastern Area, State and Private Forestry

Step 1: Ability 10 ProduCe
clean water e . . |

+ surface
water consumers

tep 2: Importance of watersheds
for drinking water supply

private
forest lands

Step 3: Importance of private
orests for drinking water suppl ——_m—

+ development
pressure

Step 4: Development pressure on

orivate forests important for water





USDA Eorest Service

Ability to Produce Clean Water
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Northeastern Area, State and Private Forestry

Step 4 Core Layers
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USDDA Forest Service Northeastern Area, State and Private Forestry

R —

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

.......





USDDA Forest Service Northeastern Area, State and Private Forestry
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USDDA Forest Service Northeastern Area, State and Private Forestry
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Applications of Forests water, and people
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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





USIDAEOrest: service NortheasternArea, state and Private rgr—JJtr;

stef Mefamee Wa‘t'efshed 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

B N\





USSP Edrast Sariles. o d b s L Y (e Northeastern Area, State and Private Forestry
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Subwatershed Seale Analysis Approach

1. Watershed Management Priority Indices Analysis

2. Overlay Analysis — Complementary Priorities for Conservation
(CPI)

ower Meramec Drinking Water ¢ Protecrion Projecr

— Threatened Lands “onservation Priority m [-.:-l-w;_m-.;;-.-_-.

December 16, 2008

 Development Pressure

— Habitat Protection
» Adjacent to Protected Lands =
« Wildlife Conservation Opportunity Areas Elf el

P T

 Mussel Beds

— Recreation Opportunities
 Greenway Conceptual Plans

|

1

i
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Northeastern Area, State and|Private Forestry.

USDA Eorest Service

Lower Meramec Drinking Water Source Protection Project
Parcels Ranked using Restoration Priority Index (RPI) Scores
January 19, 2009

)
&

Sy .| *Parcels were scored using the following approach:
LEQEHd AL_.___ 41 ' |1. Select parcels 20 acres or greater
" e | 2. Compute parcel score by totaling CPI scores for each 30 meter
Parcel Ranking® "Ll ] cell within the parcel
- Very High - | 3. Normalize parcel scores by dividing by the area of the parcel

Moderate - shades of red.






USIDATEOTESTISENVICE] NortneasternArea, 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.

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

e The Steering Committee developed a brochure
for use by local governments, B
water suppliers, and conservation groups. | =4






USIDAEOrest: service NortheasternArea, state ana Private Forestry.

Acknowledc

s g

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

B N\






USDDATEOrest service

Martina C. Barnes
US Forest Service
Intermountain Region
801-538-7305
martinabarnes@fs.fed.us

M. Ina.is. fied. us/waitershed)/




http://www.na.fs.fed.us/watershed/�



		Slide Number 1




- -n-"! ﬂi

—

led Resilience In
Louisiana






STATE OF LOUISIANA

2002

Landsat 7 Satellite Imagery,
Enhanced Thematic Mapper Plus

TM-Panchromatic Merge
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Louisiana has lost:
A1.2 million acres of land;
(#15,300 acres per year since 1930s;

@In 2005, 200 square miles of marsh were
destroyed:;

(200,000 homes damaged;
1400 people died; and
@1 million people were displaced.





New Orleans in 2005






Progress Since 2006

 Louisiana Legislature Enacted Act 8 — created
Coastal Restoration and Protection Authority,;

e 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

_ouisiana Department of Transportation

_ouisiana Department of Economic
Development

_ouisiana Department of Community
Development

Office of Coastal Protection and Restoration
Center for Planning Excellence






Revising the Coastal Zone Boundary

e Changing Coastal Landscape;
* Predictions of Sea Level Rise and Subsidence;

*Apply Regulatory Tools and Structured 73 77
Collaboration of Federal, State and Local 5
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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Landscape Conservation Cooperatives

Landicags Comniaration Coopedatinis [l & Greot Horfen B T Peniroular Norida B e anic

[ ST T Greak Plairs T Plairs ard Prosis Polboles [0 1 HorFwealern imdesor Foread
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http://www.fws.gov/�
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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 2n9-4t 2010

Applications of Healthy Watershed
Integrated Assessment With an Urban Focus






Watershed Management Goals
(Flood Managers Perspective)

RUQ.T ™ Mitigate the losses, costs, and
.y 1 human suffering caused 0)Y,
=%4, 8 flooding.

and

MR Protect the natural and
' == - peneficial 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

L
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A lake view was not In the brochure

communit
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Reverse Swimming Pool Concept






Truth in Advertising

ITS CALLED FLOOD |
PLAIN BECAUSE IT
IS PLAIN THAT IT

FLOODS”
HE‘ ?EF}H93H

314- 241- 2122 ,k






new road crossi











Greater
Milwaukee
Watersheds

Map17

SURFACE DRAINAGE
AMND SURFACE WATER IN
THE REGIOMAL WATER
QUALITY MANAGEMENT FLAMN
UFPDATE STUDY AREA






Why do we need a Watershed Approach?

@ Cost Effective

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

@ Geopolitical Boundaries Don’t Align with \Watersheds

@ NEED: Balance of Regulatory & Non-regulatory
Approaches

@ Flooding (Nothing like a Natural Disaster to focus
attention)





Watershed Management Strateqy

Assign more weight to environmental management and
sustainability for water resource projects.

Encourage the collection of the biologic, geomorphic, and other
data needed to make management decisions

Support the development and implementation of watershed
planning at all levels of government (financial carrot and stick).

Make financing sustainable floodplain (watershed)
management more attractive to local governments

Emphasize sustainability in pre- and post-disaster mitigation.
Or require environmental mitigation as a condition for federal
disaster assistance.

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






Toward a Watershed Based
Water Resource Management

o \Water Resource Data Collection

(0]

Historic Watershed/Watercourse Data (USGS Corridor Study,
Identify data gaps to be filled)

Channel Cross Section Surveys (Critical for modeling)
Hydraulic and Hydrology Modeling (Quality and Quantity)
Sediment Transport Studies and Geomorphic Assessment

Biological Sampling and Habitat Assessment (Include Riparian
Corridor)

Water Quality Monitoring In-Stream and Stormwater

Land Use Data





Toward a Watershed Based
Water Resource Management

g Watershed Flood Management Plans
g Watershed Restoration Plans

@ Watershed-based Water Quality Monitoring

@ Watershed Land Use Planning

@ Watershed—wide Partnerships





Water Quality Initiative (2001 — 2007)

g Collaborative Planning Effort

g MOU Signed
@ Traditional Roles/Responsibilities Respected

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

g “Pick a Wicked Project”





Advisory Committee Input

@ Technical: Technical Advisory Team and
Technical Advisory Committee

@ Policy: Water Resource Policy Council
@ Stakeholder: Citizens Advisory Council

@ Municipal Electeds: Watershed Officials
Forum





Kinnickinnic River, Old Version of “Improved” Channel






Kinnickinnic River Really Improved
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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 aguatic ecosystems

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

 Watershed integrated systems approach
for protection and restoration





The Systems Approach

ECOLOGICAL
Y 7
N C
s @
@ ~ %
— & i1

Figure E5-2.

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

Hydro-
ecology
Assessment

Habitat
Assessment

Landscape Biological
Condition Integrity
Assessment Assessment

Geo-
morphology
Assessment

Watershed
Ecosystem
Condition

Water Quality
Assessment






Kentucky Macroinvertebrate Reference sites Wadeable & Headwater Streams

Maryland's Green Infrastructure Network

Figure 1a. Map of wadeable (dark circles) and headwater (light circles) reference sites distribwted among
Level Il ecoregions. 68=S esten palachians, 69=Ce alachians, T0=Western Allegheny
Plateau. 71=Intenor Platean. 72=Intenor Raver Valleys and Hills, 73, Mississipps Alluvial Plans,
T4=Mississappr Vallew Loess Plans

oy Vermont Agency of Natural Resources

Development of the Hydroacologécal Integeity Assessment

Prcess for etsmiaog Envkvamntsl s o River Corridor Protection Guide

- 419 sites Tor 38 rare freshwater speches
#1000 miles of rivers and streams
= 247 lakes and ponds

« Critical Supporting Watersheds:

-~ 1,380,000 acres of undeveloped and
davelopad land that are most likaly to

sustain or degrade the Core Habitats

Sountific bnestigations Report 2






Figare 24, Swirwids Walersher integrity Model

DEPARTUMENT OF CORNBERVATION AND RECHEATION
Virginia Conservation Lands Needs Assessment
Virg invla Watershwed ntegrily Mode

Figure 38 Aap of Connedticnt showing tiream clatien and management clasies based om
the concrpiual model im Figure 1. Categories were based oo wsing peroent impervions covel
caleulared using the Impervious Surface Anabysls Tool frem 2002 Land Cover data and the
relation:hip with macreimveriebrate multimeiric index wores. Best-preservation is -

and nrban-mbrigation 5 =12% impervious cover.

The Watershed Assessment Tool (WAT) is a web-based
tool for resource managers and others interested in the
ecological health of Minnesota’s watersheds.

Five components are used to describe the similarities
and differences between watersheds.

The five components are:

s Hydrology

s Connectivity

» Biolo

= Geomorphology
» Water Quality






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

e Our country has an interconnected network of
healthy watersheds





HWI Implemented Through
Partnerships

 |dentify 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 faclilitates 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 — 20187





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

ldeas 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!
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		Overview of the Healthy Watersheds Initiative and Workshop Outcomes
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“With partners protectmg
conserving, and restoring

aquatic resources and
habitats throughout the

S ~Southeast for the
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§ SOUTHEAST AQUATIC RESOURCES PARTN ERSHIP

&

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





)y providing
science-based resources
and opening lines of
communication.






at instream flow research is focused on
2source managers for scientifically
state instream flow standards and

arch Priorities:

. 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






e Wwater consumption

« dam storage

Impervious Surface "‘-I
% per Catchment \
0.0-30

31-100
B o250
B oo






gl Annual SIFN

" nge Beach, Alabama
ember 1-2, 2010

nore information on SARP and SIFN visit:
southeastaquatics.net/program/sifn/ or
>t Lindsay Gardner at 615-730-8178 or
lindsayg@southeastaquatics.net.




http://www.southeastaquatics.net/program/sifn/�
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Virginia Conservation Lands Needs Assessment

 |dentifies 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






|

West Virginia ¢ B S ¥ Delaware
(o 3

Fencent Healthy $imam

North Carolina





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/�
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Figure 4.1-16

Virginia's 2010 Nonpoint Source Aquatic Biological Priorities:
Modified Index of Biological Integrity (mIBI)

Biological Integrity

Il vERY HIGH - Hydrography

[ HigH Basin Boundaries
MODERATE Jurisdiction Boundaries

B ow /. Hydrologic Units

[ ]nonE

Hydrolegic Unit Data

Atlantic Ocsan Coastal ADD1 - AO25 New River Basin NED1 - NESE

Albsmaris Sound Coastal ASD1 - AS20  Potomac River Basin -

Big Sandy River Basin B301 - B35 PLO1 - PL74 Potomac, Lower THO1 - TH46 Tennaessee - Holston
Bay Coastal CS01- CE4&7 PS01 - PS37 Potomac - Shenandoah TPO1 - TP19 Tennassee - Powel

I
Chowan River Basin PUD1 - PLI20 Potomac, = ‘Yadkin Rlver Basin YAO1 - YADT

CLO1 - CLOS Chowan, Lower

CMI1 - CMW3Z Chowan, Migdie

CUD1 - CUTD Chowan, Uipper
Jameas River Basin

JAD - JA4S Jamas - ADpomation

L0 - JLED James, Lower

JMO1 - IMES James, Migds

JRDT - JR22 James - Rivanna

JUD1 - JUSE James, Upper

MOTEE:
mIBI WALUES ARE THE BASIS

26 MAR 2010

Uoper
River Baaln RAD1 - RA74  York River Basin YCO1 - Y063
‘Roanoke River Basin
RDO1- RD77 Roanoke - Dan
RLO1- RL24 Roanoke, Lower

DWATA EOURCES:

miSl ECOREE: VCU-CEE, VADGIF B WADCR
EAEM B0

HYDROLOGIC ILMDARIES: VADCR
SURISDICTION BOUNDARIES: VADGR
HYDROGRAPHY: USGE

o Diepsartment off Conservation & Regreation
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MIBI (Fish) Watershed Classification

e Ecological health of streams

e Native species richness

 RTE species richness

e Percentage pollution tolerant species
 Non-native species richness
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Figure 4.1-12

Virginia's 2010 Nonpoint Source Pollution Potential Priorities:
Total Sediment Unit Area Load (UAL) Ranking

UAL Ranking Hydrography

B HicH Basin Boundaries
MEDIUM .~ Jurisdiction Boundaries

P Low /. Hydrologic Units

Hydrelegic Unit Data
Atlantic Ocsan Coastal AO1 - AC25 New River Basin NED1 - NESE
Albemaris Sound Coastal ASD1 -ASI0  Potomac River Basin
Eig Sandy River Basin B301 - BS35 FLO1 - PL74 Potomac, Lower
Chesapeake Bay Coastal C501-CB47  FS01 - PS3T Potomac - Shenandoah
Chowan River Basin PUD1 - PU20 Potomac, Upper
CLO - CLOS Chowan, Lower Rappahannock River Basin RAD1 - RAT4  York River Basln YOO1 - YOE3
CMD1 - CM32 Chowan, Middie Roanoks River Basin
CUD1 - CUTD Chowan, Upper RD01- RO7T7 Roancke - Dan
Jamee River Basin LD - 24 Roanoke, Lower
] RUO1- RUS4 Roanoke, Upper
LI - JL5G James, Lower
JND1 - JMEBS James, Midde
JRO1 - JR22 James - Rivanna
U0t - JUSE James, Uipper

MOTEE:

24 MAR 2010






Total Loads Per NPS Pollutant

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

e 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

- o - - -
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Figure 4.1-13

Virginia's 2010 Nonpoint Source Pollution Priorities:
NPS Impaired Rivers Ranking

Percentage of Waters Impaired

B very HicH Hydrography

P HiGH  Basin Boundaries
MODERATE Jurisdiction Boundaries

I Low /\./ Hydrologic Units

[ ]mNoNE

Hydrologic Unit Data Ry
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Y
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Big Sandy River Basin B301 - B35 PLO1-PL74 Potomac, Lower THO1 - T
Chieaapaaks Bay Coastal CB01 - CBAT PS01 - PS37 Potomac - Shenandoah TPO1 - TP19 Tennessee - Powell <t &
Chowan River Basin PUD1 - PU20 Potomac, Upper ‘Yadkin River Biaain YAD1 - YADT =
CLO1 - CLOS Chowan, Lower Rappahannock River Basin RADT - RAT4  York River Basin Y201 - YO8
Roanoke River Basin
RDO1 - RO77 Roanoke - Dan
RLO1 - RLZ4 Roanoke, Lower
RUO1 - RUS4 Roanoke, Uppar
L0 - JLED Jamas, Lower
JMO1 - JMES James, Middi
JRO1 - JR22 James - Rivarna
JUD1 - JUSE James, Upper

ol Conserwition &
VR MATAL R






—DCR

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.
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Vulnerability

DEPARTMENT OF CONSERVATION AND RECREATION
Virginia Conservation Lands Needs Assessment
Virginia Vulnerability Model

Jury 2006
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Virginia Vulnerability Model

 Developed to map predicted growth in
Virginia and serves as an indicator of
Impervious cover

|t represents predicated growth pressures
across the urban, suburban and rural
landscape.

— _ - >,






Watershed Integrity (Health) using the
National Watershed Boundary Dataset (NWBD)

Legend

[ ] nwBD Sub-Basins

Watershed Integrity

|: No Data
|: Moderate
|| High
- Very High
- Outstanding
b w6

:—12&50!1"“!1

These data are current as of October 15, 2008,
For additional information, please contact VA DCR,
Department of Conservation and Recreation

Soil and Water Conservation Programs

203 Governor Street, Suite 206

Richmond, VA 232198-2094

(804) 786-2064

This map was created by the
CENTER FOR ENVIRONMENTAL STUDIES at
\firginia Commonwealth University.

For additional information,

contact the Center at: http:/instar.vcu.edu
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Watershed Integrity Model Objectives

 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
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Watershed Integrity Model Data Layers

e MIBI—-INSTAR
 Erodible Solls and Slope
* Forest Fragmentation

e Impervious Surfaces
 Erodible Soils

e Slope

* Forest Fragmentation

« SPARROW or NPS data from Division of Soil and
Water

e Stream Density (m/sq km)
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How Are These Models Being Used?

e State and interstate watershed planning
Initiatives

e Integrating conservation messages into existing
programs

e Conservation based planning assistance to
local governments

e 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






Rick Hill
Planning and Policy
Manager

Virginia Department
of Conservation

and Recreation
rick.hill@dcr.virginia.qgov
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A National Water Census

* Part of the [SNSRSVEESE [nitiative

To place technical information and tools in the
hands of stakeholders, allowing them to

answer two primary guestions 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?

a USGS

science for a changing world





How did we get to where we are today?

2002 E T~
on Wate ﬁ\ Grea? Lakés.
oI B 2005 - Pilot Study |

Avall. & use

2011

2007
Strateglc

Water Availgbility and Use A§sessment

TCRNANGE A SESTARBABLE AR SECLRE

WATER FUTURE

Bt ot S 8 g b 0] e

N |

ﬁ%?g SECURE

Water Act [N @ = W
Report
on WRD

a USGS

science for a changing world





Account for water with a “budget”

Generating and delivering information
for water accounting

Precipitation

.. Runoff
Envision a seamless coverage of
: : - Baseflow
Information for a water CT
accountlng component Recharge
Surface
Storage

And if you could get that info for all
%USGS accounting components

science for a changing world





Assess Groundwater’s role in Water Availability

Ground-Water Resources Program

Ground-Water Availability in the United States

Use the strength of and
enhance the resources

within this program to provide
the information on:

 Recharge

« GW yields

« Changes in storage.
« Saltwater Intrusion

e Trends in GW Indices
 Artificial Recharge

« GW/SW Interactions

a USGS

science for a changing world





Enhancing the Nation’s Water Use Information

Use New Methods to Ability to track water

Estimate Water Use Develop models of :
. from point of
o Stratified Random water use based on :
: withdrawal thru to
Sampling land use
return of flow

* Regression Models

Genprakized svample of 3 wabtr-use systam showiag
Bnked waler-use aclivides that are stored i SWUDE

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

Select the area of interest.
Generate information on 5
water accounting components Fi 5
Work with the online tool to |
- SGS construct your water budget
s U Access trend information

science for a changing world






New Authority: Water Use Grants to States






Focused Water Availability Assessments

Colorado River
Delaware River
ACF Rivers

: Groundwater
\ Resources
d 47 T — S
Water Use | SW Trends

Stakeholder Involvement

i A it

—-‘ \ Precipitation, etc
o A \ State, Local, Regional

Eco Flows Global Change

L. Past and future effects of climate
chanpge on wesfern water

Defined Technical
Questions to

@USGS T Sl S be Answered
3 ZUSGS '~ '

science for a changing world






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.

a USGS

science for a changing world





Important characteristics

EcoLoGicaL

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 regimese—

a USGS

science for a changing world

Linking the Water Census and Healthy Watersheds

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

| »
.F%. 7
!
& i I
ﬂDEGImDA’I‘IDH 1] A{'.'GIMDATIDH}

Watershed Input: Watershed Input:
Sediment Load Hydrologic Load

1 N

L ]

{ Sediment LOAD ) x { Sediment SIZE ) Ty | Stream SLOPE ) x { Stream DISCHARGE )

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






Production Zone I

Stream Geomorphic Assessment Eratacrerionies | | charectersaics
Modifying Controlling
Factors Factors

Flow and sediment load indicators
are assessed as the primary

Transfer Zone | —-""’

~ |7 =

controlling factors influencing

equilibrium, hydraulic geometry, - ~Valley
S hanal Hydraulic Longitudinal Slope

and stream power. Roughness Geometry chenele ‘ iy -
Width

b Width/Depth J
Ratio

—

Controlling Modifying
Factors Factors
Boundary Material Riparian
Characteristics Vegetation

iJF =

JDEGMIM\HDN 0 .\GGMDATD

Py

{ Sediment LOAD ) x ({ Sediment SIZE ) Tz ( Stream SLOPE ) x ( Stream DISCHARGE )

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.

Production Zone I

Sediment Load Discharge
Cheracteristics Characteristics
Modifying Controlling
Factors Factors

—EE—

Transfer Zone |

Valley
Channel Hydraulic L°"9iTudi"n] Sl
jiechar : . Channel
oughness Geometry Slope Valley
Width

Width/Depth
Ratio

b P

—

Controlling Modifying
Factors Factors
Boundary Material Riparian
Characteristics Vegetation

Reach-scale Stressors





On average 314% of Vermont assessed streams |

have been historically straightened and channelization. //\

Stages Il and 11 of planform evolution

% Channel Straightening

Watershed Size (sg. miles)





Alteration of Hydrologic, Sediment and Large \Wood Regimes
Departures in the size, quantity, sorting, and distribution of materials






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
_acking Access to a Floodplain

T /
V 13% Terrace 1

Floodplain

Restored

Equilibrium H—f
IV 14.7% | 25.2% incising Channe
Incised and Equilibrium
Depositional I -
111 36.6% Il 22.2% VS heed
Incised and Incised and —V\‘f ferrece 2 /'ff—
Widening Steepened N

/ AN

Floodplain I

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






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

L |
By
o
—

=

As created and maintained by
the physical regimes of:
» Hydrology
s Sediment
o |_arge wood and organics
o |_ateral and longitudinal connectivity
e Temperature






Catchment

Corridor

Barform

Spatial scale

Bedform

Grain

Reach-Scale Rapid Assessments

Large forms and processes

inferring smaller-scale
forms and processes

Hydraulic roughness;
Recruitment processes

Sediment transport;
Seed dispersal,
oody debris

Bar growth & dissection;
/ Local succession processe

Climatic, hydrologic,
sedimentary history;
Environmental adaptation,

land-use manﬁ,//

Aggradation/incision (sediment wave
migration, storage change);
Metapopulation processes

10-1

10°

101

102

103+

Time scale iiearsi





Link Habitat Quality to Large & Mid-Scale Physical Processes

Macroinvertebrate cover habitat — hydraulics, hydrology, and sediment transport

-

= mean of dominant large
= particle sizes on bar =
s 200 milimeters

b
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=
=
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riffle particle size distribution \

2 8 3

particle size in millimeters

Riffle Stability Index (Kappesser, 2002)





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

t

j"
g%t
;l.-r
J?

Step-Pool lefle Pool - Plane Bed BFaided





Large Woody Debris

largely imumabale: largely mobile:
trapa sediment 218 &5 sediment

diffesion | jdebris fow
daminated] | dominated

Source: Montgomery and Buffington, 1997





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-0-y, juvenile, & adult fish;
aguatic 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






LLarge Woody Debris

Link Variable to Stressors, Physical Processes & Treatable Cause

Variables

LWD / mile
LWD size
Debris jams / mile

Recruitment
potential

CPOM Coverage

Stressors

Limited sources of
woody material

Limited retention
of wood in channel

Regime
departure
Wood

Wood

Hydrologic, Sediment
Hydrologic, Sediment

Hydrologic, Sediment
Hydrologic

Connectivity

Stressors
due to...

Lack of mature
riparian forest

Lack of upstream
inputs

Incised channel
Straightened
channel
Channelization
Larger/ frequent
floods

Isolated floodplain





Channel Evolution and LWD

Stage II:

Incised condition
Increased power
Reduced LWD retention

LWD score
©
(@)

o
o

E
o

1* L VL L

\ e "3*;

i.r,_,

N
o

o
o

CEM stage

n=15

Reference
Good

Fair
Poor






Changes Iin Habitat Condition
during Channel Evolution

—&— Mean RHA
—a— Mean RGA

RHA and RGA scores

CEM Stage

Condition

Reference RHA = Habitat Assessment

Good RGA = Geomorphic Assessment
Fair

STABLE

Floodplain 1

ﬁ h>h
- 4 [
INCISION (headcuting)
h> ht
¥ 1
WIDENING / (7 tenkee)

STABLE .
lain 1






Vermont Research to Integrate Assessment of Biological Integrity
with Geomorphic-based Habitat Assessments

changes in
tand_ or stream
corridor use

l changes in

geomorphology
and hydrology

changes in
stream

hydraulics \

changes in function
such as habitat,

Current limit of our sediment transport,

and storage

understanding

changes in
population,
composition, and
distribution,
eutrophication,
and lower water
table elevations

Figure 3.2: Chain of events due to disturbance.
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Channel Evolution and EPT

1 E

II(N=7) NN=11) IV(N=6)

Channel Evolution Stage

EPT richness rebounds as channel evolves back to equilibrium

| Stable

Il Incised

111 Widening
IV Narrowing
V Stable





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)

Mean Community Score

Highest correlations with
macroinvertebrate metrics

Riparian area

Stream bank
Substrate cover
Connectivity variables

Mean EPT Ridiness






Application of Generalized Regression Neural Network

University of Vermont sree Mathon, Donna Rizzo, Lori Stevens, Alison
Penchenick, Mike Kline, Gretchen Alexander, Steve Fiske, Rich Langdon

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

e 1292 locations with both RHA &
RGA

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

e Subset of 46 reaches have
additional fish health assessments

e Subset of 133 reaches have
macroinvertebrate health
assessments
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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.

e Summary metrics help to obscure relationships in the data.

Further Research Needed
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Florida Natural
Areas Inventory

Multi-criteria Approach to
Mapping and Assessing
Resilient Watersheds

w Amy Knight

= - GIS Program

BA Specialist
November 2010






Florida Forever
Conservation Needs

. ) r:?"‘\bg’ e
Assessment : B ‘%

*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






Il Frioiity 1- HIGHEST
B Friority 2

[ Priority 3

'~ Conservation Lands

Natural Floodplain
Source: FNAI






Conservation Lands

B water

Significant Surface Waters

Source: FNAI






B Priority 1 - Highest
B Priority 2
[ Priority 3
[ | Priority 4
[ | Priority 5
[ 1 Priority 6

Conservation Lands
B \Water

Functional Wetlands

¥
Source: FNAI &
;i






Fragile Coastal Resources

Source: FNAI
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Il Friority 1- HIGHEST
B Fricnty 2
B Fricity 3
I Pricrity 4
[ ] Prionity 5
[ | Priority &

Conservation Lands

B vater

Aquifer Recharge

Source: Advanced Spatial Inc, and FNAI











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

O

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
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Conservation Features, Targets & Weights

Target
Conservation Feature Total ha Protected ha % Protected % Target ha Weight
surfwaters 1 278,496 173239 62% 90% 250,647 81
surfwaters 2 771,368 419684 54% 80% 617,094 64
surfwaters 3 2,838,631 1603416 56% 50% 1,674,382 49
surfwaters 4 922,550 171217 19% 30% 276,765 25
surfwaters 5 4,309,814 1190764 28% 10% 1,212,313 9
surfwaters 6 812,839 81741 10% 5% 83,773 1
surfwaters 7 2,885,518 381153 13% 5% 388,367 0.25
recharge 1 406,093 86,164 21% 50% 203,047 49
recharge 2 1,313,247 203,283 15% 25% 328,312 25
recharge 3 2,512,852 433,723 17% 10% 446,287 9
recharge 4 3,058,707 634,527 21% 5% 642,174 4
recharge 5 2,714,119 678,090 25% 3% 682,161 1
recharge 6 3,477,281 1,670,796 48% 1% 1,672,535 0.25





2020 Statewide

Scenario
500,000 acres






Resources Included in Resources Mot Included in F-TRAC
CURRENT GROUP PROJECTS F-TRAC 2010 Scenarios 2010 Scenarios

Q\r
& & o5
& 8 Ny
&cﬁ o S Ry
Remaining ‘dﬁ «Q? ;@é S a*:‘a o
Project Acres / o@ Project Name R L <3 £ &

16,5041 18% |Apalachicola River
8 735 agu |Atlantic Ridge Ecosystemn
91,603) 0% |Babcock Ranch
8,.338] 0% |Baldwin Baw'St. Marys River
8.989] 63%|Eelle Meade
B4 446) 0% |Big Bend Swamp/Haolapaw Ranch
343,781] 23%|Eombing Range Ridge
34 957 | 27w |Brevard Coastal Scmub Ecosystem
15,288) 17%|Caloosahatchee Ecoscape
148 446] 0% |Camp Elanding - Osceala Greenway
7,598 84% | Charlotte Harbor Estuary
45 165) 35% | Carkscrew Regional Ecosysterm Wateggh ed
1.684] 41%|Coupon Bightkey Deer
82.693] 0% |Devil's Garden
3,025] 44% |Dickerson Bay/Bald Paoint
45 292) 74%|East Everglades
2,323] 32%|E=cribanao FPoint
2. 795] B1%|Estero Bay
85,344 | 30% |EtoniahiCross Florida Greemaay
109,310] 38% |Fisheating Creek Ecosysterm
4.843) 0% |Flagler County Blueway
8,353 34%|Flarida Keys Ecosystem
10,738 775 |Florida Springs Coastal Greemway
10,286 24%|Florida's First Magnitude Springs
3,858 50% |Garcon Ecosystemn
1584 ,958] 30% |Green Swamp
2| 0% JHarris Schoal
19,949 0% |Heather |sland/Oklawaha River
§,928] 0% |Hosford-Chapman's Rhododendron
416] 45% |l chetucknee Trace
22 196 15%|Indian River Lagoon Blueway
35,7421 0% |Kissimmee-5St. Johns River Connectar
10,551 0% |Lake Santa Fe
401 0% |Lake Talguin/Rocky Comfart Creek Addition
24 556] 51%|Lake Wales Ridge Ecosystem

KEY

Yery High
High

W edium

W ediume-Low
Low

All scores are based
on remaining project
acres.
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“dvrpc

November 2010

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

Healthy Watersheds Integrated Assessments Workshop Presented by:

Estes Park1 CO Christopher Linn, AICP
November 2-4, 2010 Senior Environmental Planner





Harrisburg

Lancaster

Trenton
L

[ | Berks County Planning Commission (BCPC)
[ ] Battimare Metropolitan Council (BMC)

E Delpware Valley Regienal Plannng Commession (DVRPC)
|:| Lancaster Couwnty Planning Commission (LCPC)

| Lehigh Valley Planning Gamméssion (LVPC)

1:] Mol Jersey Transpamatian Planning Authadty (NJTPA)
J:l Mew York Metropoitan Transportation Councll (NYATC)
|| south Jersey Transportation Planning Organization (SJTPO)
] wamington Ares Panning Council (WILMAPCO)
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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

§

8
8
8
8

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

advrpe





Project Goal

8 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.

%dvrpe





Physical Resources -- Woodlands, Wetlands, Floodplains Ecological Priorities






Green Infrastructure Screening wdvrpe
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Green Infrastructure Screening






Green Infrastructure Screenlng






-
[11]

w0
@
=
a

Environmental Screening Tool

April 2009
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Questions?

Christopher Linn, AICP
Senior Environmental Planner
215.238.2873

Clinn@dvrpc.org

%dvrpe
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MARYLAND

Smart, Green & Growing

Maryland’s GreenPrint and
Blue Infrastructure Assessment Examples

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

Catherine McCall Christine Conn

Chesapeake & Coastal Program Office for a Sustainable Future
Maryland Department of Natural Resources  Maryland Department of Natural Resources
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MARYLAND Our #1 Conservation Challenge

Smart, Green & Growing

== Accelerated Consumption & Fragmentation
| of Natural & Working Lands

By 2030, Maryland will have:
e 1,000,000 more people
e 400,000+ more households and
e 600,000+ more jobs
e 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?

Y MARYLAND
E| E| F

Audubon Magazine March/April 2000; MDP 2009 NATORAL RESOURCES





MA;{E“;ND A Statewide Conservation Network

Smart, Green & Growing

Green Blue Complete Ecological
Infrastructure Infrastructure Network

L MARYLAND

DEPARTMENT OF
MNATURAL RESOURCES
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MARYLAND Assessment Purposes & Applications

Smart, Green & Growing

e |dentify, communicate and
conserve a coordinated
set of priorities

e Provide maps and resource
guides for planning review

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

L MARYLAND
F
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A
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— |dentifying “Targeted Ecological Areas™

IMARILAND Best of the Best

Green Infrastructure Rare Species Habitats

Aguatic Life Hotspots
@ . _;“ - n‘. - ‘1
l Y gy v
g 2
B Hichest Priorty A

Targeted Ecological Areas .
% { @& i
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MARYLAND

Smart, Green & Growing

e Maryland’s map for
conserving the most
ecologically valuable lands
In the state

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

e A mapping tool to target
and track conservation of
TEAS

-1-’\- e
-
Maryland
— e e a1
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-

/ Liries Foooaa Alead
P —
T P—— o

GreenPrint i1s...

: ¥, r - rongl Jf R -
GreenPrint - b
gt
.-'.:u.u-.l:--uln-- - - 1 i
- A

.......

e Al ]

T e WiFa
LW daic Lané Presereativn Eoveslisn 6

/
L
—

.

< MARYLAND
F

DEPARTMENT O
MNATURAL RESOURCES






-

MARYLAND Parcel-specific Information

Sﬂ!ﬂ?‘l; G?"(.’E?I é’ G ro H)iﬂg

™
/
1 j

Identify Results

County |[TribBasin|ProjectNum|BPWAmMmount| BPWDate

Recreational,
Adjacent to

f Lower ,
i / Dorchester Eastern  POS-3861 4638900  6/11/2008 E:ﬁm}::ke 275,95
\ Shore Management o

L4 >

-

L' MARYLAND

DEPARTMENT OF
MNATURAL RESOURCES






Maryanp]  Blue Infrastructure Near-Shore Assessment

Smart, Green & Growing

, ﬁ e Designed to incorporate
S G Hubs estuarine priorities into

), targeting and land use planning
R T and complement the Green
e = LI A Infrastructure and TEA network

e [ncorporates...

Watersheds and water quality
criteria that support high
aquatic biodiversity and fish
species sensitive to increases in
iImpervious surfaces

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

Y MARYLAND
[_:?EI'—_!’\P Tl O

NATURA





(S “Blue” Assessments
MARYLAND

Smart, Green & Growing

Legend

Blue Infrastructure Mear-Shore Assessment

.
Low —— = High

|:|Tier Il Waters

[ |EBlue Infrastructure Hi Pricrity Watersheds

Near-shore assessment/Bl High Priority Watersheds
Tier Il Waters
Stronghold Watersheds
Tidal and Non-Tidal Fisheries Priorities

L MARYLAND
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Biological

Oyster Sanctuary

Cpster Sanctuary DELAWARE

Cyster Planting

Oyster Bars

Hefring Spavwn Area
White Parch Spawn Area

StripeBazs Spawn Area

Yallow Parch Spawn Aras L ‘I
) Chartles . |
R

White Perch Juvenile Area

Spot Weak Croasker Juvenile Area

Herring Juvenile Area

Viorcester

LEGEND Servce Controls
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MARYLAND

Smart, Green & Growing

Resource-specific values

Find Address: .

BI RAMKS -5 - 40
BI RAMNKS 41 - 70
BI RAMKS 71 - 95
BI RANKS 96 - 120
BI RAMNKS 121 - 155

YIMS Shoreline Structures

/i Access Structures
Debri
Dilapidated bulkhead
Groin
Groin Field

Jetty

LEGEND Servce Comtrols

Bl RAMNKS
wemco@ls

Total_Rank: 130
Shape.area: 307E26.762622
Bl Code: wemcads

Shape: Polygon

Shapelen: 2467 724737
Taguatic; 0

Bl_Mumbers: 85

OBJECTID: 6404

L '/ MARYLAND

DEPARTMENT OF
MNATURAL RESOURCES





Conservation Scorecards

for each Project

Smart, Green & Growing

A Ecologm:al
AND Ranking

T ATRARHT

gy, ST o2 fﬂ-% Beocasdl

 Project scorecards and e W B =
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MARYLAND A Trail Map Forward

Smart, Green & Growing

e Scale: Local and Watershed, Counties and State

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

e 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.

Y MARYLAND

DE!’\ RTMENT OF
JRAL RESOURCES
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MARYLAND Thank you...

Smart, Green & Growing

For more information:

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

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

Catherine MccCall
410.260.8737
cmccall@dnr.state.md.us

Christine Conn
410.260.8785
cconn@dnr.state.md.us

L MARYLAND
DEPARTMENT OF
MNATURAL RESOURCES
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Assessment Resou rce




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)

; o
>
%

HEALTHY WAT

A new eco,




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

o Approaching 2,500 streams represented; primarily
Chesapeake Bay basin

o Multivariate ecological models for each region





The INSTAR Database Candidate Input Variables
for Stream Models

Biological
18 IBI metrics
12 RBP 11 metrics L andscape
Others... Stream order, link metrics,

In-stream Habitat

20 RHA 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 L~ \-‘ Transform data

| Ordination by
" | category - Patterns?

A'/

Remove variables -~

= Gl v

‘diagnostic’ metrics

Which metrics are /

associated with high
biotic integrity? —
multiple regression

Scoring Score each stream
Criteria " 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






Identification of Healthy Streams and Rivers

INSTAR Site Scores

‘Healthy’
defined as >70%
comparable to
appropriate
regional
reference
condition

P2 2L BEEL B
Virtual Stream Score






STATUS OF HEALTHY WATERS IN VIRGINIA

Legend
Stream Health

Yr Exceptional

A Healthy
Watershed Health

- Exceptional

| Healthy

Far mons infermation on the INSTAR program, Wit
Ittp intretar ven adiy
Thes map was produced by the
% CENTER FOR ENVIROMMENTAL STUDIES o
Virginia Commanweath Unbearsity. For additional information,
oankact the Centor ab v vou edw/osssast






How are INSTAR and — Assessmem;r;;:; _
Healthy Waters data being — [ESSESSSES
used? o

1.) Set Conservation Priorities:
Heritage, TNC

2.) ldentify 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’

TN export vs. Stream Health

TN (Out:in) %

40
Stream Health

Stream Health

Stream Health

Turbidity and Stream Health

1y =-0.0553Ln(x) + 0.703

R?=0.19

10 100
TSS (mg/L)

Stream Health and BMPs

y =0.748x + 0.5146
R? =0.22

10% 20% 30% 40%
BMP (watershed %)

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

C-I'lnwan River Ba-.f.ln ENSTAE Si.t_je-s |
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<EPA

United States
Environmental Protection
Agency

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

n * 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
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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?






ZEPA Example Resilience Definitions

United States
Environmental Protection
Agency

Definitions References

Measure of the persistence of systems and of their ability to Holling 1973:14
absorb change and disturbance and still maintain the same
relationships between populations or state variables

The magnitude of disturbance that can be absorbed before the Gunderson and
system changes its structure by changing the variables and Holling 2002:4
processes that control behavior

The capacity of a system to experience shocks while retaining Walker et al.
essentially the same function, structure, feedbacks, and 2006:2
therefore identity

capacities i) to absorb disturbances, ii) for self-organization, Walker et al. 2002
and iii) for learning and adaptation

The abllity of the system to maintain its identity in the face of Cumming et al.
internal change and external shocks and disturbances 2005
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United States
Environmental Protection
Agency

Resilience Concepts Typically Address --

e Disturbance and response

e Biological community structure
e Physical/abiotic structure

* Natural processes
 Persistence

« Capacity to maintain functionality
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United States
Environmental Protection

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

e Scope — societal as well as ecological resilience

e Uncertainties -- of complex interactions and prediction






wEPA How Can We Manage For

United States
Environmental Protection

Agency RGSI'IGHCGO

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?






mposition

Blose 50% of cold-preference EPT taxa
@lose 100% of cold-preference EPT taxa

m current benthic communily co
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Classification

Degrades Over Time
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North Carolina Blue Ridge Mountain ecoregion stations

suopels %






Year: 2010
Scenario: A1

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

Degraded (>25%)






Year: 2025
A . Scenario: A1

Condition (% impervious) é‘.' ;

1138 Unstressed (<1%) s
14 Lightly Stressed (1-5%)
57 | Stressed (5-10%
P43 Impacted (10-25%)
I Degraded (>25%)
«lly

5 et






| Year: 2050
% Scenario: A1

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

‘.__ - A \
Condition (% impervious) ég}‘\i






Unstressed (<1%)

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






- Y Year: 2100
3\ Scenario: A1

*
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Unstressed (<1%)

4 Lightly Stressed (1-5%)
116 Stressed (5-10%
Impacted (10-25%)

Degraded (>25%)






Why Manage for Resilience?

<EPA

United States
Environmental Prot

Agency ) ankton FCL
a nir index
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1994 1999

time period (yr)

Current Condi Transition

(degradation/ch Community Shift






< EPA Resilience Based Targeting
g Ko In Marine Ecosystems

Environmental Protection
Agency

High Resilience Characteristics

» Cooler water due to upwelling/mixing
» Rapid currents that flush toxins
» Shading of UV by cliffs/shelves

e Turbid waters that screen UV

« Communities adapted to temperature/UV

e Conditions that favor recolonization

| Turbidity





SEPA Kimbe Bay, Papua New Guinea
rememranion (1 NE Nature Conservancy)
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. Concepts for Characterizing Watershed Resilience:
SEPA Critical Stream Corridor Functions

United States

RaangyomeFrowecton - (after FSRWG 1999, Stream Corridor Restoration:
Principles, Practices and Processes)

Filter—the selective
penetration of
materials, energy, and
organisms.

Habitat--the spatial structure

of the environment which

allows species to live, repreduce,
feed, and move.

Earrier—the stoppage of
materials, energy, and
organisms.

OrgaAnisms.

Conduit--the ability of the
system to transport
materials, energy, and
Organisms.

Source-—-a setting where
output of materials,
energy, and organisms
exceeds input.

fink—a setting where the
input of water, energy,
organisms, and materials
exceeds output.






wEPA : '
T Recovery Potential Screening:

Environmental Protection

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�



<EPA

United States
Environmental Protection
Agency

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

aguatic 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






wEPA Recovery Potential Screening

United States

Environmental Protection

Agency

» 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
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« Consider implications
for impaired watersheds
O impaired restoration or healthy
watersheds protection
priority-setting

@® Healthy

I [ I
20 40 60

Stressor Indicators Summa






<EPA Resilience Challenges Facing HWI

United States
Environmental Protection
Agency

« Complexity of characterizing resilience at watershed
scales

 Temporal and spatial considerations in resilience and
management

« Concept of resilience Is not stationary over time
e Occurrence of thresholds

* Resilience in restoration and protection — competing or
complementary management goals?

e Interplay with social factors that enhance/inhibit resilience






<EPA

United States
Environmental Protection
Agency

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

throughout

 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)





81 WATERSHEDS






GREEN INFRASTRUCTURE
LAND COVER AS AN INDICATOR OF WATERSHED HEALTH

RSEA and Ecological Corridors - 2008 Green Infrastructure - Central Region

Green Infrastructure

;;: ‘_e peur ice | Nniat T
- . oodhule
NICelTeT 7
“ Regionally Significant Ecological Areas - MLCCS derived
Regional Ecological Comidors - MLCCS derived |











WAT Indices by Component






Biology Component

Aquatic Species Quality Terrestrial Habitat Quality

At-Risk Species Richness






WATERSHED ASSESSMENT TOOL






SENTINEL LAKES PROGRAM

LAKE PRODUCTIVITY AND GROWING SEASON WARMTH

Sentinel Lakes
Land Types
Canadian Shigld
Glacial Drift Forest

Transition Forest

T e Prairie and Cornbelt
Elephant " |
v Echo % -
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CLIMATE CHANGE AND
CONSERVATION PLANNING






Potential Adaptation Actions for SW Prairie
Wetlands

Southwest Prairie

= t] Resilience Actions

(/~_ . eExpand reserves to

s J, . " buffer remnant wetlands
7 = 7" and to protect full

/Wy g . wetland complexes

*Restrict groundwater
-~ withdrawals






MINNESOTA WATER
SUSTAINABILITY FRAMEWORK

U25-year plan to protect, conserve,
and enhance the quantity and quality
of the state's ground and surface

water

UManagement approach that is
- Sustainable
- Comprehensive i
- Integrated

And worth protecting.
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f?é f.fijailéas" *for Evaluatmg Healthy Watershéﬂ§ |

i*P”rof; ;Taqrhes I-T‘:*Tf'* Fp s eand S > Prof. N. LeRoy Poff_
Y _,.; Umvemfy@,f _ nsas £ ':--?,’:-'I*-.- Colorado State Unl "'-f‘",;






Healthy Watersheds

. Individual Landscape Biological Water Hydro- Geomorph-
Habital S
Assessments Condition Integrity Quality ecology ology

Watershed Aquatic Ecosystem Condition I

L |

" Evaluation Healthy II Degraded I

Not High Low
Vulnerable Vuinerable Ecological Ecological
Capacity Capacity

Conservation Protection Restoration Nor-Priori
Priarity Priority Priority on-Priority






Instream Infrastructure

Terrestrial and Riparian

Landscape

(dames, etc.)

(chemical
integrity)

Water Quality Stream Flow Habitat Network
Connectivity

Hydrogeomorphic
Context
(physical integrity)

Ecological Process
and Condition
(biological
integrity)






General Conceptual Design Approach for HWI Condition Assessment

Identify management needs Organizational Levels
Determine management goals

Develop testable questions, and
hypotheses for each question
Select appropriate spatiotemporal |
scales for effective management "cammunu;"-'
| |

| |
oo Lo L———
Select appropriate independent IK-._”L"..-—': lk...*_’ﬂ*_v.../l M’_‘:’i'_“_"/i
and dependent variables ey [l Iy B J———
r‘MiCI’ﬂ"Iﬂbf‘tﬂt“‘ L Mechanics J -' Organism J

patiotemporal Scale

Conduct geospatial analysis

Select areas for management
and sample sites

Employ appropriate sampling

techniques and methodologies

Analyze results and test additional % ( Funcrians

guestions/hypotheses if appropriate






Organizational Levels Project Design
‘ Management Assessment Data | ‘ Data
| Geomorphic | . Hydrologic | | Ecological | | | Focus Stratification | Collection Resolution

< :”"_-_Flnw_-_'} =S

i \

‘ E Basin ]I. Reginie f Landscape 1
F q Flc.'lw

|' History 1 ' Ecasystem 1

"\ Fluw . '\

E Reach i r Pulse i| I Cnmmunlty 1

L"’F-;._:n_ctinr;él'"\l I " Flow I L —l

& Linit ;t h Velocity /I LF‘Dpulatiun A

[/ Macro- to -~ L Fluid
\Micr{:habitat,ﬂ '\ Mechanics J [; "D"'Q"nﬁ""‘ J

Spatiotemporal Scale

Coarse

Functlunal Func_tll:lnal

Unit ts.., Unit ,)

Macro- to

kMicruhabitat) Fine

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.

patch (HP) at the valley level.

EPZ = Functional Process Zone (Thorp et al. 2006, 2008),
which is a statistically delineated, hydrogeomorphic

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






-, il , W Lt Landscape Condition Water Quality

0 Habitat Hydroecology

¥’/ Jim Thorp LeRoy Poff

Jim Thor .
Leﬁ??(])—ﬁ f.:oéi‘!ntegnty Geomorphology

Kanawha River





River Continuum Concept (Vannote et al. 1980) Riverine Ecosystem Synthesis (Thorp et al. 2008)

» relatively gradual and continuous change in e river structured into repeatable, hydrogeomorphic
physical features (HP) patches, only partially predictable in location

» predictable ecosystem structure * system structure, function & services variable with HP
and function shredders =

s

i

r & Pt = 2
Y -. ¥ BCLElAT
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Stream Size (order)

o Meandering
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2z Distiibutary

HYDROLOGY CONNECTIVITY ECOSYSTEM FUNCTION

0 = i Flow

Flow ) | ongitudinal FEDY Food chain length
Pulse

History

/ Lateral Nutrent spiraling

l Vertical Species Diversity
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Subject Categories of our 17 Model Tenets (from journal article and book)
Distribution of Species (4)

e Tenet 1: Hydrogeomorphic Patches
e Tenet 2: Importance of FPZ Over Clinal Position
e Tenet 3: Ecological Nodes
e Tenet 4: Hydrologic Retention
Community Regulation (5)
e Tenet 5: Hierarchical Habitat Template
e Tenet 6: Deterministic vs Stochastic Factors
e Tenet 7: Quasi-Equilibrium
e Tenet 8: Trophic Complexity
e Tenet 9: Succession
Ecosystem and Riverine Landscape Processes (8)
e Tenet 10: Primary Productivity Within FPZs
e Tenet 11: Riverscape Food Web Pathways
e Tenet 12: Floodscape Food Web Pathways
e Tenet 13: Nutrient Spiraling - - _ _ _ _ HGM complexity should promote
» Tenet 14: Dynamic Hydrology ~ T =3 greater nutrient re_tention and
e Tenet 15: Flood-Linked Evolution carbon sequestration.
e Tenet 16: Connectivity
e Tenet 17: Landscape Patterns of FPZs

5 HGM complexity linked to greater
___________ biodiversity and food web complexity





River Typing Based on ArcGlIS,

MATLAB & Remote Sensing Techniques

Step One

Step Two

precipitation Data

Multivariate Analysis

Step Three

Hydrogeomorphic Classification

Applications of

River Typing






GIS Data Layers

Precipitation Data

-

R’

Geology Data

Digital Elevation Model

¥

Stream Lines

Hydrogeomorphic Variables

o

Catchment

-
©
>
3
2
o

River Channel

Variabl

Mean Annual Precipitation
Geology

Elevation
Valley Width
Valley Floor Width
Valley Side Slopes
Down Valley Slope
Valley Width : Valley Floor Width

Wavelength of the Channel Belt
Sinuosity of the Channel Belt
Width of the Channel Belt
Sinuosity of the River Channel
Channel Planform
Number of Channels











¥ Determination of Channel

=

3% Belt (Kansas River)






Measurement of 3 valley variables using a MATLAB flood model
er-lying areas)

-

Right valley
wall peak

Right valley RS
wall intersect || s
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1Repeatable FPZs but partially‘
unpredictable in position

Functional Process Zones
In the Kanawha River

1Repeatable and
predictable FPZ

Constricted High Energy Upland Zone
Lowland Alluvial River

~— Lowland Constricted Zone

——— Open Valley Upland Zone

Reservoir Zone

——— Upland Constricted Zone

17






Ecosystems Services by FPZ

Selected Hydrogeomorphic Attributes

Shoreline complexity *

Relative number of channels

Functional habitats within channels
Channel/island permanence

Floodplain size and connectivity with main channel

Ecosystem Benefits and Services
Natural Ecosystem Benefits

Biodiversity (species richness and trophic diversity)
Proportion of native biota (prior to any change in FP2)
Primary and secondary productivity

Nutrient cycling and carbon sequestration

Water storage

Sediment storage

Anthropocentric Services

Food and fiber production **

Water withdrawal potential

Recreation

Disturbance and natural hazard mitigation
Maintenance and catastrophic risk of failure
Transportation

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

From Thorp et al. 2010, BioScience

Constricted

Meandering

H
H
H
H
H
H

Anastomosing

ITITITrZ

ITTTITITZ

Reservoir

—— Valeof Ecosystem Bensfis and Senvoss —

Cost/Benefit Ratio for Different
Types of FPZs.

——— Value of Ecosystem Benefits and Senices —————

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

Armount of Lateral Area Rehabilitated ——————m=
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Towards integration of key
indicators of

EcoLoGicaL

“healthy

EdS”

-
1. Conceptual

Approach
2. Individual
Assessmenis
F-’c- Assessmant
[4. Condition \/
Evaluation
Need to
Ev——— consider how
Assessment .
L aguatic
Actions

function





A perspective on integration of key

elements into a functional

perspective of how watershed

GIS “coarse-
filter” analysis

haalth

Terrestrial and Riparian
Landscape

VA—

Water Quality
(temperature,
erosion, nutrients,
metals, etc.)
(chemical integrity)

Instream Infrastructure
(dams. levees, etc.)

S =Tyt

Vv

Stream flow regime
(hydroperiod, water levels)

Habitat structure
(grain sizes, channel
morphology)

/[

sufficient

BN

(physical integrity)

Hydrogeomorphic context:
(natural disturbance regime,
flow-mediated habitat
dynamics, lateral connectivity)

\ 4

(biological integrity)

Ecological processes and condition

Network
Connectivity
(barriers, habitat
fragmentation)

ey glement for at-
a-sité and whole-
watefshed health






The Natural Flow Regime: a
Conservation Cornerstone

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

@ Dally, seasonal, annual

@ Flow regimes vary along
river’s length and
regionally

The Natural Flow Regime
\ par idiem for river conservation and restoration

cRov Paff, |. | | Allan, Ma k | Bain, Jar . Karr, Karen L. Prestegaard,
b iz icht | chia 'H.| ark _1:1.'_||| i L. stromberg

Flow Regime
Magnitude

| Frequency
Duration

Timing

Rate of Change

I\

Water Physical Biotic
Quality Habhitat Interactions

N/

Ecological Integrity (PO ff et al.. 1997
BioScience)






Natural flow regime components support
ecological processes and functions

Principle 3 . _
lateral connectivity Principle 1
longitudinal connectivity channel form
B habitat complexity —  hiotic diversity
b patch disturbance
aeeess o spafes o
foodplaing .-
Rl
variability Principla 2
o disparsat P > Life histqryr patterns |
= triggers @ ; T + spﬂw_mng
f:: \ mpmdumﬁ. ;fngggf_g' « recruitment )
A *... seasonalily
a predictability tahf* basefions
o base
. drocght

Time
Frinciple 4 ],
| natural regime I::IIBDDI..II‘-EIQ'E'E invasions i

Bunn & Arthington. 2002.
Environmental Management





Streams and rivers differ in natural flow regimes

scharge (logg [msec ' + 1])

| Key components that

\\ characterize a full flow
‘ regime and that have
' ecological importance:

‘l

U \‘\
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Streams and rivers differ in natural flow regimes

Discharge (logg (msec ' + 1)

H‘ bl
i \‘\), M E |
"J’ ‘, ’f‘\ i.
&
-= "‘l e‘( 1 N” i

Different hydrogeomorphic contexts and thus different
expectations of biological condition





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

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

11111

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






Massachusetts — flow classification

of least iImpaired basins

:F; E TEE HAM FSHIRE
5 I
i : 8 §¢
55
£t
33
By
3 |
ge| 8, s - ¥
i ¢ T
al ¥ E Ef
: I | Al U A
]
_ |7 l: E Figurs 16, A1 Clutir-analyeie desdrogr wm mada by wding 8 Eucidan digeacs masius & mnd Whedk mathod and () map shawing e leur-cles e & 5o aton I
; E 61 #rpandew gageg $tiloas is s.'.l.‘.trl' K Englacd ?l.rs!rl.r 1rr_vs #re RO, sotham ruaoltdamicsed A1) NRO, esabes sonath-demiag id 421 HRD, high-
‘ io grm o rme -8 oominatid (430 0nd B5 e o damratied 44 —Contagnd
&d
= B,
EEZ _— . .
‘ ;2 Characteristics and Classification of Least
i 1 (i Altered Streamflows in Massachusetts
: [ ! ‘_L | H H “ 22 ByDavid S. Armstrong, Gene W. Parker, and
- a8l H- -|~|| |r’1-| [ ﬂl r'rrji-l-.-lr'l ig;
sisiniaudisedotanstontitucnautBunsRuaitante bainteilaineme 225

Todd A. Richards
%ttp:ﬁplﬁ)s.usgs.gov/sir/2007/5291/pdfs/5291_bdy.pdf





New Jersey — reference gauges

Py
@‘x-.__x
%‘ E science for a changing world
] .
e. 0 4 e 9
o o e o In cooperation with the New Jersey Department of Environmental Protection
Explanation Role) @ }
@ > .
_ P a Development of the Hydroecological Integrity Assessment
Strea m/R iver %% ﬁ@ ¥ P for Det ining Envi tal Fl f

o’ 4 @ rocess for Determining Environmental Flows for

Stream Type Eon 0 oy New Jersey Streams
© A - semiflashy with o @0 %

moderstely low base flow @ ° o L |
(O B - stable with high base fows e
@ C - moderately stable with
moderately high base flow

Scientific Investigations Report 2007-5206

[ #
Figure 1. New Jersey stream type
(after Henriksen and others. 2006). U.S. Department of the Interior

U.S. Geological Survey





Reach-scale flow classifications: Modeling
ungauged streams

24
f Lff ! T
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Michigan (Seelbach et al., 1997)

Iy = - -
REEETRT I R

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- Terrestrial and Riparian

Instream Infrastructure

filter” analysis Landscape (dams. levees, etc.)
\(/l/:r;ere?;telljl:g Stream flow regime Habitat structure Network
erosi onp nutri en’ts (hydroperiod, water levels) (“geomorphology” Connectivity
metals, etc ) ’ / ) (barriers, habitat
- .’ ' . f t t.
(chemical integrity) \ I/ ragmentation)
Hydrogeomorphic context:

(natural disturbance regime
(flow-mediated habitat
dynamics, lateral connectivity)
(physical integrity)

|

Ecological processes and condition
(biological integrity)
D ~—

Necessa
but not
ficient

Key element for
at-a-sjte and
whoje-watershed






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

environmental flow standards

LeRoy Poff, CSU The N A
: _ Co do re (.
Brian Richter, TNC Cnnse?‘%c? S
Angela Arthington, ARI (Australia) University Prtecting patur, Presening e
Stuart Bunn, ARI (Australia) — :
Robert Naiman, UW Grifith 22
I.L“J] UNIVERSITY ﬁgﬁgﬁ

Eloise Kendy, TNC
Mike Acreman, CEH (UK)
Colin Apse, TNC l WAgﬁifqé%ooﬁ
Brian Bledsoe, CSU
Mary Freeman, USGS

Centre for

James Henriksen, USGS E‘H Ecology & Hydrology
Robert Jacobson’ USGS ——— MNATURAL ENYIRONMENT RESEARCH COUNCIL
Jonathan Kennen, USGS ,
David Merritt, USFS ;!%}%é% j|' .
Jay O’Keeffe, UNESCO-IHE (Netherlands) InstItate YueE

Motivation: flow regime is critical to ecological integrity but
we lack a scientifically sound basis for developing
environmental flow standards at regional scale
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The ecological limits of hydrologic alteration (ELOHA): a
new framework for developing regional environmental
flow standards
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ROBERT J. NAIMANS, ELOISE KENDYY, MIKE ACREMAN**, COLIN APSE', BRIAN P.
BLEDSOE¥, MARY C. FREEMANSS, JAMES HENRIKSEN'Y, ROBERT B. JACOBSON***,
JONATHAN G. KENNEN™, DAVID M. MERRITTH¥, JAY H. O’KEEFFESSS, JULIAN D.
OLDENTT, KEVIN ROGERS****, REBECCA E. THARME""" AND ANDREW WARNERWH
*Department of Biology & Graduate Degree Program in Ecology, Colorado State University, Fort Collins, CO, U.5.A.
YThe Nature Conservancy, Charlottesville, VA, U.5.A.

¥ Australian Rivers Institute and eWater Cooperative Research Centre, Griffith University, Brisbane, Qld, Australia
S5School of Aquatic & Fishery Sciences, University of Washington, Seattle, WA, U.5.A.

IThe Nature Conservancy, Helena, MT, U.S5.A.

**Centre for Ecology and Hydrology, Wallingford, UK.

"The Nature Conservancy, Brunswick, ME, U.5.A.

HDepartment of Civil and Environmental Engineering, Colorado State University, Fort Collins, CO, U.5.A.
S8pahuxent Wildlife Research Center, U.S. Geological Survey, Athens, GA, U.S5.A.

Mus. Geological Survey, Fort Collins, CO, U.5.A.

***Columbia Environmental Research Center, 1S, Geological Survey, Columbia, MO, U.5.A.

s, Geological Survey, West Trenton, NJ, U.5.A.

FHUSDA Forest Service, Watershed, Fish, and Wildlife, Fort Collins, CO, U.5.A.

S Department of Environmental Resources, UNESCO-IHE Institute for Water Education, Delft, The Netherlands
MSchool of Aquatic & Fishery Sciences, University of Washington, Seattle, WA, LLS.A.

***+University of the Witwatersrand, Johannesburg, South Africa

Y ternational Water Management Institute, Colombo, Sri Lanka

FIThe Nature Conservancy, University Park, Pennsylvania, PA, U.S.A.

SUMMARY

1. The flow regime is a primary determinant of the structure and function of aquatic and
riparian ecosystems for streams and rivers. Hydrologic alteration has impaired riverine
ecosystems on a global scale, and the pace and intensity of human development greatly
exceeds the ability of scientists to assess the effects on a river-by-river basis. Current
scientific understanding of hydrologic controls on riverine ecosystems and experience
gained from individual river studies support development of environmental flow
standards at the regional scale.

2. This paper presents a consensus view from a group of international scientists on a new
framework for assessing environmental flow needs for many streams and rivers
simultaneously to foster development and implementation of environmental flow
standards at the regional scale. This framework, the ecological limits of hydrologic
alteration (ELOHA), is a synthesis of a number of existing hydrologic techniques and
environmental flow methods that are currently being used to various degrees and that can
support comprehensive regional flow management. The flexible approach allows

Correspondence: N. LeRoy Poff, Department of Biology, Colorado State University, Fort Collins, 80523 CO, US.A.
E-mail: poff@lamar.colostate.edu
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Model baseline hydrographs Habitat typing (e.qg., reach, valley

SCIENTIFIC PROCESS and_developed bottom (RES))

Ecological
Integrity

SOCIAL PROCESS

Adaptive Adjustments






Habitat typing (e.q., reach, valle
SCIENTIFIC PROCESS ybIOot'?o(m g(JRES)) ’

___________________________________

HIT (USGS) Ecological
Integrity

Monitoring

Step 4. Flow-Ecology Relationships

___________________________________________________________________________________________________________

Key Point: It’s the deviations from the ¥
‘baseline’ that drive the ecological e 5
response!
(true also for temperature, nutrients)

Adapt





Selection of Flow Variables For
Classification, Hydrologic
Alteration and Flow-Ecology

Satisfy multipldREIRHQAShIPS

© 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
ahotit





Simple example of ecological response to flow-regime context

_ ~ Range of variation for
proveenee :  selected flow variable for
unaltered sites

=+ Range of variation in
: ecological metric for

- unaltered
(«b]
§ e  Empirical observations
-§ .\ ..... (hypothetical)
Q — o] :
= T Lots of pool habitat
L ~ <~ (geomorphic context)
>
©
-
- Change in duration of +
low flows

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

Water Quality
(temperature,
erosion, nutrients,
metals, etc.)
(chemical integrity)

Necessa
but not
sufficient

ELOHA

N oo

Instream Infrastructure
(dams levees, etc.)

-

Stream flow regime Habitat structure Network S
(hydroperiod, water levels) (“geomorphology” Connectivity A
(barriers, habitat

Hydrogeomorphic context:
(natural disturbance regime
(flow-mediated habitat
dynamics, lateral connectivity)

(physical integrity)

l

(biological integrity)

Ecological processes and condition

fragmentation) /

Key element for
at-a-site and
whole-watershed
health






At watershed scale, a network of channels

13 WYANDOT
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D
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http://www.hydrocomp.com/publications/gis_hfam.htm & S '
HARDIN 2
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Monitored streams
Desigrnated but not monitored streams
Unmonitared fundesignated fintermitt ent streams

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





Potential metrics Tor network scale:

High

Connectivity

Low

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

Connectivity — habitats that are hydrologically connected (along flow
paths) & metapopulation dynamics, spatial refugia, recolonization

Low High
Redundancy

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

o 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:

o \Water quality exceeding an T
acceptable threshold (relativeto | e
regional reference potential) [ = 5 _

* Intact habitat structure and habitat =,

L. —J

diversity =

 Intact flow regime connects habitatsL * '

* High network connectivity and — .
redundancy of ecologically b S s
Important habitat

t -
Low
Eceiogeenl
Capaciy

| 4

. ! 1
Heh

e

B Cecity

e . __~






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
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I\/Ilssourl VWAP

" Geographic Priorities/ ’1 "f
Representation A Sl |
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NPS Condition Assessment

n Developing Desired
Conditions

o ldentifying Prenlems

nrldentitying Likely
SOUIKCES






Goal and Opjective of the
Aguatic Component of the MO WAP

COAL:

“Ensure the long-term persistence ol native aguatic
plant and animal"’communities, By CONSEeIng the
conditioNs and Processes that sustain them, so
people may: henefit from their values in'the future.”

FACTHICAIEOBIECHHNE

“ldentily and map a set e aguatic censern/aton
oppertunity. areas that holistically: represent the full
pPreadth of distinct riverine ecosystems Int Missour
and multiple poepulations of all native aguatic
SpPecies”






Reserve Design Exercise

Key. guestions and decisions

n WhICH habitals, Species; and'communities eceur
WIthIR eur planning; region?

nWhere are they and infwhat conaition?
n How: many, How: Big, and \What Configuration?






Data on System Targets
(Species and Communities)
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Data on System Targets
(Habitats/Ecosystems) e s

(T:he Nature @

Leve[4
Subregions

Level 5
Ecological

Drainage Units

Level 6
Aquatic Ecological
\ System Types
{ Level 7

\ Valley Segment
i "

Zone:

Nearctic zoogeographic zone

Subzone:

Arctic/Atlantic Drainages

Region:

Mississippi Drainage

Subregion:

Ozark Plateau

Ecological Drainage Unit:

Ozark Plateau/Meramec Drainage
Agquatic 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
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Data on
Public Stewardship

(T35 Aquatic Subregion Boundary
% EDU Boundary
Carps of Engineers
Mational Park Serdos
A USFWS Matisnal Wikdlfs Refuge
A United States Fareet Service
' Miss ot Dwpartment of Natural Resources
A Mistown Department of Conseryanon
A e Hature Consmrvancy
S Private
Major Streams

4 Eow Bewndary

Corps of Engiresrs

o Hetonal Park Serice

AN UBFWE Natianal Wildife Refugs
A% united States Forest Service

Mistour Department of Natural Resources
S Missoun Department of Conservation
/5" The Hature Conservanoy

Ly of Jopin
S Private

Mzjor Streams






Data on Sources of Stress

Syneptic Human hreat lndex

Lead Mine Y%lmpervious %Cropland Connectivity
Density






Integrated into a Geospatial
Decision Support System

[T Wit (=]

| Loning_nissma sby
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A
o Pamid Complance ryrism
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Missouri Aquatic Resources

Decision Support System
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Training Sraa
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Brem Sows (MaFLAF), Bam Combes (WMD), Craig Sorvgges [MDC) snd Tim Kigh (WD)






Representatlon Strategy.

Plans for each EDU

Y
PR

Represent 2 populatlons of aII
target species

Represent one example of
each Aguatic Ecelogical System

Represent Interconnectead
matrix of deminant VSIS






- Target Species
Richness

Human Threat Index -

AES Selection Criteria %)

Public
Support/Existing
Conservation
Initiatives





/ST Selection Criteria

Select complexes:

n containing vialle pepulations: of
SPECIES SpPecialicencem

n WIth the highest ecelogical
Integrity

n WItRIRFexisting: puilic lands

n that overlap with existing ’
conservation Initiatives





Aquatic Conservation Opportunity
Areas for Missourl

\_ Conservation Opportunity Areas (Aquatic)
] cos o Full network: 174,059 km

L[_Z__i"‘p Lakes

MOC Regions

Cor e COA network: 10,915 km

COAs represent 6.3%

i

a,
2
. mdcGIS
. ekt passinioi il Riaqual o Reusons_orea o inks o
Y whila'tha pas'sntaim d Riaquaic_beusToors_nama_find ds






Info for Remaining Logistical Tasks

O E
Reason AES Selected Reason ¥5T's Selected

Oiry Forkfpper Meramed Frimary: St. Louis; Secondary: Ozark. To capture target species not captured in other Focus areas | To capture target species not captured in other focus areas
Flat Riwer FOKF Primary: St. Louis; Secondary: Southeast Only AES of Type Only place to achiewe connectivity among size classes

Fon Creek r0OC Frimary: St. Louis Higher public land and no lead ar coal mines Felatively intact subwatershed and connectivity

Huzzah Creek USFS; MOC Frimary: St. Louis Highest target richness, higher public land, highest quality Only place to achiewe connectivity among size classes
Loweer Big Mane Frimary: St. Louis; Secondary: Southeast Only AES of Type Connectivity and low human disturbance

Lower Bourbeuse r0OC Frimary: St. Louis Highest target richness Connectivity and relatively low human disturbance

Lomeer Mlerames r0OC Frimary: St. Louis Only AES of Type Connectivity, public lands and relatively low disturbance
fiddle Meramec FORF; MOC Frimary: St. Louis Fublic: [ands, higher target richness Fublic lands

Mlineral Foark. r0OC Frimary: St. Louis Mluch higher target richness Only place to achieve connectivity amaong size clazses
Upper Eig r0OC Frimary: St. Louis Only AES of Type Conneckivity

Continued

A F G
Fotential Alternates Fotential ¥5T Alternatives Management Concerns

=
=
=
m

Diry Fork/Upper Meramed Mone Mane gravel mining, Hoodplain rowlcrop, point sources, hazard, dams, roads, exotics

Flat River Mone Mone upland pasture, Hoodplain rowicrop, urban, point sources | ifd, lead, hazard, cafos, 3034, roads, exotics

Fou Creek Mone Lower Calvey Creek, and tributaries upland pasture, Hoodplain rowlcrop, point sources, hazard, roads, exotics

Huzzzh Creek Aespalyid 363 Upper Courtois Creek. and tributaries gravel mining, loodplain pasturefgrazing, point sources, lead, small impoundments, roads, exotics

Lower Big Mone Tyrey Creek. and tribs, or Calica Creek. and tribs. upland pasture, Hoodplain rowcrop, point sources, lead, small impoundments, 3034d, roads, exatics

Lower Bourbeusze Mone Red Qak Creek. and tributaries gravel mining, towic release, upland pasture, Hoodplain rowferop, point sources, lead, coal, hazard, small impoundments, roads, exotics
Lower Merames Mone Mane upland pasture, Hoodplain rowlcrop, urban, point sources, ifd, hazard, small impoundments, roads, exotics

Middle Meramec Mone Mone point sources, lead, coal, small impoundments, exotics

Mlineral Fark Aespalyid 361 Lower Indian Creek. and tributaries upland pasture, urban, point sources, ifd, lead, small impoundments, roads

Upper Big Mone il Creek ar TifF Creek. and tributaries gravel mining, point sources, lead, small impoundments, 3034, roads, exotics

1
| 2 |
3
4
]
E
7
i
]
10

=

Czark! Maramec Ecological Drainage Unit

Continued

DOiry Forkfpper Meramed brown trout, common carp, rainbow trout, &sian clam - g
Flat River COMMon carp .Un Certal ntl es

Fon Creek common carp, &sian clam, zebra mussel .y
Huzzah Creek COMMon carp, rainbow trout .Op p O rt u ni tl eS
Loweer Big common carp, &sian clam 4

Lower Bourbeuse common carp, Asian clam .S p eC | eS

Lomeer Mlerames common carp, &sian clam, zebra mussel

Middle Meramec common carp, Asian clam, zebra mussel ° P eo p I e

ineral Fark. Mane

Upper Eig common carp, Asian clam






rofiles

Corasall on Opperindy
# Protect and enhance aquatic

Lol s el Wil hesecl
biodiversity. L

Comamraion Opgd Lndty Aras

i o L [ ] Comameal on Fisisork:
# Protect and enhance e i
terrestrial Blodiversty. e, '::.
» Engage residents and other
stakeholders as partners in
conserving the watershead.

# Use watershed planning in the
LaBarque Creek Watershed as
a maodel for watershed
planning in Jefferson County
and throughout the Meramec
Basin.

# Permanently conserve
watershed Integrity through
best management practices
and permanent land
protection toals (easement,
acquisition or other spedal

practices). LoBorquwe Crok s forested reom banks prevent
soifl erosfon and profied woler ooy,

oy P, ol o s o e

Priority Research and Conservation Partners Funding Sources Existing Conservation Network
Inventory Neads Existing: The Nature Conservancy — Missouri Chapter Existing: THC annual budger; MOC annual LaPargque Hills Freserve; Hilda Young Conservation
+ Irventory aquatic invertabrates. [THICY: Crark Regional Land Trast: Trust for Public Land: budpet: ERA Region 7 funds; MCHF Stream Area; Wild Canid Bessarch and Survival Center
+ Develop appropriate methods and The Open Space Council; Missouri Conservation Heritage Stewardship Truse Fund
standards to test water quality and Foundation (MCHF): East- West Gateway Council of Promising Futere Sources: MDC State Wildlife
quantity. Governments; 115, Aromy Cu'rpu n‘FEng‘in:m « Bt Louis Giranes; MDC Wildlirs U.'r:uiq,- Funds; BT Forest
* Use models to determine stormwater Diisericr: Jefferson County Govemment; LaBargque Creek Legacy Program; MOC Private Lands Cast Share
and sadiment control neads for Watarshed Partoer: [i.Tud.ud.i.Tl.e reriderts); Matural Reasources F‘mgum'.U‘SF"FS Fartrer: for Fish & Wildlif= Bloeding shinevs ore one of 36 species of
Iindividual homes and subdivisions Conservation Service; Ervironmental Protecrion Agency Program; DER. 319 Grants: MCHF grant: WWTE fish fornd in LoBovque Croek. Thew
{existing and planned). [ERA): Missouri Department of Conservarion (MDC) Wild Turkey Super Fund -W-Wf:'ﬂ-"lﬁ"-' is Wmited o sfreams in the
+ Investigate the effects of septic systams, l.'.‘_m\.'l' tHighionds of Missonr and
lagoons, reads and bridges on stream Potential: Audubon Missouri; St. Louis Audubon Saciery; - Ak,
health; develop best management Wild Canid Research and Survival Center, Wekster Groves Bl Ry ¥
practices. Harure Study Seciety, Washington Universiey; Pacific Ring:
+ Inventory terrestrial natural communities  Meramec River Recreation Association; Stream Teams:
{Including Invasive and exotic specias). HMarioral Wild Turkey Federation (NWTF); Missouri
+ Conduct stakeholder surveys. Deparement of Marural Resources (DMR), U S, Fish &
* Find private funding sources. Wildlife Service (LJSFWS)

A Wi B Dt e o S mnid i






Uses

General statewide

Protection:
n COASs priorties for land acquisition and Natural Area designation

FURding

n To attract and justify grants for. on-the-ground habitat projects and
land’ acquisition/protection

Education/Outreach

n DSS training manual and WAP- reports are used for: stafif traming
materials for “WWatershed Strategies” Workshops to educate stafi;
on watershed scale conservation

lncentives

n Development and implementation’ ot a conservation marketing
approeach te encourage landoewners to implement BMP stream
conservation projects

Measuring SUCcCess

n Framework and justification for aguatic community and habitat
surveys to gather baseline and project monitoring data






Uses

St. Louis Region

FOcUS
n COAs have been further prioritized; logically-sequenced priorities

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

LLeadership

n FOr rural watersheds We use a conservation;marketing appreach to
develep'landewner leadership in the conservation efiort.

FUnRding

n Grants have been key: to our successtul funding of habitat projects;
including the TNC/Crystal Light invoelvement with the Meramec.

Land use planning

n Urban fringe watersheds; inform/influence zoning and promote
Smart growth





What We Learned

Developing a list off guiding principles and assumptions was
critical te planning/selection pPrecess

Core geospatial data are critical to the task, but must be
complemented by expert input

Abjetic (habitat/precess) targets compliment bielegical
targets well

Representation Ghjectives can e achieved within a
relatively:small area

Healthy watershed Is a relative term, but hidden “jewels”
do exist even In the most altered landscapes

Should e established at a scale that provides fecus

Geographic prierties can;significantly enhance all
conservation strategies, Including those addressing
NON-point Stressors





Natural Resource
Condition Assessment

Condition

Mutnents Metals Sedmnends | Wncdena | € rhex | Predmctivity
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Where Did We Miss the Boat?

Explicitly: defining and assessing desired
conaitions for each COA

Upfrent identification of SpecIfic conservation
actiens we wanted to Improve and integrate

PUtting reseurces Inte: these Improvements
and integration

n Dynamic protected area pPHerities

n llargeting off BMPS

n Land use planning

n Policy enfercement or development





Thanks!

SCOtE P. Sowa
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AQUATIC
RESOURCES
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BASED
APPROACH
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Overall Results for Water Flow Assessment

Importance Map Impairment Map

Based on relative area contributed to the Based on loss of forest, reduction in
delivery, storage, recharge and storage, recharge, and discharge and
discharge of water increase in impervious cover

Darker Blue = Higher Importance to Darker Red = Greater Impairment to
Water Flow Process Water Flow Process






Overall Results for Water Flow Assessment

Synthesis Map
/I

Restoration 1
R1

Restoration 2
R2X

Restoration-
Restoration Development 2
P3R RD2

Conservation1 | Conservationz | Development2
c1 c2 D2

B

Level of Impairment






Ecosystem wide characterization —
Fishtrap Creek

Ecosystem Issue How have Solution Actions:

ecosystem Recommended
Fishtrap Creek and | processes been protection &
Tributaries changed relative to restoration measures
Issue? and environment
designations






Potential Restoration Area
Fishtrap Creek Tributaries

~7 . Potential =
Mitigation

-Retire-development” ..
righf Qn-— 7~ - S
aguicultural/urban
bdundary-with funds~

ffom mitigation.bark






otential Restoration Area
Ishtrap Creek Tributaries

(2010, Mo soEarea o)
| mage courtesy o (5G5S Ha Ry Hi e
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Kltsap County Overall Results for Water
@y, Flow Assessment

Restoration 1 RESTORATION

<§ R1 w
o
Q
z
o Restoration 2 Restoration 2
4 R2X R2
E
k) FraTaE Protection 3 Restoration - Restoration-
E W - Restoration Development 2 Development 1
o it s P3R RD2 RD1

Conservation1 | Conservation2 | Development2
c1 c2 D2

Level of Impairment





lllahee Creek Watershed
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Discharge Map — lllahee Creek

Helps establish relative importance of stream system
waw and restoration priority

Historic salmon run — year round flows





Shoreline Issue — Increased Sediment

Delivery
e ..

- sPublic Dock

{8 OO AL

s pReTTESS

Downstream Erosion and Bedload Transport and Deposition is Occurring





Storage Is Impaired — Illahee Creek

Level of Importance

Level of Impairment





Storage & Delivery are Impalred —

o o - " @ 2010 Microsoft Gamorstionge20 s UMA\JT
ARIETDF : . g ¢ B.WEEW@ o

i e | e b

Headwater wetlands have been filled or impaired and forest cleared






Solutions and Actions— lllahee Creek

Shoreline Issue

How have
ecosystem processes
been changed
relative to issue?

Solution

Solutions and
Actions:
Recommended
protection &
restoration
EESEES






Visualization of Data
14 |

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

595 ]
"\

r’tw' zf:'m zm’u e Z0 ¢ 0 SURE e
£ ‘..: ' land :
Water Water Fish & Water- Hydro Hydro Public Public (8
Flow Quality | Wildlife | shed Unit Unit Rating of Input (T .
Index Index Index Issues Impacts | Actions | Current \:_ LR :
Conditions =
I \ -

Storm- Diked Remove
water Dikes

X7 -

\:;l'b

DO = 6mg/I

Total Coliform = 4000
colonies/ml
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Important Areas for Surface Storage
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for Recharge

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

Peter Esselman?-?, Dana Infantel, Lizhu Wang?,

William W. Taylor?, Arthur Cooper?!-2, Dan Wieferich, Darren
Thornbrught, Jared Ross! & Gary Whelan3

1. Department of Fisheries and Wildlife, Michigan State University, East Lansing, Ml
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

2010 Objectives (partial list)

e Conduct a condition analysis of all fish habitats
 |dentify priority fish habitats

o 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
e 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
— WWEF 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

'y B o NG \
\‘,’ 2 A o
AMBITION
THE JOURNEY OF A THOUSAND MILES SOMETIMES ENDS VERY, VERY BADLY.

OMETI






HHHHH

Assessment Vision
* Determine the status of each process
condition

— Consistently measured or translatable variables
— Nationally available

e 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

- Network
+ 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





Spatial framework and datasets

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

— Publically available for
conterminous US, Hawali

— Network topology defined

— Accompanied by database
tools that summarize
variables in catchments

Network
catchment





Landscape variables

e |dentified 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 e il

4. Of fine enough spatial resolution =SS
to compare between local M
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 (km?)

Open/Low intensity urban (%)
Medium intensity urban (%)

e 13 variables selected based on:

High intensity urban (%) — interpretability

Pasture/hay (%) — utility for nationwide analysis
Cultivated crops (%) _ _

Population density (#/km?) — literature review

Road crossings (#/km?) — relationships to other variables
Road length (m/km?)

Dams (#/km)

Mines or mineral processing plants (#/km?)

Toxics Release Inventory sites (#/km?)

National Pollution Discharge Elimination System sites (#/km?)
Superfund National Priorities sites (#/km?)





Western Mountain (WMT) Northern Plains (NPL) Upper Midwest (UMW)

e 0% Native Water Col Individuals, e Herbivore Individuals, * Native Herbivore Taxa,
Native Lithophilic Individuals, Lithophilic Taxa, T & E Native Hider Taxa,
Native Herbivore Taxa, Native Individuals Intolerant Individuals,

Lotic Individuals, Omnivore Taxa Lithophilic Individual,
4 .. Omnivore Individuals,
- Piscivore Individuals, T &
.NAPI. E Individuals, Water
- Column Taxa

Xeric Region (XER)

e Herbivore Individuals,
Lithophilic Taxa, T & E
Individuals

Northern Appalachians (NAP)
* Herbivore Individuals,

Intolerant Individuals,
Native Lithophil Taxa,

Southern Plains (SPL)

 Omnivore Taxa, Native
Herbivore Taxa, Native

Lithophilic Individuals, Native | Native Piscivore Taxa
Lotic Individuals, Native Water _ _
Column Ind. e Herbivore Taxa, Invertivore
Individuals, Native Lithophil Southern Appalachians (SAP)
Taxa, Native Lotic Individuals, Lithophilic Individuals
Coastal Plains (CPL) Native Piscivores, Nesting Taxa, Intolerant Individuals, Native
«  Herbivore Taxa, Native Water Column Taxa Piscivore Individual, Native
Invertivore Taxa, Nesting Rheophilic Taxa, Native
Individuals, Omnivore Water Column Ind.

Individuals





Indicator-Stress relationships

Local dam
count (SAP)

Ri 1LD_N.%1_F TAX_caorr

MAT FIND com

FISC

Catchment
~ Mine Density

% Local Pastﬂ?é*(SAP) s eq8 (SAP)

INT_PIND

Repeating
characteristic pattern






Classify condition classes for each
Indicator-stress plot

Upper=0.012
Lower= 20

GO

I.:
=
i
=

% Network Medium Density Urban (NAP)






Raw data for Metric 1

Convert disturbance values to condition

Condition score for Metric 1

D [%Urb | %Past | #Dam
114 10 |0
210 60 |0
118 |3 4

Reach | Urb | Past | Dam | HCI
1 ( )
N
2
- _

()
_

’Locél Dém Count

H

abitat 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 ndl  [ind2  |ind3 [ AvgHCl
1 4 4.66
2 3.66
3 2 3 3.33
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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

e 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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