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Topics Covered

1)1) Key elements of Watershed Condition Key elements of Watershed Condition 
AssessmentAssessment

2)2) Framework and Indicators UsedFramework and Indicators Used

3)3) Draft ResultsDraft Results

4)4) Key issues and lessons learnedKey issues and lessons learned



Watershed Condition Assessment
Goal and Key Elements

Key Elements:Key Elements:

1)1) Provide an initial set of scienceProvide an initial set of science--based reference/baseline based reference/baseline 
conditionsconditions in a manner that can become more refined and 
quantitative over time, and help parks define Desired Conditions.

2)2) Build upon existing park science & planning effortsBuild upon existing park science & planning efforts (e.g., 
GMP,  I&M data, Water Resource Planning)

3)3) Emphasize a strong geospatial componentEmphasize a strong geospatial component in terms of the 
analytical process and resulting information products. 

Goal:Goal:
Provide an Provide an ecological assessmentecological assessment of resource conditions of resource conditions 
(Health) (Health) thatthat will assist managers in developing actions to 
reduce and prevent impairment of park resources



Ecosystem Health Assessment
• Ecosystems are:

– Multi-component

– Interacting biophysical 
systems

– Hierarchically-structured

• No single metric or index is suitable

• Assessments must be 
multi-parameter and multi-scale 



EPA Assessment Framework

• Developed by EPA 
Science Advisory Board

• Guide for developing 
“report cards” on ecological 
health/condition

• Provides an ecologically-
based framework and 
examples of relevant 
indicators



Ecologically-based Framework

• Essential Ecological 
Attributes
– 3 pattern
– 3 process

• Processes create and 
maintain patterns

• Patterns affect how 
processes are 
expressed



Ecologically-based Framework

• EEAs have reporting 
categories and 
subcategories

• Categories and 
subcategories based 
on significant park 
resources and 
available data



Ecological Indicators
• Issues

– Numerous indicators

– Little or no data for 
most indicators

– Data is often 
temporally and 
spatially sporadic

– Generally have to 
consolidate data 
from many sources

– Data generally not 
standardized



Basic Approach
1) Select reporting categories 

2) Select health indicators 

3) Define reporting units (scales)

4) Compile existing data/reports

5) Define/quantify baseline conditions

6) Quantify current conditions

7) Measure deviation and 
assign rating

8) If possible, plot trends 

9) Summarize in report

10) Deliver associated GIS products
Time

In
di

ca
to

r

Baseline

Last 5 yrs



Major Outputs/Products
• Qualitative or Quantitative Baseline or Desired 

Condition

• Condition Status Rating

• Tabular results

• Trend Plots

• Aggregated assessment 
of major categories 



Major Outputs/Products
• Geospatial Data

• Report Covering: 
– Health Issues, Threats, Info/Data Gaps, 

Lessons Learned, Recommendations



Landscape Condition
• Reporting Categories

– Upland and Riparian

• Reporting Units

• Data Sources
– Desired Conditions:  Modeled Historic Vegetation
– Current Conditions:  NLCD and Detailed Park Vegetation Maps
– Trends:  NA

• Measures/Indicators
1. Number of Major Vegetation Classes
2. Number of patches
3. Average patch size
4. Largest patch size 

Site (30m grid cell) Ecological 
Subsection

Park BufferWithin Park



EFMO Current Vegetation EFMO Potential Vegetation Assessment Rankings

Site Specific Landscape Condition 
EFMO Area Within Boundary Entire Park

Rating %
No Ranking 5.61
Good ‐ 1 67.28
Neutral ‐2  26.70
Bad ‐ 3 0.41

2005 USGS-NPS Veg Mapping Data SSURGO Soils and ABS Current Veg vs. Potential Veg



Veg Specific Landscape Condition 
EFMO Area Within Buffer Entire Park

CURRENT VEG

POTENTIAL VEG

Silver Maple 
Temporarily 
Flooded Forest 
Alliance

Broadleaf 
Arrowhead 
Semipermanentl
y Flooded 
Herbaceous 
Alliance

LAND_U
SE

Sugar Maple ‐
American 
Basswood ‐
(Northern Red 
Oak) Forest 
Alliance

OPEN_W
ATER

White Oak ‐
(Northern Red 
Oak, Hickory 
species) Forest 
Alliance

Pondweed 
species ‐
Coontail 
species ‐
Waterweed 
species 
Permanently 
Flooded 
Herbaceous 
Alliance

Annual Close‐
grown Forbs 
and Grasses 
and/or Annual 
Row‐crop 
Forbs and 
Grasses 
Formations 
(no Alliance 
assignments)

Reed Canary 
Grass 
Seasonally 
Flooded 
Herbaceous 
Alliance

Perennial 
Grass Crops 
(hayland, 
pastureland) 
Formation (no 
Alliance 
assignment)

North Central 
Interior Oak 
Savanna 0.32 0.00 0.53 60.09 0.00 25.08 0.00 0.64 0.00 4.16
North Central 
Interior Oak 
Savanna OR 
Central Tallgrass 
Prairie 0.03 0.00 3.83 31.97 0.04 16.86 0.00 21.63 0.00 16.84
Central Tallgrass 
Prairie 0.00 0.00 0.00 0.00 0.00 0.00 0.00 100.00 0.00 0.00
North Central 
Interior Maple‐
Basswood Forest 0.63 0.00 3.33 59.29 0.25 18.65 0.03 2.67 0.10 8.31
North Central 
Interior Dry‐Mesic 
Oak Forest and 
Woodland 1.75 0.13 2.96 62.80 0.27 16.85 0.13 2.56 0.13 2.43
North Central 
Floodplain Forest 
OR North Central 
Interior Wet 
Meadow‐Shurb 
Swamp 30.18 2.53 2.60 3.50 27.03 0.49 6.25 11.14 6.50 1.49



Veg Specific Landscape Condition
EFMO Composition Within Boundary Entire Park

Potential Current Difference Potential Current Difference

Number 
of Patches

Number of 
Patches

Number of 
Patches

Mean Patch 
Size (M2)

Mean Patch 
Size (M2)

Mean Patch 
Size (M2)

Deciduous Upland 
Forest and 
Woodland 130 600 470 29,150 108 ‐29,042
Floodplain/Riparia
n Forest and 
Woodland 5 108 103 1,180,723 424 ‐1,180,299
Grassland or 
Savanna 42 30 ‐12 80,768 352 ‐80,416
Mixed Upland 
Forest and 
Woodland 11 72

Urban Impervious 7 3076

Water 4 40,311



Biotic Condition
• Reporting Category:

– Community composition: Fish

• Reporting Units
– Stream Reach
– Park subunits 
– Entire Park

• Data Sources:
– Desired Conditions:  Aquatic GAP Fish Models
– Current Conditions:  Heartland I&M Fish Community Data
– Trends:  NA

• Measures/Indicators
1. # of Predicted but not Collected
2. # Collected not Predicted
3. # Shared
4. Jacaard Similarity

ONSR Boundary

Jacks Fork

Lower Current

Upper Current



Biotic Condition-Community Composition
ONSR Fish Community Composition

Upper Current River #

Collected not Predicted 6

Predicted not Collected 27

Collected and Predicted 38

Jacaard Similarity 62

Jacks Fork #

Collected not Predicted 3

Predicted not Collected 24

Collected and Predicted 28

Jacaard Similarity 54

Upper Current River Jacks ForkLower Current River

Lower Current River #

Collected not Predicted 4

Predicted not Collected 41

Collected and Predicted 37

Jacaard Similarity 55



Biotic Condition
• Reporting Category

– Population Status: Fish

• Reporting Units
– Stream Reach
– Park subunits 
– Entire Park

• Data Sources
– Desired Conditions:  Predictive Models
– Current Conditions:  Heartland I&M Fish Community Data
– Trends:  Historic Fish Community Data (multiple 

sources)

• Measures/Indicators
1. Smallmouth Bass Relative Abundance

ONSR Boundary

Jacks Fork

Lower Current

Upper Current



Biotic Condition – Population Status
ONSR: Smallmouth bass Relative Abundance

by Site
Location Park Unit Observed

Abundance
Predicted 

Abundance
Difference Rating

CURRM01 Up. Current 0.79 1.73 -0.92
CURRM02 Up. Current 0.48 1.73 -1.25
CURRM03 Up. Current 3.07 1.73 1.34
CURRM04 Low. Current 6.85 1.73 5.12
CURRM05 Low. Current 4.96 1.73 3.23
CURRM06 Low. Current 2.21 1.73 0.48
JACKM01 Jacks Fork 3.17 1.73 1.44
JACKM02 Jacks Fork 7.75 1.73 6.02
JACKM03 Jacks Fork 4.16 1.73 2.43
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Biotic Condition – Population Status
ONSR Smallmouth bass Relative Abundance

By Park Subunit



Biotic Condition
• Reporting Categories

– Organism Condition
• Forest, Fish, Hellbenders

• Reporting Units
– Park Subunits
– Entire Park

• Data Sources
– Desired Conditions:  Professional Judgment
– Current Conditions:  Various Sources
– Trends:  Only for Forest Disease

• Measures/Indicators
1. Areal extent of disease (Forest)
2. % of diseased organisms (Fish and Hellbenders)

ONSR Boundary

Jacks Fork

Lower Current

Upper Current



Biotic Condition – Organism Condition
ONSR Signs of Disease

• Forest
– Oliveria et al. (2001) and Lea (2006) 

significant Oak Decline due to various 
stressors that are increasing susceptibility to 
disease.  Is expected to continue or worsen.

• Fish
– HTLN Fish Community Data.  Over 1,000 

individuals examined in each park subunit.  
Less than 1% of individuals demonstrated 
signs of disease.

• Hellbenders
– MDC survey data.  Collected 23 Hellbenders 

from Upper and Lower Current River units.  
Over 65% of the individuals demonstrated 
signs of disease/deformities.



Chemical and Physical Properties
• Reporting Categories

WATER AIR
1. Nutrients (N and P) 1. Precipitation
2. Metals (Pb, Zn, and Cd) 2. Temperature
3. Bacteria 3. Nutrients (N, S, Ca, Mg)
4. Other Chem (pH and Cl) 4. Ozone
5. Temperature and DO

• Reporting Units
– EFMO:  Stream, Hydroseason, and Month
– ONSR:   Park Subunit, Mainstem, Spring, and Tributary,    

Hydroseason, and Month

• Data Sources
– Desired Conditions:  EPA Standards or State Standards
– Current Conditions:  HTLN and STORET

CastNet and NADP data
– Trend Data:  NPS Baseline water quality inventory

CastNet and NADP data
• Measures/Indicators

1. Concentrations
2. Deposition
3. Many others



Chemical and Physical Properties
EFMO: Water

• Data sources:
– 11 stations
– Date range: 1973-2007

• Spatial strata
– Stream

• Yellow River, Dousman,
Sny Magill

• Temporal Strata
– Hydroseason

• 1: Sep1-Feb14
• 2: Feb15-Apr19
• 3: Apr20-Aug31

– Month (for temperature)

• 11 Parameters
– 96 distinct comparisons



Chemical Properties: Water
Parameters with Baseline Criteria



Chemical Properties: Water 
EFMO Nutrients: Total Nitrogen
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Hydroseason 3 (Apr 20-Aug 31)
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Chemical Properties: Water 
EFMO Bacteria: Fecal Colliform



Chemical Properties: Water
Draft Scorecard Both Parks 



Hydrology and Geomorphology
• Reporting Categories

1. Surface and Groundwater flows
2. Dynamic Structural Characteristics
3. Sediment Input and Transport

• Reporting Units
– Parkwide, Mainstems and Tributaries

• Data Sources
– Desired Conditions:  Professional Judgment based on 

Literature
– Current Conditions:  Professional Judgment based on 

Literature
– Trend Data:  Professional Judgment based on 

Literature
• Measures/Indicators

1. Fine sediment inputs
2. Fine sediment transport
3. Coarse sediment inputs
4. Coarse sediment transport



Sediment Inputs Sediment Transport
Coarse Fine Coarse Fine

Mainstem Mainstem

Tributaries Tributaries

Hydrology and Geomorphology
ONSR Sediment Inputs & Transport



Natural Disturbances
• Reporting Categories

1. Fire Regime
2. Flow Regime (Flood and Drought Flows)

• Reporting Units
– Park Subunits and Parkwide

• Data Sources
– Desired Conditions:  R. Guyette Fire History Studies and PJ
– Current Conditions:  Park Fire Management Plan
– Trend Data:  R. Guyette Fire History Studies

• Measures/Indicators
1. Frequency
2. Spatial Extent
3. Intensity



Natural Disturbances
ONSR: Fire Extent

From: Guyette, R.P. and B.E. Cutter.  1997.  



Natural Disturbances
ONSR: Fire Frequency

From: Guyette, R.P., M.C. Stambaugh, and D.C. Dey.  2003



Natural Disturbances
ONSR: Fire

• Fire Frequency

• Fire Extent

• Fire Intensity



Quantifying Threats/Stressors
Provides Critical Context

< -3.5
-3.5  - -0.4
-0.4  - 0.0
0.0  - 1.3
1.3  - 22.6

>22.6

Population Change in Watershed (1990-2000)
#/km2



Threats Quantified For Each Park

Transportation:
Airports

Length of road
Road – stream crossings

Length of Railroads
Rail – stream crossings

Agriculture:
Cropland

Pasture/rangeland
Row crop chemicals
Pasture chemicals

CAFO

Human infrastructure:
Population change

Power lines
Pipelines

Wells
Military sites

Impervious surface

Stream alteration:
Dams

Major reservoirs
Headwater impoundments

Channelization
Distance to reservoir

Fragmentation

Discharge:
LUST

Superfund sites
TRI

NPDES
Landfills

Waste water treatment

Mining:
Lead mines
Coal mines
Other mines

Oil & gas wells



Threat Examples

ONSR EFMO



Pesticide Applications



Other Threats: EFMO



Major Issues/Findings
• Ecosystem assessments are feasible
• Require broad range of expertise
• Must work closely with Park and I&M staff
• Many data limitations/gaps, particularly 

ecological processes
• Consolidating data and devising 

baseline/desired conditions can be a nightmare
• I&M data is critical
• Assessments will be significantly more 

informative in the future
• NPS needs a data entry, management, analysis, 

and reporting system



Questions?


	Watershed Condition Assessment
	Topics Covered
	Watershed Condition Assessment Goal and Key Elements
	Ecosystem Health Assessment
	EPA Assessment Framework
	Ecologically-based Framework
	Ecologically-based Framework
	Ecological Indicators
	Basic Approach
	Major Outputs/Products
	Major Outputs/Products
	Landscape Condition
	Site Specific Landscape Condition �EFMO Area Within Boundary Entire Park
	Veg Specific Landscape Condition �EFMO Area Within Buffer Entire Park
	Biotic Condition
	Biotic Condition
	Biotic Condition – Population Status�ONSR: Smallmouth bass Relative Abundance�by Site
	Biotic Condition
	Biotic Condition – Organism Condition�ONSR Signs of Disease�
	Chemical and Physical Properties
	Chemical and Physical Properties�EFMO: Water
	Chemical Properties: Water�Parameters with Baseline Criteria
	Hydrology and Geomorphology�
	Natural Disturbances
	Natural Disturbances�ONSR: Fire Extent
	Natural Disturbances�ONSR: Fire Frequency
	Natural Disturbances�ONSR: Fire
	Quantifying Threats/Stressors�Provides Critical Context
	Threats Quantified For Each Park
	Major Issues/Findings
	Questions?

