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Primary GoalsPrimary Goals

Technical preparation necessary for improved Technical preparation necessary for improved 
coordination of SW and wetland monitoring coordination of SW and wetland monitoring 
programsprograms
RegionalizationRegionalization of existing monitoring and of existing monitoring and 
assessment tools for wetlandsassessment tools for wetlands
Use of monitoring and assessment tools for improved Use of monitoring and assessment tools for improved 
restoration and mitigationrestoration and mitigation
Provision of trainingProvision of training
Source of information on monitoring and assessment Source of information on monitoring and assessment 
toolstools



March 31 – April 4, 2003 3National Biological Assessment and Criteria Workshop, WET101_11

Developing the Science behind a Developing the Science behind a 
State Monitoring ProgramState Monitoring Program

Denice Heller Denice Heller WardropWardrop
Robert P. BrooksRobert P. Brooks

Penn State Cooperative Wetlands CenterPenn State Cooperative Wetlands Center
Special thanks to Doreen Vetter, EPA OWOW, Special thanks to Doreen Vetter, EPA OWOW, 
Mary Mary KentulaKentula, EPA WRP (Art , EPA WRP (Art SpingarnSpingarn, EPA , EPA 

III) and Ken III) and Ken ReisingerReisinger, PA DEP, PA DEP
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Why on a watershed basis?Why on a watershed basis?

Watersheds are more efficient unit financially, Watersheds are more efficient unit financially, 
socially, ecologicallysocially, ecologically
Accounting Unit (AU) for Integrated Accounting Unit (AU) for Integrated 
303(d)/305(b) Reporting303(d)/305(b) Reporting
Conceptually attractive for local managersConceptually attractive for local managers
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Why/Why Not Wetlands?Why/Why Not Wetlands?

Defined as “waters of Defined as “waters of 
the U.S.”the U.S.”
Section 305(b) requires Section 305(b) requires 
assessment every two assessment every two 
yearsyears
Advances in wetland Advances in wetland 
assessment (e.g., HGM, assessment (e.g., HGM, 
IBIsIBIs, EPA, EPA--EMAP)

Methods that are easily Methods that are easily 
implementable implementable and and 
scientifically defensiblescientifically defensible
Representative sample Representative sample 
is difficultis difficult
Potential cost may be Potential cost may be 
inordinately highinordinately high

EMAP)
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What’s the immediate problem?What’s the immediate problem?

Not all decisions call for the same level of Not all decisions call for the same level of 
informationinformation
Need multi Need multi --level assessment methodologylevel assessment methodology
Need representative sampleNeed representative sample
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QuestionsQuestions

How do we find the wetlands? (How do we find the wetlands? (InventoryInventory))
How do we assess their ecological integrity? How do we assess their ecological integrity? 
((ConditionCondition))
How do we use this information to improve How do we use this information to improve 
condition? (condition? (RestorationRestoration))

Inventory Condition Restoration
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INVENTORY CONDITION RESTORATION

Map landuse in watershed; 
calculate preliminary
landscape measures

Synoptic map of restoration
potential (existing wetlands, 

landuse, roads & streams)

Landscape Level Assessment

Rapid Assessment

Quantitative Assessment

Utilize existing resources 
(NWI)

Develop and apply landscape-
based approach to obtain 

abundance map

Map of abundance zones with
verified inventory

Add site observational 
data

Apply HGM functional
assessment models/IBIs to
probability based sampling

locations

Map depicting overlay of
wetland abundance zones,
levels of potential threat,

and landuse, roads & 
streams

Map depicting abundance 
zones,

verified inventory, and 
probable
condition

Performance criteria 
matrices

provide restoration 
standards
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Landscape Level Landscape Level 
AssessmentAssessment
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Forested is our reference standardForested is our reference standard
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Agricultural Use is a Major ActivityAgricultural Use is a Major Activity
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That Exerts Its Influence to Varying That Exerts Its Influence to Varying 
DegreesDegrees
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Ridge and Valley Watersheds
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Piedmont Watersheds
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Coastal Plain Watersheds
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Forested - 22%
Agriculture - 40%
Urban - 38%
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Land Use PatternsLand Use Patterns

%For =25
MFPS=3
SDI=1.1
RD=8

%For=96
MFPS=302
SDI=0.2
RD=8

%For =17
MFPS=3
SDI=1.7
RD=47

%For =41
MFPS=55
SDI=1.6
RD=24
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Rapid AssessmentRapid Assessment
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Stressor ChecklistStressor Checklist

Hydrologic Hydrologic 
ModificationModification
SedimentationSedimentation
Dissolved oxygenDissolved oxygen
Contaminant toxicityContaminant toxicity
Vegetation alteration

EutrophicationEutrophication
AcidificationAcidification
TurbidityTurbidity
Thermal AlterationThermal Alteration
SalinitySalinity

Vegetation alteration
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Rapid Assessment ScoreRapid Assessment Score

Combination of landscape, buffer, and siteCombination of landscape, buffer, and site--
specific stressorsspecific stressors

Score=Buffer+(%For*WF)Score=Buffer+(%For*WF)--Buffer HitsBuffer Hits

Landscape
Buffer

Wetland

Buffer Penetration
Stressors (on-site)
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Juniata Stressors
All Sites

Vegetation 
Alteration
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Hydrologic 
Modifications
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1%
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Contaminant 
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Headwater Floodplain Mainstem Floodplain

Riparian Depression Slope
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Re fe re nce  Site s  - Stre s s ors
He adwate r Floodplains

Hydrologic  
Modifications
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Vegetation 
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Quantitative Quantitative 
AssessmentAssessment
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Quantitative AssessmentQuantitative Assessment

Complete suite of HGM functional Complete suite of HGM functional 
assessmentsassessments
IBIsIBIs
Combination of bothCombination of both
Other biological dataOther biological data
Only F9, Maintenance of Characteristic Plant Only F9, Maintenance of Characteristic Plant 
Community Composition, shown hereCommunity Composition, shown here
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Why have reference sites?Why have reference sites?
Expand the scientific knowledge baseExpand the scientific knowledge base
Describe the variability of natural systemsDescribe the variability of natural systems
Characterize effects of disturbanceCharacterize effects of disturbance
Measure longMeasure long--term term successional successional trendstrends
Provide alternatives to experimental controlsProvide alternatives to experimental controls
Design and performance standards for restorationDesign and performance standards for restoration
Suitable as educational and training sitesSuitable as educational and training sites

Largest jump in knowledge occurs with the first Largest jump in knowledge occurs with the first 
twenty!!twenty!!
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Agricultural Use

Urbanization

Sedimentation Plant Community

Mining

Pollutant Trans.

Eutrophication

Turbidity

Hydrologic Modif.

Fragmentation

Organic Matter

Hydroperiod

Macroinvertebrates

Bird Community

Amphibian Comm.

Acidification

Soil

Microtopography
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HGM Functional Assessment HGM Functional Assessment 
Models for WetlandsModels for Wetlands

Energy dissipation/Short term 
SW detention
Long term SW storage
Interception of groundwater

Plant community structure and 
composition
Detritus
Vertebrate community structure 
and composition
Invertebrate community 
structure and composition
Maintenance of landscape-scale 
biodiversity

Cycling of redox-sensitive 
compounds
Solute adsorption capacity
Retention of inorganic 
particulates
Export of organic particulates
Export of dissolved organic 
matter



March 31 – April 4, 2003 34National Biological Assessment and Criteria Workshop, WET101_11

F9 F9 -- Maintain of Native Plant Community Maintain of Native Plant Community 

General form of the model is:

FCI = [(VSPPCOMP * 0.66 + VREGEN * 0.33) + VEXOTIC]/2 , 
where;

VSPPCOMP: Floristic Quality Assessment Index (FQAI)

VREGEN: regeneration of native tree species

VEXOTIC: percent exotic species 
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Upper Juniata Headwater Upper Juniata Headwater 
FloodplainsFloodplains

0.00

10.00

20.00

30.00

40.00

50.00

60.00

70.00

80.00

90.00

100.00

0.00 20.00 40.00 60.00 80.00 100.00 120.00

0

0.2

0.4

0.6

0.8

1

1.2

Rapid Assessment Score F9 Score



March 31 – April 4, 2003 36National Biological Assessment and Criteria Workshop, WET101_11

How do the results compare?How do the results compare?

0.740.740.530.53Rapid/F9Rapid/F9

0.690.690.480.48Landscape/F9Landscape/F9

0.960.960.950.95Landscape/RapidLandscape/Rapid

Headwater Headwater 
Floodplains Floodplains 

(n=33)(n=33)
All Sites (n=83)All Sites (n=83)Correlation Correlation 

CategoriesCategories
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Comparison of Levels I, II, III Comparison of Levels I, II, III -- All Juniata All Juniata 
SitesSites
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ConclusionsConclusions

MultiMulti--level approach was described and level approach was described and 
verified at each levelverified at each level
Each level is informativeEach level is informative
There are choicesThere are choices
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Spring Creek
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Bushkil
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Simulated Application Process for Simulated Application Process for 
Pennsylvania 2003Pennsylvania 2003--20102010

2003 - Protocol tested and training begins
2004 - Training field season
2005 - Process operational; each PADEP region (6) applies Level 1 or 
Level 2 process to wetlands in the top 20% of priority watersheds; 
coordinated by PADEP Central Office with assistance from CWC
2006 - Process is repeated for next quintile (20-40%) of watersheds
2007 - Process is repeated for next quintile (40-60%) of watersheds
2008 - Process is repeated for next quintile (60-80%) of watersheds
2009 - Process is repeated for final quintile (80-100%) of watersheds; 5-
year summary report compiled, and would include assessment of 
restoration success
2010 - Process is repeated beginning with the “new” top 20% list
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How This Could Work:How This Could Work:
Minimum anticipated level of effort by each 
PADEP regional office:

Level 1 - 20% of watersheds assessed (50 NWI 
wetlands/watershed)
Level 2 - minimum of 150 wetlands assessed per year 
(5 wetlands/day x 30 field days)

150 Level 2 wetland condition assessments (represents three 
large watersheds)

Level 3 - minimum of 10 wetlands assessed per year (1 
wetland/day x 10 day)

10 Level 3 wetland condition assessments
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How This Could Work (continued):How This Could Work (continued):

150 Level 2 wetland condition assessments (represents three 
large watersheds)

150 wetlands x 6 regional offices x 5 years = 4500 Level 2 
wetlands/cycle

10 Level 3 wetland condition assessments
10 wetlands x 6 regional offices x 5 years = 300 Level 3 wetlands/cycle
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Wetland Wetland 
Assessment/TMDL LinkAssessment/TMDL Link

Assessment Methodology Report on Condition

WQS:
Designated Uses

Criteria
Anti-degradation

Full Attainment

May Require TMDL

Restoration Actions

Does Not Require TMDL

Not Attaining (Impaired)

Report Attainment Status

Apply Assessment Methodology
Obtain data/info

Formulate attainment decisions

Reference Set

Define Attainment Status

Evaluate effectiveness 
of wetland implementation

in stream TMDLs

CWC Tasks

Future Tasks Current Tasks
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