
2019 CFLRP Ecological Indicator Progress Report 

OVERVIEW

Introduction

In 2011, the National Forest Foundation convened CFLRP participants to develop a set of national indicators. The resulting five indicators are 
economic impacts, fire risk and costs, collaboration, leveraged funds, and ecological condition. Data to support these five indicators comes from 
a number of sources, including the Treatment for Restoration Economic Analysis Toolkit, collaboration surveys conducted by NFF, and the Annual 
Reports.

Projects first reported on ecological indicators in 2014. Since then, the CFLRP staff in the US Forest Service Washington Office have worked with 
colleagues and partners to review and update to template to make improvements while maintaining a consistent protocol to 2014.  The intent of 
the 2019 CFLRP Ecological Indicator Progress Report is to better understand your progress in advancing ecological outcomes.  It is not intended to 
capture everything about your monitoring activities.

To aid you in filling out this report, we recommend that you read the new 2019 Guidance Document.  We also recommend that you reference 
your past Annual Reports and your 2014 Ecological Indicator Progress Reports.  For additional help, please email CFLRP@fs.fed.us.

We appreciate the time and energy you dedicate to completing this progress report.  This information is critical for understanding the ecological 
outcomes of your work, telling the national story, supporting communication and transparency, and sharing successful approaches and practices 
across the nation.  

Thank you!
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2019 CFLRP Ecological Indicator Progress Report 

Project Name: State: 

FIRE REGIME   

Narrative - Note:  All boxes in this template will scroll, so you have as much space as you need. 

1. Did you make any changes to your desired condition(s) for fire regime as compared to the 2014 Ecological Indicator Report?
Please briefly describe:

3. Did you use any new or updated baseline data for evaluating your fire regime progress for the purposes of this report?
Please briefly describe: Yes       No

2. Did you make any changes to your monitoring methodologies for fire regime as compared to the 2014 Ecological Indicator
Report? Please briefly describe:  Yes       No

 Yes       No

2



4. Did your projects experience any unanticipated developments that positively or negatively affected expected progress
towards your desired conditions for fire regime?  (e.g. wildfire in the project area, litigation outcome, change in
collaborative participation, etc.)

5. What were the most difficult barriers or challenges you experienced in progressing towards your desired conditions for fire
regime?  If you adapted to address these challenges please provide a brief description of how.

6. Did you include the effects of treatments on areas adjacent to the active treatment area?  Yes       Noo
If yes, please briefly describe your methodology for including these adjacent acres, and describe any work conducted across land ownership in
support of desired conditions for fire regime.
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Examples: Modeled ecological departure indicates that forest vegetation is restored to Vegetation Condition Class 1 with low fire hazard across 51% (105,183 
acres) of the CFLR landscape; Fuel models indicate reduced likelihood of supporting a stand replacing fire across 8.5% of the CFLR landscape (73,000 acres); 
Fire-adapted landscapes transition from shrub-dominant understory fuel model to a grass/forb dominant understory fuel model across 50% of the CFLR 
landscape.

 % change (relative to the desired condition) occurs across   % of the landscape area by 

 % change (relative to the desired condition) occurs across    % of the landscape area by 

Please include 1-5 quantifiable desired condition statements upon which the above target is based: 

 % change (relative to the desired condition) occurs across  % of the project areas by  

% change (relative to the desired condition) occurs across % of the project areas by 

Please include 1-5 quantifiable desired condition statements upon which the above target is based: 

Example: Treatments in the project area result in a 23% reduction in potential flame length.  
Example:  75% of all prescribed burn projects meet prescription objectives as quantified in burn plan.

8. Landscape-scale Desired Conditions Target for Fire Regime:

Desired Conditions 

In this report, the term "desired conditions" refers to landscape and resource conditions (as defined collaboratively by stakeholders and land managers) that you are seeking to achieve and 
maintain for your CFLRP landscape over the next 10+ years. Desired conditions are outcome-driven not output-driven, and should link to your project's CFLRP proposal while being measurable. 
(Note: The term “desired condition” is used somewhat differently in the Forest Service’s Land Management Planning Process. In that context, it is not time bound, and often represents long-term 
social, economic and ecological goals, while the term "objective" is used to represent specific, measurable and time-bound benchmarks to be achieved while working toward desired conditions 
in a forest plan area.) In this report, the term "landscape” refers to the landscape identified in your CFRLP project proposal or in subsequently-approved proposal edits. See cover page for links to 
guidance.

7. Project-scale Desired Conditions Target for Fire Regime:
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9. Please select the broader goals that are central to your desired condition(s) for fire regime for the Project-scale (P) and Landscape-scale (L) :

Reduced risk/likelihood of uncharacteristic wildfires (high severity, widespread, high mortality, active crown fire/crown fire initiation) 
Re-establish natural fire regimes and move landscape to historical range of variability and/or natural range of variability 
Restore/maintain fire dependent and tolerant species 
Restore/maintain native species 
Restore/maintain heterogeneity (species, size classes)
Increase use of prescribed fires 
Other. Please describe:

Baseline Data Collection (i.e. was data collected prior to treatment to be used for later comparison?)
Accomplishment Reporting (i.e. was progress tracked using acres and miles reported?)
Implementation Monitoring (i.e. were the treatments implemented as prescribed?)
Effectiveness Monitoring (i.e. were treatments effective at meeting the stated objectives?)
Effectiveness Monitoring Pilot Study (i.e. was a trial run conducted to assess considerations of crafting an effectiveness monitoring plan?)
Ecological Impacts Monitoring (i.e. were there any unforeseen ecological consequences that could compromise treatment success?
Other. Please describe:

10. Please select the key outcomes you are hoping to achieve on the landscape through attainment of the broader goals you selected above:
Increase options/opportunities for managers to control/manage wildfires 
Protect communities and high valued resources/reduce risk of loss
Protection of water quality/supply
Public and firefighter safety
Reduced fire supression costs and avoided costs 
Other. Please describe:

11. Given these goals, please state the evaluation metric(s) you are using to monitor progress towards your desired conditions for fire regime for
this report. Note: This evaluation metric is something you are measuring or counting to monitor fire regime change.  It has a unit of measurement
attached to it.

Examples of fire regime evaluation metrics: basal area in square feet per acre (for tree density), quadratic mean diameter in inches (for tree sizes), litter and duff 
depths in centimeters (for fire hazard), percent canopy cover (for opennesss), fuels treatment effectiveness, tons of fuel loads removed (for fire hazard), avoided costs

Data and Methodology 
12. Select the type(s) of monitoring you used to assess Project-scale (P) and Landscape-scale (L) progress towards fire regime desired conditions
for this report.  Select all that apply:

P P          LL  

P P         LL  
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P       L 

Field-based sampling/plots: 
Remote sensing: 
    LiDAR     Aerial photography      NAIP      Landsat      Other: 
Treatments implemented (e.g. acres or miles accomplished): 
Modeling (include type and indicators used): 
Measuring a reduction in the fire risk index:
Observation/expert opinion:
Fuels treatment effectiveness:
GIS analysis:
Other:

P       L 

FSVeg:
Forest Inventory and Analysis (FIA): 
Fuels Treatment Effectiveness Report Database: 
GNN:
VMap:
Feat-Firemon Integrated Database: 
FACTS (please select performance measure):
     FP-FUELS-NON-WUI     FP-FUELS-WUI     FOR-VEG-EST     FOR-VEG-IMP     OTHER: 
Local database:
Inspection reports/contract record: 
Other: 

13. Select the methodologies used to assess Project-scale (P) and Landscape-scale (L) progress towards fire regime desired conditions for this
report.  Select all that apply and provide a brief description for each:

14. Where is the data that is being used for monitoring Project-scale (P) and Landscape-scale (L) progress toward fire regime desired 
conditions being stored?  Select the databases categories that apply and provide a description of the specific datasets being used.
Include links if available:
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Project-scale scoring 

From the beginning, CFLRP intended to shift towards desired conditions at the landscape-scale. As the disturbances and processes of interest occur at a 
landscape-scale, we need a landscape-scale assessment. It’s a challenge to look at the impacts at that scale, given the scale itself as well as time delays 
(e.g. it takes more time to shift outcomes at landscape-scale than project-scale). While landscape-scale is the focus, project-scale assessments allow 
projects to bring in their monitoring data and look at treatment outcomes. 

Each management action funded through CFLRP will have its own project-level objectives that are designed to contribute to achieving desired conditions 
at larger scales.  Project-scale scoring should reflect how well the results of an individual management activity met the objectives for that project.  
Individual projects may not meet every desired condition of the CFLRP project. Project-scale scoring is conducted by the multi-party monitoring group 
following completed management activities.  

An individual activity might not need to lead to a fully restored acre, but if it sets the landscape up for the next treatment it may still get a good rating.  
For example if a successful thinning doesn’t restore a fire regime, but it sets up landscape for subsequent burns that might, it could still receive a 
“Green” rating.  There may be many reasons for not scoring a “Green,” including ecological and sociological considerations beyond the scope of the 
CFLRP project as well as recognition of unanticipated barriers or challenges.  Note that scoring a “Yellow” or “Red” does not necessarily mean that work 
was not accomplished.  

If you need to summarize scores across different desired condition targets, please refer to Guidance Document for additional instruction. 

• Green   =  Expected progress is being made towards desired conditions across 75% or more of our CFLRP project areas.
• Yellow  =  Expected progress is being made towards desired conditions across 26% - 74% of our CFLRP project areas.
• Red       =  Expected progress is being made towards desired conditions across 25% or less of our CFLRP project areas.

Please briefly describe how you calculated your score.

Ecological Indicator 
Green, Yellow, or Red score and % of the 
CFLRP project areas resulting in 
measurable progress as defined above

Fire Regime

Are you achieving your CFLRP objectives? Yes or No?  If "no", briefly 
describe why in the box below and use the narrative section as needed.
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Scoring for National Reporting 

Landscape-scale scoring 

Few (if any) CFLRP-funded Landscapes propose to meet every proposed desired condition on every acre or achieve landscape-scale objectives through 
the mechanical treatment of every acre within their landscape boundary.  Rather, multiple projects with multiple objectives (fire risk reduction, wildlife 
habitat improvement, stream restoration, etc.) should facilitate meeting these broader objectives.  Scoring at the landscape-scale reflects the degree to 
which individual Landscapes are moving towards Desired Conditions at broader spatial extent. Landscape-scale scoring is conducted by the multi -party 
monitoring group at each Landscape.  

“Expected progress” will be defined using 10-year benchmarks for FY 2010 projects and 8-year benchmarks for FY 2012 projects for each desired 
condition based on a percentage of the lifetime outcome specified for the landscape in each proposal.   There may be many reasons for not scoring a 
“Green,” including ecological and sociological considerations beyond the scope of the CFLRP project as well as recognition of unanticipated barriers or 
challenges. Note that scoring a “Yellow” or “Red” does not necessarily mean that work was not accomplished.    

If you need to summarize scores across different desired condition targets, please refer to Guidance Document for additional instruction. 

• Green   =  Expected progress is being made towards desired conditions across
• Yellow  =  Expected progress is being made towards desired conditions across
• Red       =  Expected progress is being made towards desired conditions across

% of our CFLRP landscape area. 
% of our CFLRP landscape area. 
% of our CFLRP landscape area. 

Ecological Indicator 
Green, Yellow, or Red score and % of the 
landscape across which progress is being 
made towards desired conditions 

Fire Regime

Please briefly describe how you decided on the percentage thresholds used above for the scoring categories and how you calculated your score.

Are you achieving your CFLRP objectives? Yes or No?  If "no", briefly 
describe why in the box below and use the narrative section as needed.
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2019 CFLRP Ecological Indicator Progress Report 

Project Name: State: 

If watershed condition is not part of your CFLRP proposal and landscape restoration strategy, please let us know by checking this box. 

WATERSHED CONDITION

Narrative - Note:  All boxes in this template will scroll, so you have as much space as you need. 

1. Did you make any changes to your desired condition(s) for watershed condition as compared to the 2014 Ecological Indicator
Report? Please briefly describe:  Yes       No

3. Did you use any new or updated baseline data for evaluating your watershed condition progress for the purposes of this
report? Please briefly describe: Yes       No

2. Did you make any changes to your monitoring methodologies for watershed condition as compared to the 2014 Ecological
Indicator Report? Please briefly describe:  Yes       No

9



4. Did your projects experience any unanticipated developments that positively or negatively affected expected progress
towards your desired conditions for watershed condition?  (e.g. wildfire in the project area, litigation outcome, change in
collaborative participation, etc.)

5. What were the most difficult barriers or challenges you experienced in progressing towards your desired conditions for
watershed condition?  If you adapted to address these challenges please provide a brief description of how.

6. Are you using the Priority Watershed(s) identified through the Watershed Condition Framework to focus CFLRP watershed
restoration work and monitoring for this report? Yes      No      Our CFLRP does not have Priority Watersheds

If no, please briefly describe why you are not using the Priority Watersheds:

If yes, is there a Watershed Restoration Action Plan (WRAP) developed for the Priority Watershed(s)? Yes      No   

7. Our Priority Watershed(s)of focus for this report cover       % of the CFLRP landscape

8. Please select up to three conditions in each category for why it was chosen as a Priority (these are available in the WCATT entry):

Category 3: Opportunities
     Improve Condition
     Maintain Condition
     Potential Partnership
     Non-NFS Land Collaboration
     Larger Scale Restoration
     Leverage FS funds
     Socio-economic
     Other:

Category 1: Resource Values
     Wilderness
     Wild and Scenic River
     Experimental Watershed
     Municipal Watershed
     Outstanding Resource Water
     Species protection area
     Class 1 Air Shed
     Other:

Category 2: Concerns and Threats
     Water Quality
     Water Quantity
     Riparian Structure and Function
     Species Habitat
     Wildfire Risk
     Invasive Species
     Other:
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Examples: 50% of the essential projects identified in the watershed WRAP are implemented; Watershed Condition Classification indicates that 14 of the 17 
subwatersheds (82% of the CFLRP Landscape Area) are in Condition Class 1 (Properly Functioning); The Watershed Condition Classification for the fire regime and 
wildfire indicators are improved for 17% of the landscape (30% of the expected treatment area).

Desired Conditions 

In this report, the term "desired conditions" refers to landscape and resource conditions (as defined collaboratively by stakeholders and land managers) that you are seeking to achieve and 
maintain for your CFLRP landscape over the next 10+ years. Desired conditions are outcome-driven not output-driven, and should link to your project's CFLRP proposal while being measurable. 
(Note: The term “desired condition” is used somewhat differently in the Forest Service’s Land Management Planning Process. In that context, it is not time bound, and often represents long-term 
social, economic and ecological goals, while the term "objective" is used to represent specific, measurable and time-bound benchmarks to be achieved while working toward desired conditions in 
a forest plan area.) In this report, the term "landscape” refers to the landscape identified in your CFRLP project proposal or in subsequently-approved proposal edits. See cover page for links to 
guidance.

9. Project-scale Desired Conditions Target for Watershed Condition:

 % change (relative to the desired condition) occurs across   % of the landscape area by 

 % change (relative to the desired condition) occurs across    % of the landscape area by 

Please include 1-5 quantifiable desired condition statements upon which the above target is based: 

 % change (relative to the desired condition) occurs across  % of the project areas by  

% change (relative to the desired condition) occurs across % of the project areas by 

Please include 1-5 quantifiable desired condition statements upon which the above target is based: 

Examples: Over 50% of roads that will be used for activities in project areas have received or are planned for BMPs; Over 170 acres of riparian area are improved and 
floodplain reconnected, 2 miles of stream are restored, and dam removal results in 13 miles of fish passage.

10. Landscape-scale Desired Conditions Target for Watershed Condition:
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Water quality 
Water quantity
Aquatic habitat (fragmentation, woody debris, channel shape and function)   
Aquatic biota (life-form presence, native species, exotic/invasive species)
Improve riparian/wetland vegetation condition
Roads and trails (road density, road maintenance, proximity to water, mass wasting) 
Soils (erosion, productivity, contamination) 
Fire regime and wildfire (fire condition class, wildfire effects)
Forest cover
Rangeland vegetation
Terrestrial invasive species (extent and rate of spread)
Forest health (insects and disease, ozone)
Other.  Please describe:

12. Please select the actions you are implementing to work towards your desired condition(s):

Examples of evaluation metrics: Fine sediment volume (mL), fine sediment weight (g), basal area in square feet per acre (for tree density), number 
of woody debris pieces in a specific size class per stream mile (for fish habitat), stream flow rate (liters/sec), miles of road decommissioned (miles), 
fish population (number of fish per sweep).

11. Please select the indicator(s) below related to watershed condition that you are trying to affect to achieve your quantifiable desired
condition(s):

Road decommissioning
Road maintenance and/or improvement
Trail maintenance and/or improvement

Mechanical thinning
Prescribed fire/controlled burn 
Culvert replacement 
Reintroduction of native species 
Removal of exotic/invasive species

Other. Please describe: 

13. Please state the evaluation metric(s) you are using to monitor progress towards your desired conditions for watershed condition.
Note: This evaluation metric is something you are measuring or counting to monitor watershed condition.  It has a unit of measurement
attached to it.
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P       L 
National BMP monitoring (protect water quality):
Streambed coring: 
Float method (water flow):
Current meter (water flow):
Fish occupancy/use surveys:
Ground-based photo points or photo plots: 
Aerial surveys, aerial photography, or remote sensing: 
GIS analysis:
Treatments implemented (e.g. acres or miles accomplished) used as proxy for monitoring outcomes: 
Modelling used as proxy for monitoring outcomes: 
Other: 

15. Where is the the data that is being used for monitoring Project-scale (P) and Landscape-scale (L) progress toward watershed
condition being stored? Select the database categories that apply and provide a description of the specific datasets being used.
Include links if available:

P       L 
GIS database: 
County database: 
State database:
Tribal database:
Citizen Science database: 
Watershed Classification and Assessment Tracking Tool (WCATT):  
USFS database of record (e.g. FACTS, WIT, WorkPlan, etc.): please select performance measure from the table below 
Other: 

Data and Methodology 

14. Select the methodologies used to assess Project-scale (P) and Landscape-scale (L) progress towards watershed condition
desired conditions in this report.  Select all that apply and provide a brief description for each:
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16. Please describe why the datasets or performance measures you selected in Question 15 above are appropriate for assessing progress
towards your watershed desired conditions.
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Project-scale scoring 

From the beginning, CFLRP intended to shift towards desired conditions at the landscape-scale. As the disturbances and processes of interest occur at a 
landscape-scale, we need a landscape-scale assessment. It’s a challenge to look at the impacts at that scale, given the scale itself as well as time delays 
(e.g. it takes more time to shift outcomes at landscape-scale than project-scale). While landscape-scale is the focus, project-scale assessments allow 
projects to bring in their monitoring data and look at treatment outcomes. 

Each management action funded through CFLRP will have its own project-level objectives that are designed to contribute to achieving desired conditions 
at larger scales.  Project-scale scoring should reflect how well the results of an individual management activity met the objectives for that project.  
Individual projects may not meet every desired condition of the CFLRP project. Project-scale scoring is conducted by the multi-party monitoring group 
following completed management activities.  

An individual activity might not need to lead to a fully restored acre, but if it sets the landscape up for the next treatment it may still get a good rating.  
For example if a successful thinning doesn’t restore a fire regime, but it sets up landscape for subsequent burns that might, it could still receive a 
“Green” rating.  There may be many reasons for not scoring a “Green,” including ecological and sociological considerations beyond the scope of the 
CFLRP project as well as recognition of unanticipated barriers or challenges.  Note that scoring a “Yellow” or “Red” does not necessarily mean that work 
was not accomplished.  

If you need to summarize scores across different desired condition targets, please refer to Guidance Document for additional instruction. 

• Green   =  Expected progress is being made towards desired conditions across 75% or more of our CFLRP project areas.
• Yellow  =  Expected progress is being made towards desired conditions across 26% - 74% of our CFLRP project areas.
• Red       =  Expected progress is being made towards desired conditions across 25% or less of our CFLRP project areas.

Please briefly describe how you calculated your score.  

Ecological Indicator 
Green, Yellow, or Red score and % of the 
CFLRP project areas resulting in 
measurable progress as defined above

Watershed Condition

Are you achieving your CFLRP objectives? Yes or No?  If "no", briefly 
describe why in the box below and use the narrative section as needed.
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Scoring for National Reporting 

Landscape-scale scoring 

Few (if any) CFLRP-funded Landscapes propose to meet every proposed desired condition on every acre or achieve landscape-scale objectives through 
the mechanical treatment of every acre within their landscape boundary.  Rather, multiple projects with multiple objectives (fire risk reduction, wildlife 
habitat improvement, stream restoration, etc.) should facilitate meeting these broader objectives.  Scoring at the landscape-scale reflects the degree 
to which individual Landscapes are moving towards Desired Conditions at broader spatial extent. Landscape-scale scoring is conducted by the multi -
party monitoring group at each Landscape.  

“Expected progress” will be defined using 10-year benchmarks for FY 2010 projects and 8-year benchmarks for FY 2012 projects for each desired 
condition based on a percentage of the lifetime outcome specified for the landscape in each proposal.  There may be many reasons for not scoring a 
“Green,” including ecological and sociological considerations beyond the scope of the CFLRP project as well as recognition of unanticipated barriers or 
challenges. Note that scoring a “Yellow” or “Red” does not necessarily mean that work was not accomplished.    

If you need to summarize scores across different desired condition targets, please refer to Guidance Document for additional instruction. 

• Green   =  Expected progress is being made towards desired conditions across
• Yellow  =  Expected progress is being made towards desired conditions across
• Red       =  Expected progress is being made towards desired conditions across

% of our CFLRP landscape area. 
% of our CFLRP landscape area. 
% of our CFLRP landscape area. 

Ecological Indicator 
Green, Yellow, or Red score and % of the 
landscape across which progress is being 
made towards desired conditions 

Watershed Condition

Please briefly describe how you decided on the percentage thresholds used above for the scoring categories and how you calculated your score.  

Are you achieving your CFLRP objectives? Yes or No?  If "no", briefly 
describe why in the box below and use the narrative section as needed.
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2019 CFLRP Ecological Indicator Progress Report 

Project Name: State: 

If wildlife habitat is not part of your CFLRP proposal and landscape restoration strategy, please let us know by checking this box. 
If fish habitat is not part of your CFLRP proposal and landscape restoration strategy, please let us know by checking this box.

         FISH & WILDLIFE HABITAT

Narrative - Note:  All boxes in this template will scroll, so you have as much space as you need. 

1. Did you make any changes to your desired condition(s) for fish & wildlife habitat as compared to the 2014 Ecological Indicator
Report? Please briefly describe:                                                                                                                                                                               Yes       No

3. Did you use any new or updated baseline data for evaluating your fish & wildlife habitat progress for the purposes of this
report? Please briefly describe: Yes       No

2. Did you make any changes to your monitoring methodologies for fish & wildlife habitat as compared to the 2014 Ecological
Indicator Report? Please briefly describe:  Yes       No
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4. Did your projects experience any unanticipated developments that positively or negatively affected expected progress
towards your desired conditions for fish and wildlife habitat?  (e.g. wildfire in the project area, litigation outcome, change in
collaborative participation, etc.)

5. What were the most difficult barriers or challenges you experienced in progressing towards your desired conditions for fish
and wildlife habitat?  If you adapted to address these challenges please provide a brief description of how.

6. Did you include the effects of treatments on areas adjacent to the active treatment area?  Yes       Noo
If yes, please briefly describe your methodology for including these adjacent acres, and describe any work conducted across land
ownership in support of fish & wildlife habitat.
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Example:  50 miles of inaccessible salmon spawning habitat is made accessible by removing one dam.
Example:  Stands have a basal area of 50-80 square feet/acre, which is ideal for red-cockaded woodpecker.
Example:  Stands between 5,000-8,000 ft elevation are dominated by ponderosa pine, with 5-10 trees per group, and openings 0.25- 1 acre.

8. Landscape-scale Desired Conditions Target for Fish & Wildlife Habitat:

Example:  Slash pine is replaced by longleaf pine ecosystem across 5,000 acres of our CFLRP landscape.
Example:  Coniferous forests across the CFLRP landscape have an average canopy cover at or above 50%.
Example:  All identified inventoried aquatic organism passages at road/stream crossings that were found to be a barrier (10) are accessible for 
identified aquatic species at all life stages.

Desired Conditions 

In this report, the term "desired conditions" refers to landscape and resource conditions (as defined collaboratively by stakeholders and land managers) that you are seeking to achieve and 
maintain for your CFLRP landscape over the next 10+ years. Desired conditions are outcome-driven not output-driven, and should link to your project's CFLRP proposal while being measurable. 
(Note: The term “desired condition” is used somewhat differently in the Forest Service’s Land Management Planning Process. In that context, it is not time bound, and often represents long-term 
social, economic and ecological goals, while the term "objective" is used to represent specific, measurable and time-bound benchmarks to be achieved while working toward desired conditions in 
a forest plan area.) In this report, the term "landscape” refers to the landscape identified in your CFRLP project proposal or in subsequently-approved proposal edits. See cover page for links to 
guidance.

7. Project-scale Desired Conditions Target for Fish & Wildlife Habitat:

 % change (relative to the desired condition) occurs across   % of the landscape area by 

 % change (relative to the desired condition) occurs across    % of the landscape area by 

Please include 1-5 quantifiable desired condition statements upon which the above target is based: 

 % change (relative to the desired condition) occurs across  

(OPTIONAL. Use if separate, 
additional target is needed for 
aquatic habitat)

(OPTIONAL. Use if separate, 
additional target is needed for 
aquatic habitat)

% change (relative to the desired condition) occurs across 

% of the project areas by  

% of the project areas by 

Please include 1-5 quantifiable desired condition statements upon which the above target is based: 
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Open forest habitat (e.g. wider tree spacing, less mid-story vegetation)
Grass/forb/shrub abundance and/or diversity (e.g. native or desired)
Wildlife security (e.g. reduced disturbance and/or mortality to fish or wildlife)
Rare or sensitive ecosystem protection and/or restoration (e.g. longleaf, bluestem, riparian, meadow, aspen or wetland habitat) 
Horizontal Complexity (e.g. "mosaic"/diversity of habitat types, patch sizes, and/or patterns)
Vertical complexity (e.g. number of canopy layers) 
Forest structures (e.g. snags, downed wood, den trees)
Mast-producing plant abundance and/or diversity (e.g. acorns, nuts, fruits, or berries eaten by wildlife)
Sustainable flow of habitat age-classes through time (e.g. planning the proportion of early-, mid-, and late-seral stands)   
Habitat connectivity/availability (e.g. increased access to or availability of desired habitat)        
Aquatic habitat connectivity (e.g. culverts are passable to all aquatic organisms, no dams, stream diversions)
Aquatic habitat complexity (e.g. downed wood, pools, riffles, etc)
Aquatic sedimentation levels (e.g. suspended sediment or fine sediment in spawning gravels)
Other.  Please describe:

10. Please state the evaluation metric(s) you are using to monitor progress towards your desired conditions for fish & wildlife habitat for
this report.  Note: This evaluation metric is something you are measuring or counting to monitor habitat change.  It has a unit of
measurement attached to it.

Examples of habitat evaluation metrcs: basal area in square feet per acre (for tree density), number of trees per acre (for tree density), quadratic mean 
diameter in inches (for tree sizes), litter and duff depths in centimeters (for fire hazard), percent canopy cover (for opennesss), percent ground cover 
(for forage), seedling survival per acre per year (for reforestation), number of woody debris pieces in a specific size class per stream mile (for fish 
habitat), grass dry weight clippings used to calculate grass pounds per acre (for forage abundance)

Habitat

9. Please select the categories of the broader goals related to fish & wildlife habitat that you are trying to achieve through your
quantifiable desired condition(s):

20



Maintain abundance/density: 

Increase abundance/density: 

Decrease abundance/density: 

Maintain native species diversity: 

Increase native species diversity: 

Translocation/reintroduction: 

Optimal sustained yield of game species: 

Ecosystem function/food webs:  

Spatial extent of population:

Other.  Please describe:

12. If relevant for your CFLRP project, please state the evaluation metric(s) you are using to monitor progress towards your desired conditions
for fish & wildlife populations. Note: This evaluation metric is something you are measuring or counting to monitor population change.  It has a
unit of measurement attached to it.

Examples of population evaluation metrics: number of wildlife encounter events per unit area via point counts or remote cameras (for wildlife 
usage), number of pellet groups along transects used to calculate animal density per unit area (for mammal usage), presence/absence of a plant 
community-associated wildlife species in the project area, presence of aquatic species as indicated by eDNA

Please check this box if you are not evaluating fish & wildlife populations.

Populations

11. Please select the categories of broader goals related to fish & wildlife populations that you are trying to achieve through your
quantifiable desired condition(s).  Then list the specific species of interest related to each category you select.
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P       L 
Common Stand Exams (USFS procedures):
Understory vegetation plots or transects:
Fish or Wildlife occupancy/use surveys:
Stream surveys:
Remote motion-capture cameras:  
Ground-based photo points or photo plots: 
Aerial surveys, aerial photography, or remote sensing: 
Treatments implemented (e.g. acres or miles accomplished): 
Modeling (include type and whether ground-truthed): 
GIS analysis:  
Other:

15. Where is the the data that is being used for monitoring Project-scale (P) and Landscape-scale (L) progress toward fish & wildlife habitat desired
conditions being stored? Select the database categories that apply and provide a description of the specific datasets being used. Include links if available:

GIS database: 
County database: 
State database:
Tribal database:
Citizen Science database: 
FSVeg:
NRIS: 
Other USFS database of record: please select performance measure from the table below 
Other: 

Data and Methodology 

13. Select the type(s) of monitoring you used to assess Project-scale (P) and Landscape-scale (L) progress towards fish & wildlife habitat
desired conditions for this report.  Select all that apply.

14. Select the methodologies used to assess Project-scale (P) and Landscape-scale (L) progress towards fish & wildlife habitat desired
conditions for this report.  Select all that apply and provide a brief description for each:

P       L 
Baseline Data Collection (i.e. was data collected prior to treatment to be used for later comparison?)
Accomplishment Reporting (i.e. was progress tracked using acres and miles reported?)
Implementation Monitoring (i.e. were the treatments implemented as prescribed?)
Effectiveness Monitoring Pilot Study (i.e. was a trial run conducted to assess considerations of crafting an effectiveness monitoring plan?) 
Effectiveness Monitoring (i.e. were treatments effective at meeting the stated objectives?)
Ecological Impacts Monitoring (i.e. were there any unforeseen ecological consequences that could compromise treatment success?)
Other. Please describe:

P       L 
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16. Please describe why the datasets or performance measures you selected in Question 15 above are appropriate for assessing progress
towards your fish & wildlife habitat desired condition(s).
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Project-scale scoring 

From the beginning, CFLRP intended to shift towards desired conditions at the landscape-scale. As the disturbances and processes of interest occur at a 
landscape-scale, we need a landscape-scale assessment. It’s a challenge to look at the impacts at that scale, given the scale itself as well as time delays 
(e.g. it takes more time to shift outcomes at landscape-scale than project-scale). While landscape-scale is the focus, project-scale assessments allow 
projects to bring in their monitoring data and look at treatment outcomes. 

Each management action funded through CFLRP will have its own project-level objectives that are designed to contribute to achieving desired conditions 
at larger scales.  Project-scale scoring should reflect how well the results of an individual management activity met the objectives for that project.  
Individual projects may not meet every desired condition of the CFLRP project. Project-scale scoring is conducted by the multi-party monitoring group 
following completed management activities.  

An individual activity might not need to lead to a fully restored acre, but if it sets the landscape up for the next treatment it may still get a good rating.  
For example if a successful thinning doesn’t restore a fire regime, but it sets up landscape for subsequent burns that might, it could still receive a 
“Green” rating.  There may be many reasons for not scoring a “Green,” including ecological and sociological considerations beyond the scope of the 
CFLRP project as well as recognition of unanticipated barriers or challenges.  Note that scoring a “Yellow” or “Red” does not necessarily mean that work 
was not accomplished.  

If you need to summarize scores across different desired condition targets, please refer to Guidance Document for additional instruction. 

• Green   =  Expected progress is being made towards desired conditions across 75% or more of our CFLRP project areas.
• Yellow  =  Expected progress is being made towards desired conditions across 26% - 74% of our CFLRP project areas.
• Red       =  Expected progress is being made towards desired conditions across 25% or less of our CFLRP project areas.

Please briefly describe how you calculated your score.  

Ecological Indicator 
Green, Yellow, or Red score and % of the 
CFLRP project areas resulting in 
measurable progress as defined above

Fish and Wildlife Habitat 

Are you achieving your CFLRP objectives? Yes or No?  If "no", briefly 
describe why in the box below and use the narrative section as needed.
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Scoring for National Reporting 

Landscape-scale scoring 

Few (if any) CFLRP-funded Landscapes propose to meet every proposed desired condition on every acre or achieve landscape-scale objectives through 
the mechanical treatment of every acre within their landscape boundary.  Rather, multiple projects with multiple objectives (fire risk reduction, wildlife 
habitat improvement, stream restoration, etc.) should facilitate meeting these broader objectives.  Scoring at the landscape-scale reflects the degree to 
which individual Landscapes are moving towards Desired Conditions at broader spatial extent. Landscape-scale scoring is conducted by the multi -party 
monitoring group at each Landscape.  

“Expected progress” will be defined using 10-year benchmarks for FY 2010 projects and 8-year benchmarks for FY 2012 projects for each desired 
condition based on a percentage of the lifetime outcome specified for the landscape in each proposal.  There may be many reasons for not scoring a 
“Green,” including ecological and sociological considerations beyond the scope of the CFLRP project as well as recognition of unanticipated barriers or 
challenges. Note that scoring a “Yellow” or “Red” does not necessarily mean that work was not accomplished.    

If you need to summarize scores across different desired condition targets, please refer to Guidance Document for additional instruction. 

• Green   =  Expected progress is being made towards desired conditions across
• Yellow  =  Expected progress is being made towards desired conditions across
• Red       =  Expected progress is being made towards desired conditions across

% of our CFLRP landscape area. 
% of our CFLRP landscape area. 
% of our CFLRP landscape area. 

Ecological Indicator 
Green, Yellow, or Red score and % of the 
landscape across which progress is being 
made towards desired conditions 

Fish and Wildlife Habitat 

Please briefly describe how you decided on the percentage thresholds used above for the scoring categories and how you calculated your score.  

Are you achieving your CFLRP objectives? Yes or No?  If "no", briefly 
describe why in the box below and use the narrative section as needed.
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2019 CFLRP Ecological Indicator Progress Report 

Project Name: State: 

If invasive species is not part of your CFLRP proposal and landscape restoration strategy, please let us know by checking this box.  

1. Did you make any changes to your desired condition(s) for invasive species as compared to the 2014 Ecological Indicator
Report? Please briefly describe:  Yes       No

3. Did you use any new or updated baseline data for evaluating your invasive species progress for the purposes of this
report? Please briefly describe: Yes       No

2. Did you make any changes to your monitoring methodologies for invasive species as compared to the 2014 Ecological
Indicator Report? Please briefly describe:  Yes       No

INVASIVE SPECIES

Narrative - Note:  All boxes in this template will scroll, so you have as much space as you need
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4. Did your projects experience any unanticipated developments that positively or negatively affected expected progress
towards your desired conditions for invasive species?  (e.g. wildfire in the project area, litigation outcome, change in
collaborative participation, etc.)

5. What were the most difficult barriers or challenges you experienced in progressing towards your desired conditions for
invasive species?  If you adapted to address these challenges please provide a brief description of how.
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Example:  Cogongrass is reduced to less than 25% cover.
Example:  Using the prevention protocols on all projects, no new invasive species infestations are established. 

7. Landscape-scale Desired Conditions Target for Invasive Species:

Example:  The increase in coverage of Leafy Spurge and Rush Skeletonweed is prevented on 500 acres of sensitive botanical habitat within our CFLRP landscape. 
Example:  All known populations of Yellow Star Thistle are contained along 100  miles of FS roads and trails within our CFLRP landscape.
Example:  The presence of feral swine is surveyed and mapped on 500 acres within our CFLRP landscape.

Desired Conditions 

In this report, the term "desired conditions" refers to landscape and resource conditions (as defined collaboratively by stakeholders and land managers) that you are seeking to achieve and 
maintain for your CFLRP landscape over the next 10+ years. Desired conditions are outcome-driven not output-driven, and should link to your project's CFLRP proposal while being measurable. 
(Note: The term “desired condition” is used somewhat differently in the Forest Service’s Land Management Planning Process. In that context, it is not time bound, and often represents long-term 
social, economic and ecological goals, while the term "objective" is used to represent specific, measurable and time-bound benchmarks to be achieved while working toward desired conditions in 
a forest plan area.) In this report, the term "landscape” refers to the landscape identified in your CFRLP project proposal or in subsequently-approved proposal edits. See cover page for links to 
guidance.

6. Project-scale Desired Conditions Target for Invasive Species

 % change (relative to the desired condition) occurs across   % of the landscape area by 

 % change (relative to the desired condition) occurs across    % of the landscape area by 

Please include 1-5 quantifiable desired condition statements upon which the above target is based: 

 % change (relative to the desired condition) occurs across  

% change (relative to the desired condition) occurs across 

% of the project areas by  

% of the project areas by 

Please include 1-5 quantifiable desired condition statements upon which the above target is based: 
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8. Please select the categories of the broader goals related to invasive species that you are trying to achieve through your quantifiable desired 
condition(s):

Inventory and Mapping
Risk Assessment
Prevention
Maintenance at current levels 
Containment below thresholds 
Reduction
Eradication  
Increased resilience. Recognizing invasive species are not constrained to disturbed areas, please describe your definition of resilience 
in an invasive species context:   
Other.  Please describe:

9. For each invasive species you have addressed within your CFRLP landscape, please list the action(s)1 you have taken to work towards your 
invasive species desired conditions, the acres and/or miles you have accomplished, and the efficacy of each action:
(All of the following data is reported in FACTS.) 

1  Actions taken to address an invasive species might include inventory & mapping, hand removal, mechanical removal, release of a biological control agent (an organism that 
kills the target species), ground-based herbicide application, aerial herbicide application, tarping, grazing, preventative weed wash stations, trapping invasive animals, etc. 

Target Invasive Species Action Taken Acres  Efficacy (%)Land Ownership
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P       L 

GIS database: 
County database: 
State database:
Tribal database:
Citizen Science database: 
Forest Inventory and Analysis (FIA) database:  
USFS database of record (FACTS - select performance measures):

Other: 

10. Please briefly describe the specific negative impacts each of your target invasive species causes that you are trying to avoid. 
These impacts can be environmental, economic, cultural, or human/animal health-related.

Data and Methodology 

11. Select the methodologies used to assess Project-scale (P) and Landscape-scale (L) progress towards invasive species 
desired conditions for this report.  Select all that apply and provide a brief description of each:

Aerial surveys/inventories/mapping:
Ground surveys/inventories/mapping:
Environmental sampling (wood, soil, water, infected tissue, etc.):  
Observations of individuals: 
Observations of damage: 
Observation of tracks, scat, nests, etc.: 
Trap samples: 
eDNA: 
Other: 

12. Where is the the data that is being used for monitoring Project-scale (P) and Landscape-scale (L) progress toward invasive species 
desired conditions being stored?  Select the databases categories that apply and provide a description of the specific datasets being 
used.  Include links if available:

INVPLT-NXWD-FED-AC Highest priority acres treated for noxious weeds and invasive pests INVSPE-TERR-FED-AC Highest priority acres treated for invasive terrestrial 
& aquatic species

P       L 
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Project-scale scoring 

From the beginning, CFLRP intended to shift towards desired conditions at the landscape-scale. As the disturbances and processes of interest occur at a 
landscape-scale, we need a landscape-scale assessment. It’s a challenge to look at the impacts at that scale, given the scale itself as well as time delays 
(e.g. it takes more time to shift outcomes at landscape-scale than project-scale). While landscape-scale is the focus, project-scale assessments allow 
projects to bring in their monitoring data and look at treatment outcomes. 

Each management action funded through CFLRP will have its own project-level objectives that are designed to contribute to achieving desired conditions 
at larger scales.  Project-scale scoring should reflect how well the results of an individual management activity met the objectives for that project.  
Individual projects may not meet every desired condition of the CFLRP project. Project-scale scoring is conducted by the multi-party monitoring group 
following completed management activities.  

An individual activity might not need to lead to a fully restored acre, but if it sets the landscape up for the next treatment it may still get a good rating.  
For example if a successful thinning doesn’t restore a fire regime, but it sets up landscape for subsequent burns that might, it could still receive a 
“Green” rating.  There may be many reasons for not scoring a “Green,” including ecological and sociological considerations beyond the scope of the 
CFLRP project as well as recognition of unanticipated barriers or challenges.  Note that scoring a “Yellow” or “Red” does not necessarily mean that work 
was not accomplished.  

If you need to summarize scores across different desired condition targets, please refer to Guidance Document for additional instruction. 

• Green   =  Expected progress is being made towards desired conditions across 75% or more of our CFLRP project areas.
• Yellow  =  Expected progress is being made towards desired conditions across 26% - 74% of our CFLRP project areas.
• Red       =  Expected progress is being made towards desired conditions across 25% or less of our CFLRP project areas.

Please briefly describe how you calculated your score.  

Ecological Indicator 
Green, Yellow, or Red score and % of the 
CFLRP project areas resulting in 
measurable progress as defined above

Invasive Species

Are you achieving your CFLRP objectives? Yes or No?  If "no", briefly 
describe why in the box below and use the narrative section as needed.
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Scoring for National Reporting 

Landscape-scale scoring 

Few (if any) CFLRP-funded Landscapes propose to meet every proposed desired condition on every acre or achieve landscape-scale objectives through 
the mechanical treatment of every acre within their landscape boundary.  Rather, multiple projects with multiple objectives (fire risk reduction, wildlife 
habitat improvement, stream restoration, etc.) should facilitate meeting these broader objectives.  Scoring at the landscape-scale reflects the degree to 
which individual Landscapes are moving towards Desired Conditions at broader spatial extent. Landscape-scale scoring is conducted by the multi -party 
monitoring group at each Landscape.  

“Expected progress” will be defined using 10-year benchmarks for FY 2010 projects and 8-year benchmarks for FY 2012 projects for each desired 
condition based on a percentage of the lifetime outcome specified for the landscape in each proposal.  There may be many reasons for not scoring a 
“Green,” including ecological and sociological considerations beyond the scope of the CFLRP project as well as recognition of unanticipated barriers or 
challenges. Note that scoring a “Yellow” or “Red” does not necessarily mean that work was not accomplished.    

If you need to summarize scores across different desired condition targets, please refer to Guidance Document for additional instruction. 

• Green   =  Expected progress is being made towards desired conditions across
• Yellow  =  Expected progress is being made towards desired conditions across
• Red       =  Expected progress is being made towards desired conditions across

% of our CFLRP landscape area. 
% of our CFLRP landscape area. 
% of our CFLRP landscape area. 

Ecological Indicator 
Green, Yellow, or Red score and % of the 
landscape across which progress is being 
made towards desired conditions 

Invasive Species 

Please briefly describe how you decided on the percentage thresholds used above for the scoring categories and how you calculated your score.  

Are you achieving your CFLRP objectives? Yes or No?  If "no", briefly 
describe why in the box below and use the narrative section as needed.

32



Monitoring References and Resources 

1. Briefly describe any key lessons learned about integration across these 4 ecological sub-indicators.
For example, if you planned fuels reduction treatments (Fire Regime) strategically around a Priority Watershed (Watershed Condition).

2. Briefly describe the roles of the parties involved in setting the desired conditions, and collecting, assessing, and sharing the data used in this report:

3. Please acknowledge the people who assisted with completing this 2019 CFLRP Ecological Indicator Report:

4. Please provide links to your past CFLRP monitoring reports developed by the USFS, partners, etc.:

 Examples: Uncompahgre CFLRP Monitoring of Forest Spatial Patterns; Four Forest Restoration Initiative Bird Survey Report 2015 

5. Please provide links to your CFLRP monitoring plans and any approved revisions (or include as an attachment):

 Examples: Colorado Front Range Multi-Party Monitoring Plan; Dinkey Landscape Ecological Monitoring Plan

6. Please provide links to technical reports or other literature utilized in determining and assessing the desired conditions used in this report:

Examples: Historical Forest Attributes of the Western Blue Mountains of Oregon; Restoring Ponderosa Pine Forests of the Colorado Front Range 
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Future species composition will affect forest water use after loss
of eastern hemlock from southern Appalachian forests


STEVEN BRANTLEY,1,2,3 CHELCY R. FORD,2 AND JAMES M. VOSE
2,4


1Department of Forest Resources, University of Minnesota, St. Paul, Minnesota 55108 USA
2USDA Forest Service, Southern Research Station, Coweeta Hydrologic Lab, Otto, North Carolina 28763 USA


Abstract. Infestation of eastern hemlock (Tsuga canadensis (L.) Carr.) with hemlock woolly
adelgid (HWA, Adelges tsugae) has caused widespread mortality of this key canopy species
throughout much of the southern Appalachian Mountains in the past decade. Because eastern
hemlock is heavily concentrated in riparian habitats, maintains a dense canopy, and has an
evergreen leaf habit, its loss is expected to have a major impact on forest processes, including
transpiration (Et). Our goal was to estimate changes in stand-level Et since HWA infestation,
and predict future effects of forest regeneration on forest Et in declining eastern hemlock stands
where hemlock represented 50–60% of forest basal area. We used a combination of community
surveys, sap flux measurements, and empirical models relating sap flux-scaled leaf-level
transpiration (EL) to climate to estimate the change in Et after hemlock mortality and forecast
how forest Et will change in the future in response to eastern hemlock loss.


From 2004 to 2011, eastern hemlock mortality reduced annual forest Et by 22% and reduced
winter Et by 74%. As hemlock mortality increased, growth of deciduous tree species—especially
sweet birch (Betula lenta L.), red maple (Acer rubrum L.), yellow poplar (Liriodendron tulipifera
L.), and the evergreen understory shrub rosebay rhododendron (Rhododendron maximum L.)—
also increased, and these species will probably dominate post-hemlock riparian forests. All of
these species have higher daytime EL rates than hemlock, and replacement of hemlock with
species that have less conservative transpiration rates will result in rapid recovery of annual
stand Et. Further, we predict that annual stand Et will eventually surpass Et levels observed
before hemlock was infested with HWA. This long-term increase in forest Et may eventually
reduce stream discharge, especially during the growing season. However, the dominance of
deciduous species in the canopy will result in a permanent reduction in winter Et and possible
increase in winter stream discharge. The effects of hemlock die-off and replacement with
deciduous species will have a significant impact on the hydrologic flux of forest transpiration,
especially in winter. These results highlight the impact that invasive species can have on
landscape-level ecosystem fluxes.


Key words: Adelges tsugae; Betula lenta; eastern hemlock; evapotranspiration; hemlock woolly adelgid;
invasive species; Jarvis model; Rhododendron maximum; sap flux; Tsuga canadensis; vapor pressure deficit;
water use.


INTRODUCTION


Accurately quantifying changes in ecosystem function


(e.g., productivity, hydrology, and so forth) following


introduction of an invasive species is a challenging but


important step in providing guidance to prioritizing


mitigation and restoration strategies. This is especially


true where landscape-level processes, such as the balance


between forest evapotranspiration (ET) and runoff,


affect adjacent ecosystems such as streams, and ecosys-


tem services such as freshwater supply. Invasive plant


species have been documented to directly or indirectly


alter the hydrologic cycle in a wide range of ecosystems.


For example, in Florida, the nonnative invasive


Melaleuca quinquenervia (tea tree) increases ET rates


and decreases water table depth (Gordon 1998). In the


western United States, encroachment of velvet mesquite


(Prosopis velutina) into riparian areas increases ET,


causes growing-season ET to exceed precipitation input,


and decreases groundwater table depth (Scott et al.


2006). Similarly, salt cedar (Tamarix ramosissima)


invasion into riparian stands decreases transpiration


and productivity of native Fremont cottonwood stands


in the western United States (Pataki et al. 2005).


Tree die-off from insect infestation is one of the most


important direct effects of invasive species on ecosystem


function, and affects ecohydrological processes through


reduction in canopy cover (Adams et al. 2012). Invasive


insects, such as the hemlock woolly adelgid (HWA,
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Adelges tsugae Annand), that change community


composition through extirpation of foundation species


(Ellison et al. 2005, Spaulding and Rieske 2010, Krapfl


et al. 2011), are likely to have a lasting effect on


hydrologic function of forests. Recent work in eastern


North American forests is beginning to estimate the


functional changes resulting from the loss of eastern


hemlock, Tsuga canadensis (L.) Carr. (Pinaceae), after


infestation with HWA (Ellison et al. 2005, Daley et al.


2007, Ford and Vose 2007, Nuckolls et al. 2009, Krapfl


et al. 2011). In the southern Appalachians, transpiration


is a large component (�50%) of the hydrologic budget


(Vose and Swank 1994), and loss of a foundation


species, especially an evergreen species such as eastern


hemlock that transpires and intercepts water year-


round, is likely to affect forest ET. In the short term,


eastern hemlock loss is projected to cause a significant


decline in annual stand transpiration (10%) and an even


greater decline in winter transpiration (30%) (Ford and


Vose 2007), but long-term effects will vary with


community trajectory (Spaulding and Rieske 2010, Ford


et al. 2012). Currently there is a need to predict how


forest Et will respond to future community composition.


Long-term changes in forest ET due to hemlock loss


will depend on future species composition, specifically


the composition of tree species and the presence or


absence of Rhododendron maximum L. (Ericaceae), a


large, evergreen understory woody shrub. Recent


research on vegetation dynamics in eastern hemlock


stands undergoing simulated and actual mortality from


HWA shows that regeneration in these communities is


dominated by rhododendron where this shrub is already


present (Elliott and Vose 2010, Krapfl et al. 2011, Ford


et al. 2012). Rhododendron forms dense understory


thickets that alter soil nutrient availability and confer


low rates of successful seedling establishment and


growth in the understory (Clinton and Vose 1996,


Wurzburger and Hendrick 2007). In areas where


rhododendron is absent, studies suggest that a mix of


Acer, Betula, Fagus, and Quercus canopy genera, if they


can become established, will most likely replace declin-


ing hemlock (Orwig and Foster 1998, Spaulding and


Rieske 2010, Ford et al. 2012). Two species are of


particular interest: red maple Acer rubrum L. (Acer-


aceae) and sweet birch Betula lenta L. (Betulaceae). Red


maple is ubiquitous throughout low-elevation southern


Appalachian forests, and has been increasing in


importance (Elliott et al. 1999), particularly in response


to disturbance (Elliott and Swank 2008, Elliott and Vose


2010). Sweet birch, also a large component of the mesic


hemlock cove community type, is an early-successional


species, has increased in importance in mesic hemlock


coves areas following disturbance (Elliott et al. 1999,


Elliott and Swank 2008), and dominates forest dynamics


following hemlock mortality in northeastern forests


(Orwig and Foster 1998, Eschtruth et al. 2006, Daley


et al. 2007).


Our goals were to estimate recent changes in stand-


level transpiration (Et) after HWA infestation and to
predict future changes in stand Et as eastern hemlock is


replaced. We used a combination of direct measure-
ments of community change, sap flux density and


climate, and modeled potential recovery of Et under
projected changes in community composition through
2050. We hypothesized that deciduous species likely to


replace hemlock would have a less conservative instan-
taneous EL, and therefore higher Et, than hemlock;


however, rhododendron EL would be more comparable
to hemlock EL. We then explored how phenological


differences between replacement species and hemlock
would affect seasonal patterns of Et. We focused


particularly on autumn and winter Et, with the goal of
simulating how seasonal patterns of forest Et might be


altered permanently due to differences in phenology, but
recognizing that rhododendron might compensate par-


tially for hemlock loss.


METHODS


Study site


This study was conducted at the USDA Forest Service
Coweeta Hydrologic Laboratory. The Coweeta basin is


a ;5400-ha watershed located in Macon County, North
Carolina, USA, and is part of the Nantahala Mountain


Range. Climate in the basin is classified as marine,
humid temperate (Swift et al. 1988). Average annual


precipitation on the valley floor is 1794 mm. Mean
annual temperature is 12.68C, but has been increasing at


a rate of 0.58C per decade since the late 1970s to early
1980s (Laseter et al. 2012).


Measurement of sap flux density took place on two
study plots, each 400 m2 in area, which were located in


the riparian corridor (;700 m above sea level) along
Shope Fork, a third-order stream draining the northern


section of the Coweeta basin. Species composition in
study plots was dominated by eastern hemlock (;50%
of the basal area); rosebay rhododendron (;2000 stems/
ha and ;5% basal area); and sweet birch (;5% basal
area) (Brown 2004). The remaining 40% of basal area


was composed of various hardwood species, including
red maple as well as Liriodendron tulipifera L. (Magno-


liaceae), Nyssa sylvatica Marsh. (Cornaceae), Quercus
spp., and Carya spp.


Estimates of stand Et were based on community data
from four separate intensive hemlock study plots, each


400 m2 in area, located in riparian corridors along Shope
Fork and Ball Creek. In 2004, species composition in


these plots was dominated by eastern hemlock (61% of
the basal area), rosebay rhododendron (9% basal area),


and sweet birch (7% basal area). The remaining 23% of
basal area was composed primarily of the various


hardwood species previously listed, including red maple.
Although other evergreens were present, i.e., Kalmia


latifolia L. (Ericaceae) and Pinus strobus L. (Pinaceae),
occurrence of these species was not consistent across


plots and together they represented ,2% of total basal
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area. Mean leaf area index (LAI) among plots was 8.0 6


0.9 m2/m2, 55% of which was eastern hemlock, and 78%
of which was eastern hemlock, rhododendron, red


maple, and sweet birch.


Climate data


An open-field climate station (CS01), located ;1 km


from the site, measured the following variables every 1


min and logged 15- and 60-min averages: air tempera-


ture (T ), relative humidity (RH; model HMP45C,


Campbell Scientific, Logan, Utah, USA), rainfall, and


solar radiation (W/m2, 8–48, Epply Lab, Newport,


Rhode Island, USA) (Fig. 1). From ambient T,


saturation vapor pressure (es) was calculated according


to Lowe (1977). Actual vapor pressure (ea) was


calculated from fractional RH and es. Air vapor


pressure deficit (D) was calculated as the difference


between es and ea. Photosynthetic photon flux density


(PPFD; lmol photons�m�2�s�1) incident on the upper


canopy was estimated from solar radiation measure-


ments by assuming that 50% was in the 400–700 nm


wavelength (Landsberg and Waring 1997) and a


conversion factor of 4.608 lmol quanta/J (Campbell


and Norman 1998).


Climate variables were also measured within the two


sap flux plots at a height of 9 m above the forest floor


(;2 m above the rhododendron shrub canopy) (Fig. 1).


Six GaAsP photodiodes (Model G1118, Hamamatsu,


Bridgewater, New Jersey, USA; Pontailler 1990) cali-


brated against a commercial quantum sensor (LI190, LI-


FIG. 1. (a) Photosynthetic photon flux density (PPFD), (b) air temperature, and (c) vapor pressure deficit (D) for hemlock
study sites (solid circles; below canopy, ;9 m above ground surface) and from a nearby (;1 km) open-field meteorological station
(open circles). (d) Daily precipitation (vertical bars) and soil moisture deficit, an index of relative soil moisture (open circles). Data
from April 2006–November 2007 are shown.


June 2013 779TRANSPIRATION AFTER HEMLOCK LOSS







COR, Lincoln, Nebraska, USA) were mounted in two


arrays on top of two towers to represent PPFD below


the canopy (i.e., incident on the rhododendron canopy).


One RH and T sensor (model HMP45C; Campbell


Scientific, Logan, Utah, USA) was mounted just below


one of the PPFD arrays. Sensors were queried every 30 s


and 15-min averages were logged. Soil moisture at 0–30


cm depth was estimated at two locations using time


domain reflectometry (TDR, model CS616, Campbell


Scientific, Logan, Utah, USA). Due to the high organic


matter content in these soils, we developed calibration


curves relating sensor period output to volumetric water


content (h) on a soil sample taken from the plot.


Volumetric water content was converted to soil moisture


deficit (SMD) according to Granier and Loustau (1994),


using the following equation:


SMD ¼ hmax � h
hmax � hmin


ð1Þ


where hmax and hmin are the highest and lowest observed


values, respectively, over the entire sampling period.


Sap flux density measurements


In the two sap flux plots, we installed constant heat


thermal dissipation sensors (Granier 1985) to determine


sap flux density (Js; g H2O�m�2 sapwood�s�1) of the


outer 2 or 3 cm of the active xylem of four species:


eastern hemlock, sweet birch, red maple, and rhododen-


dron. We monitored Js in 16 T. canadensis trees during


2004–2005, prior to HWA infestation. Sap flux density


in seven sweet birch trees, three red maple trees, and six


rhododendron shrubs was monitored from April 2006 to


October 2008. Sample trees and shrubs with stem


diameters measuring �45 cm dbh at 1.37 m (trees) or


1.1–1.3 m (shrubs) above the ground surface had 2-cm


probes installed, whereas those with dbh . 45 cm had 3-


cm probes installed. Based on increment cores taken


from adjacent T. canadensis trees, probes 3 cm long were


needed to cover at least 30% of the sapwood depth in


trees larger than 45 cm. For each individual monitored,


two sensors were installed circumferentially at least 908


apart. Probes were installed, shielded from thermal


gradients, and wired to dataloggers as described by Ford


and Vose (2007). We replaced sensors if null, out of


range, or negative readings were recorded, or if probes


were physically damaged. Dataloggers queried sensors


every 30 s, and logged 15-min means (Model CR103,


Campbell Scientific, Logan, Utah, USA). The temper-


ature difference between the upper and lower probes was


converted to sap flux density using a power equation


similar in form to that of Granier (1985), but with


coefficients derived on-site for each species (C. Ford,


unpublished data). Maximum temperature differences for


each sensor pair were identified during the previous two


weeks. For all trees, readings for the two replicate sets of


sensors were averaged. To scale Js measurements made


in the outer 2 or 3 cm of sapwood to total sap flow (F, g


H2O/s), we used a known radial profile for eastern


hemlock (Ford and Vose 2007) and developed a general


radial profile for all other species using a measured


profile for red maple, because species with similar xylem


anatomy often display similar distributions of Js within


the functional xylem (Phillips et al. 1996). Methods are


presented in Ford et al. (2007).


Allometry and scaling


We estimated sapwood area by extracting increment


cores from nearby trees or from allometric relationships


between over-bark dbh and sapwood area (SWA)


determined from whole-tree harvests. Equations for


red maple (n ¼ 11) and sweet birch (n ¼ 10) were


developed from extracting increment cores from trees in


the Coweeta basin at a nearby site (R. Hubbard and B.


Kloeppel, unpublished data). Equations for rhododen-


dron (n ¼ 10) were developed from extracting two


increment cores per shrub on individuals growing


adjacent to the study plots. SWA for T. canadensis


was estimated from allometric equations (Santee 1978,


Santee and Monk 1981). All trees and shrubs in the plots


were surveyed for dbh in the winter months.


Peak leaf area for individual trees and shrubs was


estimated using allometric equations relating leaf area to


diameter at breast height (dbh). Equations for eastern


hemlock were developed from 13 harvested trees at


Coweeta, 10 of which spanned a range of dbh up to 26


cm harvested in 1970 (Santee 1978, Santee and Monk


1981), and three larger trees (37.7–57.1 cm dbh) from


riparian areas harvested in late summer 2005 (C. Ford,


unpublished data). Equations for rhododendron were


developed from destructively harvested shrubs in the


Coweeta basin that were growing along a low-elevation


riparian corridor (n ¼ 8; Kloeppel et al., unpublished


data). Equations for red maple and sweet birch were


developed from destructively harvested trees in the


Coweeta basin (Martin et al. 1999). Seasonal leaf area


dynamics of A. rubrum, B. lenta, and R. maximum were


monitored on six nearby individuals of each species


during 2007 to determine the timing of peak leaf area


(see Appendix). For each individual tree, two replicate


leaves were monitored for budburst; after budburst,


length and width of individual leaves were measured on


a weekly basis until leaf size peaked. We used a different


approach for eastern hemlock. Infestation with hemlock


woolly adelgid was first documented on eastern hemlock


in the basin in the late fall of 2005 and eastern hemlock


did not produce a new foliage cohort in 2006 on the trees


monitored. We used litter trap data collected on nearby


plots to estimate timing of leaf fall for this species


(Nuckolls 2007). For both eastern hemlock and the


three replacement species, we estimated projected leaf


area over time for each tree by multiplying the peak


projected leaf area by the fraction of peak leaf area vs.


day of year. These data were incorporated into the


analysis of sap flux data to estimate leaf-level transpi-


ration (EL) for individual trees. Mean daytime leaf-level


transpiration rates were compared among species using
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ANOVA for each of four seasons, spring (April–June),


summer (July–September), autumn (October–Decem-


ber), and winter (January–March). Zero values before
and after leaf-off were included in calculating mean EL


values for deciduous species in spring and autumn.


Mean seasonal EL values for individual trees and shrubs


were used as replicates (red maple, n¼3; sweet birch, n¼
7; rhododendron, n ¼ 6 and hemlock, n ¼ 16) in the


analysis. Tukey tests were performed to test for


significant differences between species pairs.


Data analysis


We used a Jarvis-type model to predict EL from


simultaneous effects of multiple climate variables, each
having specific relationships to transpiration that may


be either linear or nonlinear (Jarvis 1976, Granier and


Loustau 1994). We initially tested whether EL responded


to four independent environmental parameters (T, D,
PPFD, and SMD), and developed a best-fit predictive


model for each species and each parameter. To isolate


the effect of each environmental parameter on EL from
effects of other variables, we used only data when other


variables were not limiting to leaf gas exchange (Jarvis


1976). For example, to isolate the EL response to D, we


used only values when temperatures were 20–278C,
PPFD was .400 lmol photons�m�2�s�1, and SMD was


0.20–0.70. For rhododendron, relationships between EL


and D, T, and PPFD were tested against climate data
from both understory and open-field climate station


sensors. Temperature was first eliminated from the


analysis because, although it was a good predictor of


EL (e.g., R2 . 0.50), it was highly correlated with D. Soil
moisture deficit was also eliminated from the analysis


because, although relationships were statistically signif-


icant, no best-fit relationships between EL and SMD


explained more than 4% of the variation in EL. The lack
of effect of soil moisture on EL may be the result of the


landscape position of the plots used in the study,


because all sites were in riparian zones where soil
moisture deficit is less intense than in more mesic mid-


slope sites or xeric ridges. We used a linear equation in


the EL response to D (Eq. 3) for all species except sweet


birch, where we used a natural log equation. We used a
natural log equation for f in the EL response to PPFD


(Eq. 4) for all species:


EL ¼ b1 3 Dþ b2 ð2Þ


EL ¼ b3 3 lnðPPFDÞ þ b4: ð3Þ


Parameter estimates for equations relating EL to
single environmental variables (e.g., b1, b2) were


obtained using SigmaPlot (version 11.0, Systat, Chicago,


Illinois, USA). These parameter estimates for single-


factor regression models then served as ‘‘seed values’’
(i.e., they provided a starting point for the parameter


estimates during the iteration process) for fitting the


final model using a nonlinear mixed-model approach


with individual trees acting as replicates (Peek et al.


2002), as follows:


y ¼ f ðxij; b; uiÞ þ eij ð4Þ


where f is a function of: covariates (xij, e.g., D, PPFD)


for the jth observation (day) on the ith individual (tree


or shrub), fixed-effects parameters (b, e.g., species), and
an unknown vector of random effect parameters (ui ).


Random errors are unknown and denoted as eij. The ui
term was incorporated to account for repeated mea-


surements in time, and assumes that errors are not


independent. Combined models were fit using PROC


NLMIXED in SAS software (version 9, SAS Institute,


Cary, North Carolina, USA).We repeated this proce-


dure for each species and also developed a generic model


for all other deciduous species using data from sweet


birch and red maple (henceforth ‘‘generic’’), resulting in


a total of five models. Models for each species were


parameterized using data from April 2006–September


2008 minus validation data. The final model for red


maple, rhododendron, and the generic deciduous species


took the following form:


EL ¼ ðb1 3 Dþ b2Þ3½b3 3 lnðPPFDÞ þ b4�3 b7: ð5Þ


The final model for sweet birch took the form:


EL ¼ ½b1 3 lnðDÞ þ b2�3½b3 3 lnðPPFDÞ þ b4�3 b7:


ð6Þ


Validation data were selected systematically during the


early (mid-May), middle (early July), and late (early


September) growing seasons among all years and were


selected to represent the broadest range of both D and


PPFD values observed during those periods. For each


period, five consecutive days were selected for ;300 data


points. Observed and predicted values of EL were


compared using simple linear regression. Annual stand


Et was then determined by summing all EL values for


each species (during the growing season for deciduous


species, and during the entire year for rhododendron)


and scaling EL to stand Et using projected leaf area for


that species.


Model application


Species-specific response models were used to estimate


total stand Et from 2004–2011 and forecast potential


future Et through 2050. Equations for EL for red maple,


sweet birch, and rhododendron were used to estimate


water use of those species and the generic deciduous tree


species was used to estimate EL for the remaining


species. Mean values of D and PPFD, observed every 15


minutes from 2006–2008, were used as input for climate


for all years and only LAI varied through time. We used


allometric equations to estimate sapwood area and


projected leaf area from dbh. Although year-to-year


estimates of leaf area based on allometry can be coarse,


these estimates were not outside of the bounds of


variation in estimates of projected leaf area based on


litterfall collected in the same plots from 2004 to 2011
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(Nuckolls 2007, Knoepp et al. 2012; J. Knoepp,


unpublished data). To forecast changes in community


composition, we developed equations for each species to


predict future basal area, sapwood area, and projected


leaf area (Table 1) by fitting natural log functions to


changes in those parameters observed between 2007


(when hemlock mortality reached .50%) and 2011.


Based on the structure of nearby hardwood stands (S.


Brantley, unpublished data), we assumed that total stand
basal area would peak at ;50 cm2/m2, sapwood area


would peak at ;28 cm2/m2, and stand leaf area index
would peak at ;6.0 m2/m2. Annual stand Et for each


year was determined by integrating all EL values for
each species (during the growing season for deciduous


species, and during the entire year for rhododendron)
and scaling EL to stand Et using projected leaf area for
that species.


RESULTS


Climate


Annual precipitation was 1550 mm in 2006, 1212 mm
in 2007, and 1516 mm in 2008. These were 14%, 32%,


and 16% lower than the long-term mean of 1794 mm
recorded in the basin through 2011, and, consequently,


were all relatively dry years. Soil moisture deficit was
similar among years, averaging 0.51 (equivalent to


;25% volumetric water content) and reaching 1 (10%
volumetric water content) during August 2006 (Fig. 1).


Soil moisture deficit was generally highest during the
growing season and declined only with precipitation
events with .30 mm daily rainfall (Fig. 1), but this


response also depended on season and antecedent
precipitation. Midday, above-canopy PPFD ranged


from ;1300 to .2000 lmol photons�m�2�s�1 on clear
days, whereas midday below-canopy PPFD ranged from


11 to 332 lmol photons�m�2�s�1 (Fig. 1). Daily
cumulative above-canopy PPFD peaked in early June.


Understory PPFD peaked in early to mid-April before
canopy leaf development, and rapidly declined after


canopy budbreak (Fig. 1). Midday temperatures were
4.78C lower, on average, in the understory than in the


open. Vapor pressure deficit varied from 0 to 3.99 kPa
and was tightly coupled with temperature. Vapor


pressure deficit approached zero most mornings and
was lower, on average, beneath the canopy by 0.56 kPa.


Stand composition and structure


Over the course of the study period, hemlock
mortality was nearly complete and a mix of red maple,
yellow poplar, sweet birch, and rhododendron had


positively responded across all plots (Table 1). In
2004, hemlock represented 61% of the basal area, 64%
of the sapwood area, and 55% of the leaf area in the four
intensively monitored hemlock plots. By 2011, live


hemlock basal area, sapwood area, and projected leaf
area had been reduced .99%. Only three small live trees


remained in 2011 and those had a very sparse green
canopy because new leaf cohorts had not been produced


since 2005 (Nuckolls 2007). In the same period, basal
area for red maple increased 22%, sweet birch increased


24%, rhododendron increased 6%, and yellow poplar
increased 27%. As a group, other species had declined in


basal area by 11%, primarily due to mortality of a few
large trees. As of December 2011, sweet birch had the


highest basal area (21.0%), followed by rhododendron


TABLE 1. Observed (2004 and 2011) and forecasted (2020–
2050) basal area (BA), sapwood area (SWA), and leaf area
index (LAI) for red maple, sweet birch, rhododendron,
eastern hemlock, and all other species in plots during the
course of hemlock loss and replacement by deciduous
species.


Species
and year BA (cm2/m2) SWA (cm2/m2) LAI (m2/m2)


Red maple


2004 0.59 0.46 0.13
2011 0.75 0.56 0.16
2020 1.28 1.00 0.21
2030 1.44 1.14 0.23
2040 1.55 1.23 0.24
2050 1.63 1.30 0.24


Sweet birch


2004 3.73 2.39 0.73
2011 4.88 3.13 0.97
2020 8.44 6.03 1.26
2030 9.50 6.85 1.34
2040 10.19 7.37 1.40
2050 10.69 7.76 1.44


Rhododendron


2004 4.56 2.11 0.80
2011 4.82 2.40 0.86
2020 8.37 4.38 1.11
2030 9.39 4.97 1.19
2040 10.06 5.35 1.23
2050 10.55 5.63 1.27


Hemlock


2004 31.28 18.06 4.41
2011 0 0 0
2020 0 0 0
2030 0 0 0
2040 0 0 0
2050 0 0 0


Other


2004 12.34 5.08 2.17
2011 12.06 5.04 1.96
2020 21.10 9.23 2.55
2030 23.52 10.41 2.71
2040 25.08 11.18 2.82
2050 26.24 11.74 2.90


Total


2004 52.50 28.03 7.98
2011 22.52 15.55 3.94
2020 39.19 20.65 5.13
2030 43.86 23.37 5.46
2040 46.87 25.12 5.69
2050 49.10 26.43 5.85


Notes: SWA and LAI values in 2004 and 2011 are based on
allometric relationships of sapwood area and projected leaf
area to diameter at breast height (1.37 m) on a healthy tree.
Forecasted BA, SWA, and LAI values are based on a natural
log model fitted to observed increases in tree growth after
2007, and were assumed to peak at a stand maximum of 50.0
cm2/m2 (BA), 28 cm2/m2 (SWA), and 6.0 m2/m2 (LAI), based
on survey data from nearby deciduous forest plots.
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(20.7%) and yellow poplar (17.8% basal area). The


remaining basal area was represented by a mix of


hardwood and evergreen species, with red maple (4%
basal area) as the only other species occurring in all


study plots.


Transpiration rates


Our first goal was to determine if the deciduous


species replacing hemlock had higher EL rates than


hemlock during the growing season. We hypothesized


that A. rubrum and B. lenta would have higher


transpiration rates, with R. maximum having similar


rates to T. canadensis ; this hypothesis was supported by


our sap flux measurements. Measured EL (mmol


H2O�m�2�s�1) varied significantly among species during


spring, summer, and autumn (all P , 0.001), but did not


vary between hemlock and rhododendron during winter


(P¼0.882) (Fig. 2). Mean daytime EL in summer ranged


from 0.110 mmol H2O�m�2�s�1 for eastern hemlock prior


to infestation (i.e., 2004–2005) to 0.605 mmol


H2O�m�2�s�1 for sweet birch. Sweet birch EL was


significantly higher than all other species in all seasons


except winter, whereas red maple EL was significantly


higher than hemlock during spring and summer (Fig. 2).


Mean EL for rhododendron and hemlock did not differ


significantly during any period (Fig. 2). For example,


mean EL values during autumn and winter for rhodo-


dendron were 0.095 and 0.101 mmol H2O�m�2�s�1,
respectively, compared to 0.095 and 0.097 mmol


H2O�m�2�s�1 for hemlock.


Leaf-level transpiration was significantly related to


measured climate variables (Fig. 3). Open-field D was


the best single predictor of EL for all canopy species


(Fig. 3). Relationships between rhododendron EL and D


were marginally better using understory D (R2¼ 0.70 vs.


R2 ¼ 0.65); however, open-field climate data were used


to construct the model so that future modeling can use


data from the climate station. Light was the second-best


predictor of EL (Fig. 3). Open-field PPFD was better at


predicting EL in rhododendron than was understory


PPFD (R2 ¼ 0.31 and 0.20, respectively); thus, above-


canopy PPFD was used in the models for all three


species. As a result of the variations in transpiration


rates and species-dependent responses to environmental


factors, each species required a unique model to estimate


EL from D and PPFD (Tables 2 and 3). We were able to


predict .80% of variation in EL for all species (Fig. 4,


Table 3). Relationships between modeled and observed


data were close to 1:1; and when validation EL data were


integrated over time, there was ,2% difference between


observed and predicted EL for all species (Fig. 4, Table


3).


Our second goal was to determine the potential


changes in annual and seasonal patterns of Et from


eastern hemlock loss. Although hemlock had conserva-


tive rates of EL, it was still the largest contributor to


annual stand Et before HWA infestation. Integrating EL


over an entire year and scaling the contribution of each


species using stand-level LAI values from 2004–2006,


observed annual stand Et for 2004–2006 was 633 6 9


mm (mean 6 SE; Fig. 5). Annual stand Et declined to


494 mm by 2011 due to hemlock mortality (Fig. 5).


Hemlock was the largest single component of Et for


these stands, with 164 mm/yr, or 25.9% of the total


stand Et prior to infestation. Sweet birch comprised


much less leaf area than hemlock (Table 1), but it


accounted for 143 mm/yr (23.1%) of total stand Et. The


rhododendron component accounted for 59.7 mm/yr


(9.6%), and red maple accounted for 7.9 mm/yr (1.3%).


For these stands, species rank of annual water use from


2004–2006, from highest to lowest, was hemlock .


sweet birch . rhododendron . red maple. Other species


contributed 240.2 mm/yr (38.8%) to total Et. Autumn


and winter Et together represented 18.6% of annual Et


and ;60% of that was from hemlock. The contribution


of hemlock to total winter Et was 39.6 mm/yr, or 74% of


53.3 mm/yr, with the remainder of winter Et coming


from rhododendron. A similar pattern was observed in


autumn: hemlock contributed 32.2 mm/yr, or 52% of Et,


rhododendron contributed 15.8 mm/yr, and deciduous


species contributed 14.1 mm/yr of the total autumn Et of


62.1 mm/yr. Winter Et had declined to 13.7 mm/yr by


FIG. 2. Leaf-level transpiration rates, EL (mean 6 SE), for
each species by season: ACRU, Acer rubrum; BELE, Betula
lenta; RHMA, Rhododendron maximum; and TSCA, Tsuga
canadensis. Mean values for deciduous species (A. rubrum and
B. lenta) include days for spring (before bud burst) and autumn
(after leaf-off ) when EL was zero. Significant differences (P ,
0.05) among species during each season are noted by different
lowercase letters.
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FIG. 3. Observed responses of transpiration per unit leaf area (EL) to individual climate parameters under non-limiting
conditions to all other climate variables for Tsuga canadensis (eastern hemlock), Acer rubrum (red maple), Betula lenta (sweet
birch), and Rhododendron maximum (rhododendron). Best-fit regression lines are shown for either linear or natural log functions.


TABLE 2. Model coefficients and coefficients of determination (R2) for relationships between transpiration per unit leaf area (EL)
and single environmental variables (air vapor pressure deficit, D; photosynthetic photon flux density, PPFD; and soil moisture
deficit, SMD) for four species and a generic deciduous tree species.


Species b1 b2 R2 b3 b4 R2 b5 b6 R2


Hemlock 0.1224 0.0083 0.5825 0.1457 �0.8645 0.162 0.0327 0.2370 0.001
Red maple 0.1589 0.3613 0.396 0.0524 0.3257 0.152 �0.0705 0.6868 0.018
Sweet birch 0.5048 1.645 0.656 0.1054 1.1009 0.115 0.1803 1.8875 0.027
Rhododendron 0.1545 0.1436 0.659 0.0532 0.0784 0.311 �0.0196 0.4494 0.002
Generic tree sp. 0.3364 0.7104 0.088 0.0962 1.1624 0.100


Notes: Equations are EL¼b13Dþb2 (for red maple, rhododendron, and the generic species) or EL¼b13 ln Dþb2 (for sweet
birch), EL¼b33 ln PPFDþb4 (for all species), and EL¼b53SMDþb6 (for all species), where EL is mmol H2O�m�2�s�1, D is kPa,
PPFD is lmol photons�m�2�s�1, and SMD is fractional. Model coefficients were used as ‘‘seed values’’ (providing a starting point
for parameter estimates during the iteration) for final model parameterization, which incorporated only D and PPFD; SMD was
not used due to low R2 values. The relationship between EL and SMD was not tested for the generic species.
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2011 due to hemlock loss (Fig. 5). This represented a


change from 8.6% of total annual Et to only 2.8% of


annual Et. Similarly, autumn Et (October–December)


declined to 32.9 mm/yr, 53% of pre-HWA levels, by


2011.


Model applications


Results of our simulations suggest that annual Et is


expected to recover to pre-infestation levels due to


replacement by deciduous species, but winter and


autumn Et will remain suppressed throughout the


simulation period due to a relatively weak response by


rhododendron (Fig. 5). Under current averages for


PPFD and D, forecasted increases in LAI result in


annual stand Et recovering to 2004 values (i.e., pre-


infestation) by ;2020. By 2050, Et is projected to reach


706 mm/yr under current climatic conditions, which is a


12% increase in Et over pre-HWA levels and represents


;40% of current annual precipitation. However, winter


Et does not recover to 2004 levels. Simulated winter Et


reaches only 20.1 mm/yr (38% of 2004 values) by 2050,


and is projected to represent only 2.8% of total annual


Et by that time. Similarly, autumn Et only recovers to


45.0 mm/yr (;73% of pre-HWA Et) by 2050. Rhodo-


dendron is forecasted to represent nearly 100% of winter


Et and 44% of autumn Et by 2050; thus, rhododendron


may have an important role in affecting seasonal


patterns of Et, but rhododendron LAI in these stands


TABLE 3. Coefficient estimates (6SE) for a nonlinear mixed model using D and PPFD to predict EL and results of comparisons
between observed and predicted EL values.


Species b1 b2 b3 b4 b7 R2 Error


Hemlock 0.7503a (0.0324) 0.1224a (0.0023) 0.0229a (0.0012) �0.0534a (0.0047) 1.4523a (0.1343) 0.817 þ0.4%
Red maple 1.0973b (0.0085) 0.2228b (0.0027) 0.3613b (0.0042) 0.0133b (0.0011) 0.5957b (0.0353) 0.818 �1.7%
Sweet birch 0.3253c (0.0016) 0.3362c (0.0012) 2.4084c (0.0036) 0.0788c (0.0015) 1.5357a (0.0418) 0.812 þ1.3%
Rhododendron 0.4780d (0.0044) 0.1075d (0.0006) 0.7012d (0.0024) 0.0462d (0.0012) 0.5687b (0.0227) 0.822 �0.3%
Generic tree sp. 0.6245e (0.0068) 0.3516e (0.0063) 0.7104d (0.0165) 0.0327e (0.0029) 1.1624c (0.0409)


Note: The model took the form: EL¼ (b13Dþb2)3 (b33 ln PPFDþb4)3b7, where EL is in units of mmol H2O�m�2�s�1, D is
in units of kPa, and PPFD is in units of lmol photons�m�2�s�1. Significant differences (P , 0.05) in the coefficients among species
are noted with superscript letters within a column. Values for R2 are the result of comparisons between observed EL and EL


predicted by the model for each species. Percentage error is the difference between observed EL and EL predicted by the model over
the entire study period. For the generic species, no comparison could be made between observed and predicted values.


FIG. 4. Comparison of observed (solid black line) and predicted (dashed gray line) leaf-level transpiration (EL) for spring,
summer, and autumn validation periods during 2006 for A. rubrum, B. lenta, and R. maximum. R2 values indicate results of a best-
fit linear regression for the period shown.
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was not stimulated enough to compensate for the large


reduction in LAI from hemlock loss.


DISCUSSION


Measured transpiration rates varied significantly


among hemlock, sweet birch, red maple, and rhododen-


dron for all time scales measured. Sweet birch, in


particular, had a much higher daily and instantaneous


EL than red maple, rhododendron, or hemlock. Al-


though hemlock demonstrated a very conservative EL


compared to other species, it represented about one-


fourth of stand Et prior to HWA infestation because it


contributed so greatly to stand basal area and the


evergreen leaf phenology allowed year-round transpira-


tion. As a result, stand Et declined sharply as hemlock


mortality progressed from 2004 to 2011, particularly in


2007 when hemlock mortality accelerated, and again in


2011 when mortality in the study plots neared 100%. As


a result of hemlock mortality, the percentage of annual


precipitation that was accounted for by Et declined from


;35% prior to hemlock infestation to ;28% after


hemlock loss. The decline in annual Et is expected to be


temporary, and annual Et will probably increase above


pre-HWA levels as hemlock is replaced by species with


less conservative EL rates.


Future changes in annual forest Et in these stands will


depend heavily on the species composition of the


community that replaces hemlock. Although it is


difficult to predict species composition of these stands


in the next 40–50 years accurately, several species,


especially rhododendron, sweet birch, and yellow


poplar, showed large, positive growth responses to


hemlock mortality, particularly after 2007. Enhanced


growth relative to undisturbed sites was probably a


result of changes in light in the lower canopy, which


increased immediately after hemlock canopy loss (Ford


et al. 2012). Other factors, including soil moisture and


soil nutrient pools, did not respond in the years


immediately after hemlock infestation and are less likely


to have had an impact on species responses (Ford et al.


2012, Knoepp et al. 2012). Existing sweet birch trees


demonstrated a particularly strong positive growth


response to hemlock loss, which is not surprising


considering that this species is known to take advantage


of light gaps common with canopy disturbances (Ward


and Stephens 1996, Carlton and Bazaaz 1998).


As a result of the rapid growth response of co-


occurring species, and changes in Et from replacement


by species with less conservative EL, our results suggest


that annual Et will recover from hemlock loss by around


2020. Perhaps of more interest is that beyond 2020, loss


of hemlock may result in a substantial increase in forest


Et, compared to pre-HWA levels. Several authors have


suggested that a transition from hemlock to deciduous


species in New England hemlock stands will stimulate


annual forest Et (Catovsky et al. 2002, Daley et al. 2007,


Hadley et al. 2008). Daley et al. (2007) specifically noted


an increase in Et after replacement of hemlock with


sweet birch, the dominant response in New England


hemlock stands (Ellison et al. 2005). Unlike the stands in


Massachusetts studied by Daley et al. (2007), sweet


birch is near the southern end of its range at our study


site. In the southern Appalachians, sweet birch leafs out


in early spring, is subject to a longer growing season,


and experiences higher summer temperatures than sweet


birch in the northeastern United States. Therefore, the


stimulation in Et resulting from an increase in sweet


birch leaf area and sapwood area in the southern


Appalachians may be even more pronounced than in the


northeastern United States, and this could lead to a


much greater effect on growing-season soil moisture and


stream discharge.


Assuming that growth response of existing trees


continues on the current trajectory, sweet birch and


rhododendron are likely to be the largest contributors to


stand Et in the future, with red maple and yellow poplar


as other major contributors. Although yellow poplar EL


was not measured in the current study, it may also


become a large contributor to stand Et in future because


it has relatively high EL rates, very similar to those of


sweet birch (Ford et al. 2011b; S. Brantley, unpublished


data). On the other hand, the future contribution of red


maple to stand Et may be limited by lack of new


FIG. 5. Observed (2004–2011, solid circles) and forecasted
(2020–2050, open circles) stand-level Et for intensive hemlock
plots infested with hemlock woolly adelgid in 2004. Annual,
winter (January–March), and autumn (October–December) Et


are shown.
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recruitment because of suppression by rhododendron.


Although red maple is the single most common tree in


low-elevation sites in our study area (Elliott and Swank


2008), is present in all plots in this study, and its growth


responded positively to hemlock loss (Ford et al. 2012),


it did not represent a large proportion of leaf area in


these stands before HWA infestation. Because rhodo-


dendron suppresses tree seedling recruitment in the


southern Appalachians (Clinton and Vose 1996, Lei et


al. 2002), the prevalence of rhododendron could lessen


the potential future contribution of tree species, such as


A. rubrum, that do not already represent a substantial


component of leaf area in these stands.


Stimulation of Et through replacement with species


such as B. lenta and L. tulipifera might also change the


relationship between Et and soil moisture. Although all


species responded strongly to D, with PPFD serving as a


secondary predictor of EL, soil moisture deficit did not


enhance our ability to predict EL in any of the species.


Soil moisture deficit was seemingly not important for


these trees over our study period, even in the three


relatively dry years during the course of sap flux density


measurements, with 2007 being particularly dry. The


lack of response may be primarily a result of the


landscape position. All of these plots were located in


riparian areas with convergent topography; and while


soil moisture deficit reached 1 in the growing season,


mean seasonal soil moisture never fell below 20%


(volume/volume) in these stands (Ford et al. 2012).


Rhododendron would most likely be the first species


affected by drier soils because of shallow roots, but


rhododendron is also most likely to be found streamside


(Narayanaraj et al. 2009).


Although annual Et is predicted to recover from


hemlock mortality in ;10 years, seasonal patterns of Et


are predicted to be altered permanently compared to


hemlock-dominated stands because the species expected


to replace hemlock are primarily deciduous. Unlike


hemlock and rhododendron, water use by sweet birch,


yellow poplar, and red maple is limited by leaf


phenology. Recovery of autumn and winter Et from


replacement by rhododendron, which has seasonal


patterns of EL most similar to hemlock, appeared


unlikely. Although rhododendron winter EL rates were


higher than hemlock, and rhododendron growth re-


sponded positively to canopy loss, the increase in


rhododendron leaf area was relatively small compared


to the leaf area lost from hemlock mortality. Replace-


ment of hemlock with deciduous species means that


stand LAI is likely to reach a maximum sustainable level


well below LAI values observed before HWA infesta-


tion. Typically, deciduous stands in the Coweeta basin


reach a maximum LAI of ;6 compared the 8–10


observed in hemlock stands (Vose et al. 1995, Ford et al.


2011b). The lack of leaf area stimulation resulted in a


relatively slow increase in the role of rhododendron in


annual forest Et, and rhododendron is unlikely to serve


as a functional replacement for hemlock in autumn and


winter.


Although rhododendron will not replace hemlock


functionally under current climate conditions, the


relative importance of rhododendron, and other ever-


greens, to forest Et may increase in the future as a result


of warming, especially in winter. Mean annual temper-


ature has increased in the Coweeta basin ;0.58C per


decade since the early 1980s (Laseter et al. 2012), and is


expected to continue to increase in the future (IPCC


2007). The effects of warming on forest evaporative


demand are complex, often depending on interactions


with other factors such as CO2 enrichment (Medlyn et


al. 2001, Katul et al. 2009, Warren et al. 2011), changes


in phenology, and increased drought frequency. For


example, evergreen species with sclerophyllous leaves,


such as rhododendron, probably will benefit more from


increasing CO2 than will deciduous species or species


with non-complex leaf venations, due to effects on


mesophyll conductance (Niinemets et al. 2009). As a


consequence, results to date regarding the effects of


climate change on forest Et are mixed and often


contradictory (Labat et al. 2004, Walter et al. 2004,


Hänninen and Tanino 2011). For rhododendron specif-


ically, the effects of warmer temperatures in winter may


include an increase in stomatal conductance and reduced


leaf damage (Hall 2008, Russell et al. 2009). Direct


effects of future increases in D may also stimulate winter


Et, but much of this depends on how humidity responds


to warming. Specific humidity is expected to increase as


temperature increases (Allen and Ingram 2002, Held and


Soden 2006), but if temperatures increase without


concurrent increases in specific humidity, greater D


values during winter could stimulate Et in evergreens


and increase water use during winter.


Applications


Hemlock is heavily concentrated in riparian areas,


where it may represent .50% of basal area. Areas that


lose hemlock may demand active management strategies


if restoration of stand-level transpiration is desirable.


Historically, the widespread loss of a species as


important as eastern hemlock has not occurred in the


southern Appalachians since Cryphonectria parasitica


(Murrill) Barr eradicated populations of American


chestnut, Castanea dentata (Marsh.) Borkh. (Fagaceae),


in the 1930s. Chestnut represented .30% of basal area


in southern Appalachian forests before the chestnut


blight pandemic. Although hemlock represents a much


smaller percentage of basal area (;5%) across the entire


landscape (Elliott and Swank 2008), hemlock is the


dominant canopy tree in many riparian forests and plays


an important role in regulating winter stream discharge


(Ford and Vose 2007). Furthermore, increased annual


water use from replacement with deciduous species is


likely to reduce stream discharge during the late growing


season; flow in some smaller streams may not be


sustainable in birch-dominated stands (Daley et al.
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2007). Although data are currently incomplete, moni-


toring HWA-mediated changes in discharge in the


Coweeta basin will be an area of high interest in the


future. To restore pre-HWA hydrologic function,


restoration with eastern hemlock would be ideal if


resistant varieties could be found and planted on a


widespread basis. Otherwise, replacement of hemlock


with other evergreen tree species that imitate the


structure and function of hemlock would be advisable.


In addition to the changes in Et described in the current


study, eastern hemlock loss probably will also alter


canopy interception, especially in winter; replacement


with another evergreen that has similar interception


rates might be desirable. Care must be taken, however,


with selection of species used to mitigate functional


changes resulting from hemlock mortality. Pinus strobus


(eastern white pine), for instance, has been suggested as


a functional replacement for hemlock (Jonas et al. 2012)


because it is an evergreen that can also sustain high LAI


values similar to those observed in pre-HWA hemlock


stands (Ford et al. 2011a) and provide shade and year-


round evergreen cover. However, eastern white pine has


a much less conservative instantaneous EL and greater


annual Et than hemlock (Ford et al. 2011a); and


although winter Et patterns after replacement of


hemlock with eastern white pine would more closely


resemble pre-HWA Et in hemlock stands, it might result


in long-term increases in annual Et.


Although hemlock is a relatively small component of


the entire low-elevation southern Appalachian forest, it


is densely concentrated in riparian and cove habitats and


its local influence on microclimate, community compo-


sition, and nutrient cycling due to high LAI of hemlock


stands is substantial. In addition to moderating stream


discharge, hemlock stands are known for their cool,


dark microclimates that contrast with surrounding


forests (Orwig et al. 2012). The conservative EL of


hemlock probably contributed to the ability of these


stands to maintain high LAI values that limited light


penetration and contributed to this unique climate. As


hemlock is replaced by species with higher EL, a


permanent reduction in leaf area will also lead to


increases in understory light and soil temperature,


decreases in litter layer moisture, and accelerated


decomposition (Cobb et al. 2006, Spaulding and Rieske


2010, Orwig et al. 2012). These changes will eventually


eliminate a unique habitat and increase landscape-level


forest homogeneity. These factors will affect ecosystem


function beneath dead and decaying eastern hemlock for


decades to come, and will have important implications


for riparian habitats beyond effects on stream discharge.
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SUPPLEMENTAL MATERIAL


Appendix


A figure displaying species-specific leaf area data used in the calculation of leaf-level transpiration (Ecological Archives
A023-039-A1).


STEVEN BRANTLEY ET AL.790 Ecological Applications
Vol. 23, No. 4



http://www.esapubs.org/archive/appl/A023/039/

http://www.esapubs.org/archive/appl/A023/039/





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00333
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00333
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00083
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [612.000 792.000]
>> setpagedevice






Grandfather CFLR Fire Effects Monitoring – 2018 
Update 


Forest Stewards and Western Carolina University 
December 4, 2018 


 
In 2018, or fire effects monitoring efforts in the Grandfather CFLR focused on (1) exploring mountain 
laurel response following different numbers of burns, and (2) documenting herbaceous species 
composition and wildlife use in areas with different canopy conditions (open, closed and gaps). Our 
approach for both projects is described below, though at this point we are still working on data 
analysis. 
 
Mountain laurel response to multiple prescribed burns 
A common question from fire managers relates to whether repeated burning will lead to a reduction in 
the growth and resprouting of mountain laurel.  To examine this question, we sampled mountain laurel 
resprouting in the Lake James burn unit (burned twice) and the Wilson Creek burn unit (burned 5 
times).  We used a point quarter sampling method where we measured the distance, maximum height, 
and area of the closest mountain laurel to plot center in each quadrant (NE, SE, SW, and NW).  We 
sampled all plots in each burn unit (Maps 1 and 2), and will use these data to quantify mountain laurel 
density and vigor in each burn unit. 
 
Herbaceous condition and wildlife use under open canopy versus closed canopy versus canopy 
gaps in the Wilson Creek burn unit  
Based on field investigations in 2017, we identified 3 classes of stand openness as described below. 
 
1. Open Canopy. This occurs where nearly the entire overstory has been removed except for a few 


remnant trees. This condition is most prominent in the southern portion of the burn unit. We note 
that this condition may reflect varying disturbances, including prescribed burning, logging, and/or 
pine beetle infestation. 
 


2. Canopy gaps. Gaps that exist within an otherwise continuous matrix of relatively closed canopy. 
Gaps typically range in size from about 0.1 ac to 0.3 ac. This condition is most prominent in the 
central portion of the burn unit, and we suspect gaps were likely caused by prescribed burning. 


 
3. Closed canopy. This condition is characterized by a relatively intact overstory, though there is 


evidence of a degrading overstory that suggests the canopy will continue to become more open in 
the coming years. This condition is most prominent in the northern most portion of the burn unit. 
We suspect prescribed burning is the primary factor contributing to the overstory mortality that is 
occurring. 


 
In 2017 we established 5, 1/10th FLN-type plots in areas with open canopy (Plots 1 through 5, Map 1), 
10 plots canopy gaps (Plots 6 through 15, Map 1) and 5 plots in areas with closed canopy (Plots 16 
through 20, Map 1). In 2018 we collected additional data to better understand herbaceous condition 
and wildlife use. 
 
Herbaceous sampling: We performed detailed botanical inventories in 5 plots representing each 
canopy class (Plots 1-5, 11-15, and 16-20). A complete botanical census war performed for a 10m x 
10m square within each plot using protocols adapted from the Carolina Vegetation Survey. 
 
Wildlife activity: We surveyed wildlife activity using paired cameras at 2 points within each canopy 
class and an additional 2 points located outside of the burn unit (Map 3). The camera trap survey was 
conducted during July, August, and Sept. 2018. 







  


 
MAP 1 Wilson Creek Burn Unit plot locations   







 MAP 2 Lake James Burn Unit plot locations 
 
 
 
 







 


MAP 3 Wilson Creek Burn Unit wildlife camera plot locations 
 
 
 







Appendix I 
Selected pictures taken during 2018 Grandfather CFLR data collection and wildlife camera trapping 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


 
 







 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 







 


 


 
 
 







 


 
 
 







 


 


 







 


 








Grandfather CFLR Fire Effects Monitoring – 2019 
Update 


Forest Stewards and Western Carolina University1 
November 27, 2019 


 
Introduction: Forest Stewards and Western Carolina University have been monitoring prescribed fire 
effects at several locations on the Grandfather Ranger District since 2010.  Our overall monitoring goals 
are to assess the degree to which prescribed burning is achieving management goals related to overstory 
structure, forest regeneration, herbaceous layer vegetation, and fuels.  In addition, we have incorporated 
supplemental investigations designed to quantify botanical characteristics and wildlife use.  This report 
provides a summary of monitoring activities conducted to date, identifies broad trends that will be 
explored further in our final report (due summer 2020), and expands on our recent efforts to examine 
relationships between canopy openness and other stand variables. 
 
Overview of monitoring activities:  The bulk of our data are collected from permanent plots established 
in and around prescribed burn units.  The data described below are collected in each plot.  On some sites, 
we have supplemented these with additional data as described for each burn unit. 
 
 Overstory (1/10-acre plot): Species, diameter, crown class, and condition of trees > 2 inches dbh 
 Tree regeneration (1/50-acre subplot): Species, height, and origin (single stem or sprout) of 


regeneration < 2 inches dbh and > 1 foot tall 
 Vegetative life forms (1/50-acre subplot): Percent cover of vegetative life forms in the herbaceous 


layer (below 6 ft) 
 Fuels (Brown’s transects): Litter thickness, duff thickness, and 1, 10, 100, and 1000-hr fuels 
 
We are currently working in three prescribed burn units located on the Grandfather Ranger District.  We 
refer to these as Lake James, Wilson Creek, and Blue Gravel (Map 1).  Monitoring activities conducted at 
each burn unit are discussed in the following sections. 
 
Lake James burn unit (Map 2): This burn unit is one of 16 demonstration burn units used by the 
Southern Blue Ridge Fire Learning Network.  Monitoring in this burn unit is designed to track fire-effects 
following multiple prescribed burns.  Twenty monitoring plots were established in and around this unit in 
2010, prior to the first prescribed burn.  Those plots were re-measured following prescribed burns 
conducted in March 2011 and January 2015. 
 
In the summer of 2018, we initiated a new project to assess sprouting vigor of mountain laurel following 
repeated burning.  Mountain laurel density and crown characteristics were measured in all plots using the 
point-quarter sampling procedure. 
 
In 2019, we initiated an effort to better quantify canopy openness within burn units.  As part of this effort, 
we measured canopy openness at selected plots using a spherical densiometer. 
 
Wilson Creek burn unit (Map 3): This is one of several burn units located on the Grandfather Ranger 
District that have been burned multiple times during the past several decades.  It is believed that this unit 
has been burned 5 times since 1988 and was the last burn in 2014.  There is a sense among resource 
managers that some portions of this burn unit are now approaching a desired forest condition.  To better 
quantify this condition, a series of permanent plots were established in the Wilson Creek unit in 2016 and 
2017.  Our goal is to provide useful metrics to assist in quantifying fire management goals. 
 


                                                 
1 We gratefully acknowledge the contributions of Ed Schwartzman to the botanical portions of this report and Aimee Rockhill 
to the wildlife portions. 







During a field visit to the Wilson Creek burn unit in the summer of 2017 (Appendix I) it was noted that 
past fire behavior was at least partially responsible for creating a mosaic of canopy conditions (open to 
closed) that might significantly impact other stand characteristics.  This field visit also made it clear that 
conducting detailed botanical inventories would provide useful information regarding fire effects and 
restoration goals.  To better monitor the effects of canopy openness, we established additional plots in 
areas representing different canopy conditions as described below. 
 
 Open canopy (5 plots): This occurs where nearly the entire overstory has been removed except for a 


few remnant trees. This condition is most prominent in the southern portion of the burn unit. We note 
this condition may reflect varying disturbances, including prescribed burning, logging, and/or pine 
beetle infestation. 
 


 Canopy gap (10 plots):  Gaps that exist within an otherwise continuous matrix of relatively closed 
canopy. Gaps typically range in size from about 0.1 ac to 0.3 ac. This condition is most prominent in 
the central portion of the burn unit, and we suspect gaps were likely caused by prescribed burning. 


 
 Closed canopy (5 plots):  This condition is characterized by a relatively intact overstory, though there 


is evidence of a degrading overstory that suggests the canopy will continue to become more open in 
the coming years. This condition is most prominent in the northern most portion of the burn unit. We 
suspect prescribed burning is the primary factor contributing to the overstory mortality that is 
occurring. 


 
 Unburned (2 plots) plots installed outside of the burn unit in a closed, dense forest. 
 
In the summer of 2018, we supplemented our basic plot data with the following: 
 
1. Detailed botanical inventory: We conducted detailed botanical inventories in 3 plots for each canopy 


class inside the burn unit (Open canopy, Canopy Gap, and Closed canopy).  In addition to providing 
more comprehensive data on species composition, we are also interested in quantifying the presence 
of fire adapted species. 


2. Wildlife use: We installed paired, wildlife cameras in two plots for each canopy class in the burn unit, 
and in the two unburned plots to assess whether wildlife use patterns varied in these areas. 


3. Mountain laurel sprouting vigor: We measured mountain laurel density and crown characteristics in 
all plots using the point-quarter sampling procedure. 


 
In the summer of 2019 we measured canopy openness with a spherical densitometer at each plot. 
 
Blue Gravel burn unit (Map 4):  The summer of 2019 is the first time we monitored conditions in the 
Blue Gravel burn unit.  Like the Wilson Creek burn unit, Blue Gravel has been burned multiple times in 
the past several decades and it appears that at least some portions of this burn unit are approaching a 
desired condition.  In 2019, we established 10, standard, fire-effects monitoring plots in the Blue Gravel 
unit to better stand conditions in a unit that has been burned multiple times.  To supplement those data, we 
also collected the following: 
 
1. Detailed botanical inventory: We conducted detailed botanical inventories in all plots to provide more 


comprehensive data on species composition and assess the presence of fire adapted species. 
2. Mountain laurel sprouting vigor: We measured mountain laurel density and crown characteristics in 


all plots using the point-quarter sampling procedure. 
3. Canopy openness: We measured canopy openness with a spherical densitometer at all plots. 
 
 







Initial trends: We continue to accumulate fire-effects data, and cannot report final results until those 
analyses are complete.  However, we have observed several strong trends that will likely be borne out 
following final analyses.  These include: 
 
 Fire-effects are not uniform throughout burn units, but instead create a mosaic of forest conditions that 


vary in overstory density and structure, forest regeneration, shrub and herbaceous vegetation, and 
fuels.  This mosaic is likely attributed to interactions between prescribed fire and variations in pre-
burn stand condition attributed to previous disturbances and soil/site properties. 
 


 Prescribed fire reduces overstory density with most mortality occurring in smaller diameter stems.  
Increasingly larger stems are reduced by subsequent burns.  There may also be lag-effect whereby 
some larger stems will not die until several years after the fire. 


 
 Some overstory species may be more sensitive to fire than others, though this is difficult to tease out 


due to correlations between species and size class. 
 


 Forest regeneration density generally increases for several years following burning.  Species capable 
of sprouting that are present prior to a burn tend to increase the greatest.  Non-sprouting regeneration 
present prior to a burn tend to be most reduced. 


 
 Fire effectively top kills mountain laurel immediately reducing its height and percent cover.  


However, mountain laurel can resprout vigorously and create a dense canopy around the original base 
of the plant several years after a fire.  It appears it will take more than several years for mountain 
laurel to regain its original height. 
 


 Litter and duff thickness appear to be reduced by burning.  In the absence of subsequent burning, litter 
may return to its preburn thickness more quickly than duff depending on the amount of overstory. At 
this point we cannot comment on woody fuels. 
 


 Variations in canopy openness following fire appear to be related to other fire effects, and monitoring 
that variable will likely be important going forward.  Examples of those relationships are presented 
below: 


 
Summary of the relationship between canopy openness and other variables:  The following data 
summarize relationships between various stand attributes and forest canopy openness in and adjacent to 
the Wilson Creek burn unit. 
 
Canopy openness classes:  Four canopy openness classes were used in these analyses.  Three classes were 
found inside the burn unit (Open, Gap, and Closed) and the fourth was located outside the burn unit 
(Unburned – a dense, closed forest).  Each class is described in more detail under the Wilson Creek burn 
unit discussion, above.  They are referenced in the following figures and tables as follows: 
 
1_BO: Burn unit/Open  N=5 plots 
2_BG: Burn unit/Gap N=10 plots 
3_BC: Burn unit/Closed  N=5 plots 
4_UB: Unburned N=2 plots 
 
As would be expected, overstory characteristics were highly correlated with canopy openness classes with 
both trees/ac and BA/ac declining as canopies became more open.  However, it appears that there may be 
correlations between canopy class and other stand attributes. Initial results suggest that bare ground cover 
decreases with canopy openness with more open canopies have greater herb and shrub cover than closed 
canopies.  Grass-like cover is low throughout, though it too may be higher in areas with more open 







canopies. Mountain laurel cover and height is greatly reduced within the burn unit relative to outside the 
burn unit, but it may not be affected by canopy openness within the burn unit.  Our supplemental 
investigations revealed that both botanical composition and wildlife use may also be correlated with 
canopy openness. 
 
Overstory characteristics (all live trees > 2 inches dbh): Mean and standard deviation of basal area/acre 
and trees/acre by canopy class. 
 


 
Understory characteristics: Mean percent cover and standard deviation of bare ground, grasses, herbs, and 
deciduous shrubs for different canopy classes. 
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Mountain laurel characteristics: Mean and standard deviation of mountain laurel percent cover and height 
for different canopy classes. 


 
Botanical assessment: 


Total herb layer cover differed significantly between the canopy openness classes, with burned/open 
and burned/gap conditions having the greatest total cover. Relative cover of fire-adapted herbs also 
differed significantly, and the burned/open canopy class had greatest relative cover of fire-adapted 
species of the four condition classes. Relative cover of fire-intolerant species also differed significantly 
with the burned/closed and unburned classes having the greatest relative cover of fire-intolerant 
species.  


 


 


 


 


 


 


 


 


 


 


Mean Total Herb Cover by Canopy Condition Class 


Significant differences in the cover of individual species across condition class appear to be driven by 
the extreme variation of the burned/open and unburned canopy classes. Typically, fire-intolerant 
species or species of uncertain affinity had greater cover in the burned/closed and unburned plots, 
while plots in the burned/open canopy class had greater cover of adapted plants, such as lowbush 
blueberry and little bluestem. While differences in vegetation structure across canopy condition classes 
is driven by fire effects, edaphics also likely plays a role. The plots in the burned/open canopy 
condition class were on steeper slopes with thinner soil and much more exposure to solar radiation 
compared to the other three condition classes, likely intensifying the effects of prescribed fire. 
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Relative Cover of Fire-Adapted Species by Canopy Condition Class 


 
 
Wildlife Assessment: 


To assess wildlife use in different canopy classes, paired cameras were placed in 3 plots for each canopy class in 
the burned areas and 2 plots in the unburned forest. A total of 22 cameras were active from the 20th of June through 
the 7st of October, 2018; roughly 100 camera trap nights per camera.  


Table 1: Total camera captures by species and canopy class for the Wilson Creek burn unit. 


Species 1_BO 2_BG 3_BC 4_UB Total 
Barred Owl 0 0 23 0 23 
A. Black Bear 40 12 145 22 219 
Blue Jay 0 1 0 0 1 
Bobcat 2 2 1 5 10 
Carolina Wren 0 1 0 0 1 
E. chipmunk 1 8 0 0 9 
E. Coyote 2 4 1 1 8 
E. Cottontail 2 0 0 6 8 
E. Grey Squirrel 2 85 33 44 164 
E. Wild Turkey 0 6 6 2 14 
Mourning Dove 3 0 0 0 3 
Northern Flicker 6 0 0 0 6 
Northern Raccoon 0 4 1 2 7 
White-tailed Deer 885 117 16 22 1040 
Species Diversity 9 10 8 8  


* BO = burned open, BG = burned gap, BC = burned canopy, UB = unburned, A. = American, E. = Eastern 


Species diversity was within 1 or 2 species for all treatments with burned/gap having the highest diversity (10) and 
burned/closed and unburned having the lowest diversity (8). Large to medium-sized mammals occurred across all 
treatments except for northern raccoons, which were not captured in the burned open treatment. Eastern cottontails 
did not occur in the burned/gap or burned/closed classes and eastern chipmunks did not occur in the burned/closed 
or unburned plots. The most frequently captured species was white-tailed deer (1,040 captures) which were 
captured most in the burned/open plots (885); likely due to the increased herbaceous and deciduous shrub 
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understory. Deer were captured least in the burned/closed (16) and unburned (22) plots which had less browse. 
American black bear captures were 12 times higher in the burned/closed plots than in the burned/gap plots. Eastern 
gray squirrel were capture most in the burned/gap classes and least (2) in the burned/open plots; likely due to a lack 
of mast producing trees in the open areas.  


These data should be used with some caution.  The relatively close proximity of cameras may not be optimal for 
larger mammals such as black bear. High captures in the burned/closed plots could be related to forest conditions 
there, however, they could also be related to the landscape position as it relates to an individual bear’s home range. 
We did not identify unique individuals and the potential for cameras to be in a core use area for a species exists. 
Further, the burned/open and burned/gap areas had more herbs, grasses, and shrubs creating more dense cover. 
While this cover is good for many species of wildlife, it is not ideal for camera studies.  False triggers due to leaves 
and other vegetation moving in the wind reduces chances of capturing an animal. Also, the thick understory in 
these plots potentially could reduce the viewshed for each camera and reduce captures.  Particularly for smaller 
animals. 
 
  







 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


 
Map 1. Prescribed burn units being monitored for the Grandfather CFLR. 
 
 







 


 
 
MAP 2 Lake James Burn Unit plot locations 
 
 







 


 
 MAP 3 Wilson Creek Burn Unit plot locations   







  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


 
Map 4. Blue Gravel Burn Unit plot locations. 
 
 
 







 
 
 
 
 
 
 


Appendix I 
 


Notes from July 18, 2017 field trip to Wilson Creek burn unit 
Prepared by Adam Warwick - TNC







Notes from meeting about Wilson Creek Burn unit 
July 18, 2017 


 
Adam Warwick 
Greg Philipp 
Chase Frisbee 
Pete Bates 
Megan Sutton 
Mamie Colburn 
Mike Schafale 
Chris Williams 


 
This unit has seen more burn entries than any 
other unit on the Nantahala and Pisgah National 
Forests. 


 


The purpose of this field trip was to look at 
composition and structure of both Pine Oak Heath 
and Montane Oak Hickory and discuss: 


• Is this what restoration looks like? 
• Are we seeing a desirable structure and 


composition for pine oak heath and oak 
forest in terms of herbaceous plants, 
grasses, oak and yellow pine regeneration, 


 
 
 
 
 
 
 


Figure 1. Map delineating forests that may represent desired condtions. Gary  Kauffman. 


shrub dominance, and mesophytic tree species? 
 


Stop 1. Pine Oak Heath 
Species encountered: 


• Plants: Sweet Fern (Comptonia peregrina), butterfly pea (clitoria 
ternatea), Coreopsis, bluestem, broomsedge, (Andropogon spp), pitch 
pine, mountain laurel, pitiopsis, turkeybeard, iris, red maple, baptisia, 
scarlet oak, chestnut oak 


• Wildlife: Eastern Fence Lizard, Scarlet Tanager 


Herb layer restoration appears to be really successful so far but canopy is 
sparse (i.e., <10sf/acre-ish). Many fire-loving herbaceous plants are 
responding positively. The plants are most apparent along the Wilson 
Creek Trail because it has been kept open from foot traffic, so these high- 
light requiring plants have been able to hang on there. But there seems to 
be good herbaceous response farther into the burn unit (away from the 
trail). 
Overall, sparse canopy (somewhere near woodland or savanna like 
conditions) with abundant maple and sourwood regeneration (8-10’).  Oak 
regen much shorter (4’) but present. Yellow pine regen minimal. 


 
Discussion Question: How many fires does it take? 
This site demonstrates a similar theme from other vegetation monitoring 
plots in that even though this site has been burned 5 times, it’s not really a 
lot different in terms of tree regen composition. Red maples and sourwood 
are abundant and it’s not as nice and neat as a Lafon model. 


 
Discussion Question: Will more fire continue to manage the mesophytic 
response while oaks and yellow pines become established? 
Schafale says that canopy is probably much lower that what would be 
suggested. Due to lack of canopy, lack of pines, Mike expected that this 
area would have either been harvested or decimated by pine beetle. We 
need further information on this area about past management. 
Scarlet oak (least fire tolerant oak) is present. 


 
Other Questions: 


 


 


 
 
 
 
 
 
 
 


 


 







Question: What role does herbaceous cover play as fuel carrier historically? 
Question: Should herbaceous species composition be monitored as well? 
Question: Is this restored? 


 
Here is the North Carolina Natural Communities Guide Description of this plant community. 


 


 
 
Overall, burning is having good fire effects. Herbaceous plant community is responding positively. Oak and pine regen is present. 
In the absence of management (fire, chemical, mechanical), mesophytic species would likely reach canopy dominance. 


 
 
 
 
 







Stop 2. Dry Oak, Montane Oak Hickory. 
Hiked in on the White Rocks Trail for about 0.10 miles then off trail north along the ridge for about 0.5 miles. 


 
Figure 4. Credit Megan Sutton 


 


Species Encountered: 
Chestnut Oak, White Pine, White Oak, Scarlet Oak, Pitch Pine, Mountain Laurel, Greenbrier (Smilax), 
Bear scat, phoebe, eastern fence lizard, shortleaf, maleberry, sassafras 


 
Comparison to first stop: Higher elevation, basal area higher, lower herbaceous species richness 
Mike noted the presence of the habitat type: Chestnut Oak Rhododendron Forest and that is a natural community type. Chesnut 
oak over rhodo. It didn’t burn hot enough to burn the rhodo. Why? 
Mike thinks this is a mesic forest subtype 


 
Discussion on size of canopy gaps. What is correct size? What is minimum? Why? This has been a point of contention during 
the Nantahala Pisgah Forest Plan Revision. Is bigger better? 


 
Canopy Gaps 
Par of our discussion centered around whether random sampling for vegetation monitoring (for our purposes) might not be our 
best approach for measuring success. An alternative could be that we seek out these 0.10-acre canopy gaps to really understand 
what the fire is doing in terms of oak and pine regeneration. In other words, what is oak regeneration and competition from 
mesophytic species like in these canopy gaps, which are/were the primary means by 
which light openings were created in the Southern Blue Ridge. Megan and Mike 
agreed that smaller gaps 1-3 trees are more historically accurate 


 
Chase commented on how difficult this is to do on the ground with timber harvest 


 
In the canopy gaps, abundant red oak regeneration, some white oak regen, lack of 
yellow pine regeneration despite abundant sunlight. Mike and Adam discussed why 
but its not immediately clear. 


 







 
Mike suggests from this point forward we are always gonna have 
mesophytic competition challenges as a function of today’s preponderance of 
these species in the canopy/subcanopy and resulting seeding into forest floor. 


 
Agreement seems to be that the key will be continued burning as fuel (leaf 
litter) recovery allows. 


 
Discussion Question: What role does timber management play in this 
scenario? 


 
Discussion Question: How many fires does it take? 


 
 
 


Conclusions: 
Keep burning. Trending in the right direction. 
Fire is re-adapting and pre-adapting the current more mesic forest to dryer 
conditions. Through prescribed burning, these forests will be more ready for 
the type of conditions we will likely see in the near future due to climate 
change 


  







Appendix II 
 


Selected pictures from the 2019 field season 
 


 
 


 
 
 
 







 
 
 
 


 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


 
 


 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


 
 
 
 







 
 
 
 
 
 
 


 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


 
 
 
 
 


 





		Stop 1. Pine Oak Heath

		Stop 2. Dry Oak, Montane Oak Hickory.






Monitoring Results Synopsis for 2015-2018 of the Grandfather Restoration CFLR 


 


2015:  


Following the Lake James Prescribed burn, collaborative members completed immediate post burn 
monitoring following the Southern Blue ridge Fire Learning Network methodology. This is the second 
burn in this unit and will provide information to managers about the effects of multiple burns on 
vegetation.  
 
The Wilderness Society continued work on fire effects monitoring in the Linville Gorge Wilderness with a 
Duke University Masters Student. The data, collected in FY2014, fed into the analysis and thesis, 
completed in FY2015. This project looked at the effects of multiple wildfires on vegetation within the 
wilderness and used multi-variant analysis to determine the variables that contributed to fire intensity 
and vegetation response. This data provides a valuable look at wildfire impacts.  
 
MountainTrue and Forest Service botanists monitored invasive species treatment effectiveness in the 
Wilson Creek area following treatments. This study looked at a grouping of common invasive plant 
species as well as a focused look at Japanese Knotweed. Invasive species monitoring was also completed 
in the Blue Gravel Fire area and the Bald Knob Fire area, as well as the Roses Creek Timber Sale area. 
 
In FY2014, the monitoring committee designed and implemented a wildlife monitoring study using 25 
trail cameras purchased through the CFLR. Working with the USFS, Wildlife Resources Commission, The 
Nature Conservancy, and researchers from North Carolina State University, a state-of-the-art wildlife 
camera study was used to determine whether wildlife is benefiting from prescribed fire. In FY2015, an 
AmeriCorps intern at Mountain True analyzed the camera data and provided results showing that more 
animals use the burn units (both more in numbers and higher diversity of species), however, due to the 
small sample size no statistically significant results could be determined. 
 


2016:  


During July, 2016 fire-effects were monitored at 2 burn units within the Grandfather CFLR – the Lake 
James and Wilson Creek burn units. The Lake James burn unit is a demonstration burn unit for the 
Southern Blue Ridge Fire Learning Network (SBRFLN), and has now been burned twice, first in March 
2011 and again in January 2015.  Post burn monitoring occurred during the summers of the second 
growing season following each burn, and all 20 plots were resampled in July 2016.  The Wilson Creek 
burn unit has been burned multiple times over the past 2 decades and at face value appears to be 
approaching a desired condition where fire return intervals could become longer.  The purpose for 
sampling in these two sites was to document the characteristics of areas where restoration appears to 
have been successful, and to quantify those results using SNRFLN protocols.   







 
Data from both units were gathered and compiled to review the 
progress toward these improved conditions. Findings indicated that 
the Wilson Creek unit tended to have a denser over story than was 
found at Lake James. While the ericaceous shrub layer at Lake James 
was dominated by mountain laurel, the Pine Oak Heath ecozone in 
Wilson Creek contained areas with both mountain laurel and 
rhododendron.  Where it existed, the rhododendron was much 
taller than the mountain laurel.  The average litter thickness in the 
areas sampled at Wilson Creek is similar to what has been achieved 
at Lake James.  The average duff thickness at Wilson Creek is thicker 
than that at Lake James.  


The primary goals of prescribed burning are to maintain and restore 
fire adapted forest communities, and also to manage fuels in order 
to both reduce the chances of catastrophic wildfires and promote the regeneration of fire adapted 
species.  It is widely accepted that it will take multiple fires to achieve these goals; however, the initial 
first steps appear to be significantly changing the fuel loading and structure by reducing the overstory, 
removing the heavy mountain laurel understory, and a reduction in litter and duff thickness.  Results 
from the monitoring activities are allowing fire managers to prioritize future burns on these units and 
determine the desired fire return interval. Based on these finding, we can determine that while the 
Wilson Creek and Lake James units have significantly reduced fuel loading and structure, they have not 
been reduced to the point where a shorter fire return interval will be successful in controlling ericaceous 
shrub growth.   


2017:  


Fire effects monitoring in FY2017 focused on characterizing target conditions for restoring fire adapted 
ecosystems. A question that often arises in adaptive management is “how many times must we burn on 
a frequent interval before we reach maintenance phase?” This year’s monitoring looked at that 
question. The Wilson Creek Burn unit is one of 2 units that has undergone 5 prescribed burns within the 
CFLR landscape. Due to the frequent burns, portions of this site are closer to a restored condition than 
any other site on the Grandfather. There is an ongoing agreement with Western North Carolina 
University for post-fire vegetation monitoring at this site, consistent with the protocols established for 
the Fire Learning Network. The goal of the monitoring is to characterize a “restored” site and monitor 
regrowth over time. Of primary concern is the regrowth of Kalmia (Mountain Laurel) and Rhododendron 
in the shrub layer. Working with botanists to identify forest types that may be in a restored state, plots 
were located in select areas throughout the burn unit and were sampled this summer. Data will be 
analyzed this winter, and plots will be resampled next summer to track growth over time.  
 
With the data at the Wilson Creek site (burned 5 times) and the other monitoring site at Lake James 
(burned 2 times), fire managers have looked at how to burn to get the most benefit. The project has a 
large number of acres available for prescribed burning, but only a short window to burn each year. This 
means there is a lot of strategy in prioritizing burn units. Monitoring data is showing a more significant 
change to the ecosystem toward fire-adapted vegetation and structure with more repeated burns. This 
has shifted fire manager’s strategy from burning more units at longer intervals, to focusing on high-
priority units and returning at shorter intervals. 


Wilson Creek Prescribed Burn 







 
The Lake James burn unit monitoring is a key site for the Southern Blue Ridge Fire Learning Network as 
part of a larger network of monitoring sites that are informing managers at a regional scale. This site will 
be the focus of monitoring post-CFLRP. Currently, the Fire Learning Network receives funding through 
The Nature Conservancy to monitor these sites. However, that funding is not guaranteed year-to-year. 
The Forest is looking to support that monitoring effort as well to ensure that it will remain in place to 
meet the 15-year monitoring requirement. 
 


MountainTrue monitors invasive species in high priority areas across the district. This year, Wilson Creek 
was a key area of focus for monitoring and analysis of data due to the high complexity around Japanese 
Knotweed. Wilson Creek is a Wild and Scenic Designated River with over 23.3 miles of riverfront with a 
mosaic of ownership with a heavy infestation of the invasive plant Japanese knotweed.  Japanese 
knotweed is an invasive shrub-like herbaceous plant that grows in dense stands along the banks that 
degrades habitat, outcompetes native streamside vegetation, and potentially impacts trout habitat. 
Treatment of Japanese knotweed was conducted in the upper reaches Wilson Creek drainage between 
2013 and 2016. Post treatment data was collected by Mountain True in 2014 and in 2017 along 25 - 100 
foot transects.    
 
The Nature Conservancy worked last year to convene stake holder meetings with a team of CFLR 
partners including TNC, Mountain True, USFS, and NC Forest Service around invasive species treatments 
in Wilson Creek. TNC worked with MountainTrue’s data and input from the team to do a basic analysis 
on the results of the Knotweed monitoring. Unfortunately, 
the results of the monitoring showed the treatments were not 
as successful as expected. Cover of knotweed showed no 
reduction and stem count showed only a small reduction. 
 
With this new data, the team of partners decided to take a 
holistic look at the current treatment approach and review 
best practices in the literature to see where others have been 
successful. The literature review conducted by TNC showed 
that a change in herbicide could increase treatment 
effectiveness. The team immediately recommended a switch 
in herbicide on ongoing treatments. Additionally, an 
untreated site on private property was identified to set up 
monitoring to look at treatment effectiveness under the new methods. MountainTrue set up monitoring 
transects on the new site (supported under a Wyden agreement with the property owner). Treatment 
will begin next year and MountainTrue is set to resample post treatment.  
 
Additionally, the team identified a newly released herbicide that could potentially help in the treatment 
of Knotweed. However, that herbicide is not approved under the existing forest-wide invasive species 
treatment EA. The USFS is looking at timelines to update that EA in order to most effectively treat 
Knotweed in Wilson Creek. 
 
2018:  
 
Additional progress was made on fire effects monitoring in FY2018, but results are still being analyzed. 
Fire effects monitoring over the past 2 years has focused on characterizing target conditions for 


Japanese Knotweed 







restoring fire adapted ecosystems. A question that often arises in adaptive management is “how many 
times must we burn on a frequent interval before we reach maintenance phase?” This year’s monitoring 
looked deeper into that question. The Wilson Creek Burn unit is one of 2 units that has undergone 5 
prescribed burns within the CFLR landscape. Due to the frequent burns, portions of this site are closer to 
a restored condition than any other site on the Grandfather.  
 
There is an ongoing agreement with Western North Carolina University for post-fire vegetation 
monitoring at this site, consistent with the protocols established for the Fire Learning Network. The goal 
of the monitoring is to characterize a “restored” site and monitor regrowth over time. Of primary 
concern is the regrowth of Kalmia (Mountain Laurel) and Rhododendron in the shrub layer. Once 
analyzed, the results will give insight into re-growth rates of target species to determine if the number 
of burns affected sprouting vigor. Plots were established in FY2017. Working with botanists to identify 
forest types that may be in a restored state, plots were located in select areas throughout the burn unit. 
 
In 2018 Western Carolina University collected additional data to better understand herbaceous 
condition and wildlife use. Based on field investigations in 2017, partners identified 3 classes of stand 
openness: 
1. Open Canopy. This occurs where nearly the entire overstory has been removed except for a few 
remnant trees. This condition is most prominent in the southern portion of the burn unit. We note that 
this condition may reflect varying disturbances, including prescribed burning, logging, and/or pine beetle 
infestation. 
2. Canopy gaps. Gaps that exist within an otherwise continuous matrix of relatively closed canopy. Gaps 
typically range in size from about 0.1 ac to 0.3 ac. This condition is most prominent in the central portion 
of the burn unit, and we suspect 
gaps were likely caused by 
prescribed burning. 
3. Closed canopy. This condition is 
characterized by a relatively intact 
overstory, though there is evidence 
of a degrading overstory that 
suggests the canopy will continue 
to become more open in the 
coming years. This condition is most 
prominent in the northern most 
portion of the burn unit. We 
suspect prescribed burning is the 
primary factor contributing to the 
overstory mortality that is 
occurring. 
 
Herbaceous sampling: Partners 
performed detailed botanical inventories in 5 plots representing each canopy class. A complete 
botanical census war performed for a 10m x 10m square within each plot using protocols adapted from 
the Carolina Vegetation Survey. 
 
Wildlife activity: Partners surveyed wildlife activity using paired cameras at 2 points within each canopy 
class and an additional 2 points located outside of the burn unit. The camera trap survey was conducted 
during July, August, and Sept. 2018. 







MountainTrue monitors invasive species in high priority areas across the district. One key target species 
to monitor is Japanese knotweed, which can be particularly aggressive along stream corridors within the 
Southern Appalachians.  Within the Grandfather CFLR, chemical treatments have been implemented 
along a 3-mile stretch of the Wilson Creek Wild and Scenic River.  Previous annual or semiannual 
treatment have been marginally successful.  For the past two years, more frequent treatments as well as 
including a mix of herbicides versus only triclopyr 3A have been implemented.   In comparing percent 
cover across 250 monitoring plots, in FY2018 there was a 51% reduction from 2017.  In addition, there 
was a 25% increase in the number of plots with no Japanese knotweed stems.  This switch in herbicide, 
resulting in more effective treatments, is a great example of successful adaptive management under the 
CFLR monitoring program. 


Plot monitoring was also completed in FY2018 for 13 different species invading a montane alluvial forest 
along the Catawba River.  The Catawba River area is a priority area for invasive species treatments 
because it is a rare example of a protected alluvial forest under Forest Service ownership. Data collected 
in 2018 indicate a 150% reduction in aerial extent of autumn olive, a 40% reduction in aerial extent of 
oriental bittersweet, a 93% reduction in the extent of multiflora rose, a 33% reduction in the aerial 
extent of kudzu, a 100% reduction in tree-of-heaven, and a 200% reduction in the number of mimosa 
stems.  While most of the monitoring indicated a positive reduction, it also indicated two species as 
being problematic with minimal control, privet and periwinkle.    


 
 








North Carolina | Grandfather Collaborative Landscape Restoration Project | 2015


The Grandfather Restoration Project landscape is located in Pisgah National Forest at 
the edge of the Blue Ridge Mountains. The Project will increase prescribed burning and  
other management practices on more than 40,000 acres of the Grandfather Ranger 
District. Along with restoring fire adapted vegetation, the Project seeks to improve 
wildlife habitat and forest composition in degraded stands, treat Eastern and Carolina 
hemlocks for the destructive Hemlock Woolly Adelgid, treat sensitive areas including the  
Linville Gorge Wilderness and Wilson Creek Wild and Scenic River for non-native invasive  
plants, and restore watershed health to benefit native trout and improve water quality.


Josh Kelly loves the Southern Blue Ridge — spending 
both his work days and his down time roaming its forests. 
As Public Lands Field Biologist with MountainTrue, a 
grassroots environmental group working in 23 western 
counties, he is looking down the road to a forest future 
that is healthier, prettier, and more protective of nearby 
communities.


“In a few decades, the Grandfather District can once 
again be a place where fire is playing its natural role,  
helping promote forest health,” he explains. “People will 
see a forest with more variety — an open understory with more flowering plants, with 
grasses and young oaks that will attract wildlife, such as turkey and deer.”


The benefits will not stop at the forest edge, Kelly says. 


“While forest health is important, the project will also be good for people in 
surrounding communities,” he continues. “It’s more than scenery. The Grandfather 
Collaborative Forest Landscape Restoration project will improve water quality, hunting 
and fishing opportunities, and neighboring towns will also be safer from wildfires that 
burn out of control.”


Kelly believes the CFLR project will be successful because a diverse group of people and 
organizations are working together. 


“That adds a lot of strength to the project. It is just like in an ecosystem where multiple 
species each fill a role. With this partnership, multiple organizations each fill a role. This 
gives the project a lot of energy and resilience.”


Controlled burn at Linville Gorge. © Gary Kaufman, U.S. Forest Service


Josh Kelly


Lisa Jennings
Pisgah National Forest
CFLR Coordinator
lisanjennings@fs.fed.us / (828) 652-2144


Contact information


Partners
 ■ Appalachian Designs
 ■ Foothills Conservancy
 ■ Forest Stewards
 ■ Friends of the Linville Gorge 
 ■ Friends of Wilson Creek
 ■ Grandfather Mountain 
Stewardship Foundation


 ■ Land of Sky Regional Council
 ■ MountainTrue (formally Western 
North Carolina Alliance)


 ■ National Park Service
 ■ National Wild Turkey Federation
 ■ North Carolina Department 
of Natural Resources


 ■ North Carolina Forest Service
 ■ North Carolina Wildlife 
Resources Commission


 ■ Quality Deer Management Association
 ■ Root Cause
 ■ Southern Blue Ridge Fire Learning Network
 ■ Southern Research Station
 ■ The Nature Conservancy
 ■ The Wilderness Society
 ■ Trout Unlimited
 ■ U.S. Fish and Wildlife Service
 ■ U.S. Forest Service
 ■ Western Carolina University
 ■ Wild South


Total acreage of 
landscape: 330,360


Results
• 40 jobs created or maintained 


on a yearly average


• 14,332 acres of fuels


• 569 acres of invasive plants 
and noxious weeds removed


• 13,176 acres of wildlife 
habitat restored


Fire Risk Reduction
Acres of hazardous fuels reduced


8 year goal
47,000


FY 2012
5,262


FY 2013
5,631


FY 2014
3,4393 year goal


14,693


3 year 
accomplishment 
14,332
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	IS - Evaluation Metric(s): Hemlock wooly adelgid causes mortality in eastern hemlock and Carolina hemlock, both of which are found in the Grandfather Project landscape. The removal of these integral tree species from moist coves (eastern hemlock) and ridges (Carolina hemlock) would have cascading effects on forest health, structure, composition, and negatively impact native wildlife species. The absence of hemlock on the landscape would also likely change transpiration rates, thereby altering hydrologic cycles in the southern Appalachians (Brantley et al. 2013). By treating infestations within the project footprint, we are trying to avoid these outcomes.Invasive plants (plume grass, princess tree, mullein, and Japanese knotweed) in the project landscape collectively displace native species, can alter stream ecology (knotweed), and may increase fire intensity or severity (plume grass). The persistence of these species on the landscape alters vegetative communities and can negatively impact native wildlife species which depend on the species that these invasive plants displace.
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	[FW 018] Narrative - Adjacent Areas: As stated earlier in the fire discussion, "Between 2014 and 2019, leveraged funds or in-kind services linked to the Grandfather CFLRP have extended treatment benefits outside of the active treatment areas on Federally owned lands to +1,000 acres of prescribed fire within Lake James State Park, nearly 100 acres of prescribed fire on private lands, 1 acre of herbicide treatments applied on private lands, and +60 acres of hazardous fuel reductions (thinning) on state lands within the Grandfather Project landscape. All of these treatments add to the larger body of accomplishments of the Grandfather CFLRP project and help to create fire-adapted landscapes in accordance with desired conditions. These benefits at the landscape-scale were considered when identifying targets for desired conditions and thresholds for progress measurements (following sections) and in pinpointing areas for new projects on NFS lands within the larger Grandfather project boundary." The benefits of fire regime restoration for wildlife habitat improvement are connected. Our native wildlife species evolved to exist within the fire-adapted landscapes of the project area, where food sources such as acorns (and formerly American Chestnut) were abundant. Among other things, the absence of fire has reduced the regeneration of oaks and in turn, reduced the abundance of hard mast available in our forests. Fire also creates a mosaic of habitat conditions dispersed across the landscape spanning from early successional to old-growth forests. It also creates canopy gaps and important edge habitat. 
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	[R 3] Names of Authors of This Report: Pisgah National Forest: Greg Phillip (CFLR Coordinator), Lisa Jennings, Brady Dodd, and Devin Black; Partners: Peter Bates (Western Carolina University), Bob Gale and Josh Kelly (MountainTrue). 
	[R 4] Links to Your Past CFLRP Monitoring Reports: Please see attachments (see paperclip icon at left).
	[R 5] Links to Your CFLRP Monitoring Plans and Approved Revisions: Please see attachments (see paperclip icon at left).
	[R 6] Links to Other Technical Reports & Literature: https://esajournals.onlinelibrary.wiley.com/doi/epdf/10.1890/12-0616.1 (Brantley et al. 2013);  Draft Land Management Plan for Pisgah and Nantahala National Forests (internal document; should be available online soon). 
	[R 2] Multiparty Monitoring: In 2014 desired conditions were developed for the landscape-scale internally (FS). Likewise, updates to desired conditions in 2019 were made internally (FS) using the 2014 Desired Conditions and knowledge of treatments that have occurred since the project began to refine them for the next few years. Collecting, assessing, and sharing the data is conducted as it was in 2014 with our (FS) partners and collaborators leading many aspects of data collection (for all resources included in this report) and compiling data reports (excluding this report, which was drafted by the FS). Specifically, Western Carolina University has led fire-effects, wildlife, and botanical survey efforts, MountainTrue had led invasive species monitoring and has conducted or assisted with treatments, and water quality has been tested and monitored by the State. The assistance, funding (and in-kind contributions), and expertise provided by our partners has been an integral component of the successes recognized during this project.
	[R 1] Integration Across Sub-indicators: The ecological sub-indicators are all connected, and integration is inherent in the treatment processes and outcomes. For instance, the use of prescribed fire results in movement toward desired conditions for fuels (lowered wildfire risk and intensity, and suppression costs; increased grass/forb states) and wildlife (creation of a mosaic of habitats; favors oaks and pines-mast; improves habitat structure-multi-layered). Similarly, removal of invasive species not only helps address issues with these species, but also improves the health of the habitats in which they occur (benefits to watersheds-improved function and wildlife-allowance for native plant occupation, which provide their traditional food and shelter). 
	[WS 001] Official CFLRP Name: Grandfather Restoration Project
	[WS 002] State's Full Name: North Carolina
	[WS 003] Not Applicable: Off
	[WS 004] Yes Change to DC: Yes
	[WS 005] No Change to DC: Off
	[WS 006] Narrative - DC Changes: The landscape-scale desired condition was unchanged. For this report, a project level desired condition was added to address riparian function, BMPs, and habitat for a federally threatened species within the priority watershed since none were given in 2014 (pg 11). Additionally, the end date was set to the end of FY2021 because this project is a 2012 CFLRP.
	[WS 007] Yes Change to Methods: Off
	[WS 008] No Change to Methods: Yes
	[WS 009] Narrative - Methods Changes: Monitoring methodologies for watershed condition have remained consistent throughout the lifetime of the Grandfather Restoration Project.
	[WS 010] Yes Change to Baseline: Off
	[WS 011] No Change to Baseline: Yes
	[WS 012] Narrative - Baseline Data Changes: Baselines for watershed condition were determined using the Watershed Condition Framework for the Armstrong Creek priority watershed. In the development of the Watershed Restoration Action Plan it was determined that the Armstrong Creek Watershed is in the condition class "fair" or "functioning at risk". Water quality in the watershed is high (designated "high quality waters" by the state of NC.)
	[WS 013] Narrative - Unanticipated Developments: The collaborative of partners that are working in the Grandfather Restoration project landscape are integral to the project's success, which could  not be called "unanticipated". However, bringing new parters on over the course of the project lifespan has resulted in furthering progress and needed improvements of watershed condition. For example, A Clean Wilson's Creek non-profit organization recently became a cooperator. They devote numerous volunteer hours to pick up trash (including large debris) and patrol Wilson Creek, the only designated Scenic River on the Grandfather. Other partners and volunteer groups conduct watershed surveys providing important data on current conditions, remove invasive species and graffiti, and help to improve trails near waterways, along with a myriad of other things. 
	[WS 014] Narrative - Barriers/Challenges: Barriers and difficulties for improving watershed condition are similar to those described in the preceding fire section. Additionally, NEPA poses challenges for getting watershed projects completed. Costs for large AOP projects can be up to the amount of an entire year's allocation. Thus, there is often a need to find additional funding, which can be difficult to obtain. 
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	[WS 021] % of landscape: 9.5
	[WS 030] Cat 1 Resource Value Other Space: 
	[WS 038] Cat 2 Concern Other Space: trail proximity to water
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	[WS 53] Project-scale Target Date mm/dd/yyyy (W): 
	[WS 54] Project-scale Quantifiable Desired Condition Statement(s): Riparian structure and function is restored in degraded areas of the priority watershed.Habitat for the federally threatened plant, mountain golden heather (Hudsonia montana), is improved or maintained through the use of prescribed fire, non-commercial thinning, and public outreach and education in the priority watershed. BMPs are implemented and effective in controlling pollution (primarily sediment) during timber sale and road construction and maintenance activities. 
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	[WS 61] Landscape-scale Quantifiable Desired Condition Statement(s): BMPs are implemented and effective in controlling pollution (primarily sediment) during timber sale and road construction and maintenance activities.   
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	WS 85 - Evaluation metrics: Acres of prescribed fire completed; Large woody debris (LWD) presence in stream channels; Plantings and seedling survivorship; percent cover of NNIS species along transects; and photo points to assess vegetation coverage (%) on rehabilitated sites. 
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	WS - Dataset Justification: These measures allow for tracking progress at the project-scale level and help to draw inferences into the effect these treatments are having at the landscape-scale in some instances. These performance measures are directly applicable to the project goals of restoring native vegetation (and also removing non-native invasives), improving watershed health and function, and retaining the "highly quality waters" status of this watershed as designated by the State of NC. Roads and trails maintenance is included here, because betterment of trails and roads reduces negative impacts to water and the watershed. 
	WS Score & Percent (P): Yellow, 62%
	WS Achieving Objectives? (P): Yes
	WS Score Calculation Methods (P): The project proposal identified targets to treat 1,850 acres (nearly 10% of the watershed: 18,303 acres; and 22% of the NFS lands in the watershed: 8,462 ac) using silvicultural treatments to improve watershed condition in the priority watershed: Armstrong Creek. From 2015-2019 we have reported 38 acres of timber treatments, 23,838 acres of fuels reduction (includes prescribed fire and mechanical treatments), and 2,315 acres of forest vegetation establishment and improvement. While all the acres reported above have an unknown degree of overlap (more than one treatment occurring in the same area; example: timber harvest followed by vegetation establishment), we estimated progress in relation to our targets within the watershed as follows: NFS lands in Armstrong Creek watershed is 8,462 acres/ 192,000 (project landscape)*100 = 4.4% of project landscape. If we add the above silviculture related accomplishments = 26,191 ac and adjust based on % of project landscape (*0.044)= 1,152.4 acres.  We can then compare this number to our target of 1,850 acres for an estimate of progress at the project scale: 1,152.4/1850 *100= 62.3% 
	WS Green Percent Cutoff (L): 40
	WS Yellow Percent Cutoff (L): 20
	WS Red Percent Cutoff (L): 10
	WS Score & Percent (L): Green, 48%
	WS Achieving Objectives? (L): Yes
	WS Score Calculation Methods (L): The priority watershed identified within the Grandfather Restoration Project footprint is Armstrong Creek. The watershed area covers 18,303 acres or approximately 9.5% of the landscape area of the Grandfather Restoration Project (192,000 acres). While this 9.5% defines our priority area for treatment, we have been implementing treatments that would improve watershed condition throughout the Grandfather Project landscape. Thus, we can assume that the watershed improvement treatments occur within 40% of the project landscape, which became the threshold for "green" level progress. At this level we can gauge the degree of positive impact in the project landscape by treating areas within it over the course of the project and estimate extended benefits to the areas around treatments. The yellow and red %s were set as increments based on the green level. From FY2015 to FY2019, we can associate 61,225 acres (e.g., fuels reduction, timber harvests, planting, invasive species removal) and 1,005 miles (e.g., roads, trails, stream improvements) of treatments that benefit the watersheds in the Grandfather Project landscape (including the priority watershed Armstrong Creek- analyzed at the project scale). Factoring in the reported accomplishments, improvements to watershed condition resulted in the following calculations. Miles were converted to acres by assuming a 16ft corridor: 1,005 mi * 5280 ft/mi= 5,306,400ft; 5,306,400ft *16ft corridor width= 84,902,400ft2; 84,902,400ft2 / 43,560 ft2 per ac= 1,949 ac. For overall progress we assume 1,949 ac + 61,225 ac = 63,174 acres were treated on the landscape; however, many of these acres contain overlap, where any given spot has received more than one treatment over the lifespan of the project (for example prescribed fire and invasive species removal). To account for this overlap, here we used 55% of acreage reported across multiple accomplishments (63,174ac*0.55= 34,745.8 acres). For the progress calculation we can assume that the 34,746 treated acres have had a 45% benefit on the surrounding landscape due to the importance of reducing sedimentation and working in headwaters to improve overall watershed health. Calculation: 34,746 acres + (remaining landscape benefited: 45% change to 60% of the landscape: 0.45*128,826 ac) 57,971.7 ac= 92,717.7 acres. Finally, (92,718/192,000)*100 = 48.3%. 
	FR Official CFLRP Name: Grandfather Restoration Project
	FR State's Full Name: North Carolina
	FR Narrative - DC Changes: The content of desired conditions for fire regimes for the landscape scale remains the same as defined in 2014, but the end date has been lengthened from the end of 2020 to end of 2021, as this is a 2012 CFLR project. Also, a desired condition for the project scale has been developed and added since the 2014 Ecological Indicator Report was published.
	FR Narrative - Methods Changes: Monitoring for fire regimes remains largely similar to what was outlined in the 2014 Ecological Indicator Report, though in 2015 an official agreement was signed with Western Carolina University to conduct fire effects monitoring using the Southern Blue Ridge Fire Learning Network protocols. This methodology consists of installing 0.1 acre permanent plots that record all woody vegetation over 4” dbh, measuring sapling density in a nested sapling plot, recording percent cover of shrubs and herbs, and measuring fuels along three transects. The agreement also provides analysis of data to allow for adaptive management in prescribed fire implementation. In 2017, additional monitoring plots were established and in 2018 a new categorization of canopy cover was determined to more fully assess how fire is shaping stand structures and characteristics. Further, more complete botanical inventories were conducted within burn units to assess regeneration of fire-adapted or fire-dependent species.
	FR Narrative - Baseline Data Changes: Typically, the baseline only shifts when new project areas are added. In that sense, baselines have shifted due to new areas being added since 2014; however the method of conducting baseline assessments remains unchanged. Baseline conditions for fire regimes are set by conducting a fuels inventory and vegetation measurements before a prescribed fire is applied in a new area. Then following the burn, effects are monitored as described above and in the 2019 annual report.  
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	FR Project-scale Quantifiable Desired Condition Statement(s): 75% of all prescribed burn projects meet prescription objectives as quantified in the burn plan.
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	FR Landscape-scale Quantifiable Desired Condition Statement(s): Fire adapted landscapes transition from shrub-dominant understory fuel model to grass/forb dominant understory fuel model.
	FR - Broader Goals 1 P: Yes
	FR - Broader Goals 1 L: Yes
	FR - Broader Goals 2 P: Yes
	FR - Broader Goals 3 P: Yes
	FR - Broader Goals 4 P: Yes
	FR - Broader Goals 5 P: Yes
	FR - Broader Goals 6 P: Yes
	FR - Broader Goals Other P: Off
	FR - Broader Goals 2 L: Yes
	FR - Broader Goals 3 L: Yes
	FR - Broader Goals 4 L: Yes
	FR - Broader Goals 5 L: Yes
	FR - Broader Goals 6 L: Yes
	FR - Broader Goals Other L: Off
	FR - Goals Other: 
	FR - Outcomes 1: Yes
	FR - Outcomes 2: Yes
	FR - Outcomes 3: Yes
	FR - Outcomes 4: Yes
	FR - Outcomes 5: Yes
	FR - Outcomes 6: Off
	FR - Outcomes 6 BLANK: 
	FR - Evaluation metrics: Litter and duff depths (for fire hazard), percent canopy cover (for openness), fuels treatment effectiveness, basal area in square feet per acre (for tree density), species composition (target is to regenerate pine and oak), fire behavior (mixed-severity; available fuels reduction), plot descriptions (comparisons before and after treatment), and coarse woody debris (fuel loading).  
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	FR Score & Percent (P): Green, 82% 
	FR Achieving Objectives? (P): Yes
	FR Score Calculation Methods (P): The Grandfather CFLRP project set a target of treating 36,795 acres with prescribed fire and mechanical thinning treatments within the Grandfather Restoration project landscape (192,000 ac) at the onset of the project in 2011. The per year acre target (6,507 acres) accounts for some degree of overlap being present, as some acres should be burned 2-3 times per decade to restore natural fire regimes to the fire-adapted oak and pine forests. The 2014 report showed 13,952 acres treated with 88% benefited (13,952*0.88= 12,278 ac). Between 2015 and 2019 we have reported approximately 23,838 acres of fuels treatments (FP-FUELS-WUI) moving treated vegetation communities toward the desired conditions of restoring natural fire regimes and reducing risk of severe wildfire. A total of 37,790 acres have been reported as treated over the lifetime of the Grandfather Restoration project, which is greater than the target of 36,795 acres, but contains an undetermined amount of overlap. Thus, we calculated project scale scoring (for 2015-2019) based on the assumption that 75% of the treatments have resulted in favorable conditions such as reduced shrub cover (given by post-fire monitoring data): 23,838*0.75 (improvement)= 17,878.5 ac benefited. Thus, 17,878.5/36,795* 100 = 48.5% progress over the reported time-frame (2015-2019). To determine total progress for the lifetime of the project to date, we added in the reported (and adjusted) number for 2014: (12,278+17,878.5)/36,795 *100= 81.9% total progress. Total progress reported above, because the benefits of repeated burning is cumulative.
	FR Green Percent Cutoff (L): 50
	FR Yellow Percent Cutoff (L): 30
	FR Red Percent Cutoff (L): 10
	FR Score & Percent (L): Green, 50%
	FR Achieving Objectives? (L): Yes
	FR Score Calculation Methods (L): The Grandfather CFLRP project set a target of treating 36,795 acres with prescribed fire and mechanical thinning treatments within the Grandfather Restoration project landscape (192,000 ac) at the onset of the project in 2011. Resulting in targets representing 36,795/192,000*100= 19% of the Grandfather Landscape.With the idea that all acres treated extend benefits to the surrounding areas (and treated areas are spread across the landscape) we calculated the threshold percentage (green) as follows: [(100% change) X (19% of the landscape)] + [(40% change) x (81% landscape)] = 51.6% (rounded to 50%).To calculate total fire regime progress (%), we used the following calculations. The 2014 report showed 13,952 acres (7% of the landscape) treated with an 88% benefit (= 12,278 ac). Between 2015 and 2019, we reported approximately 23,838 acres of fuels treatments (FP-FUELS-WUI) moving treated vegetation communities toward the desired conditions of restoring natural fire regimes and reducing risk of severe wildfire. Assuming the same 88% benefit as noted in 2014, 23,828*0.88= 20,969 ac. Thus, the calculations for Fire Regime (to date) at the landscape scale: [(12,278ac+20,969ac) + (40% benefit to remaining 82.7% landscape: 158,784ac*0.4= 63,514 ac)] = 96,760.6 ac; (96,760.6/192,000) *100=  50.4% progress.
	[IS] Not Applicable: Off
	[IS] Yes Change to DC: Yes
	[IS] Yes Change to Methods: Off
	[IS] No Change to Methods: Yes
	[IS] Yes Change to Baseline: Yes
	[IS] No Change to Baseline: Off
	[IS] Narrative - Baseline Data Changes: Typically, the baseline shifts when new project areas are added. In that sense, baselines have shifted as new areas to be treated for invasive species have been added since 2014 when new infestations are noticed. However, the assessment of baseline conditions remains similar to 2014. For invasive species, baselines are set by surveying an area and recording invasive species occurrences and cover percentages. After treatment these baselines serve as a measure to see if any existing populations were reduced or eradicated through treatment. 
	[IS] Narrative - Unanticipated Developments: In 2017 our invasive species monitoring data showed that our treatments were not being as effective as we hoped. So through a collaborative effort we decided to treat infestations more frequently and using a mix of different herbicides instead of just Triclopyr 3A as we had been using. Over time, we are learning which species we are experiencing the most successes with and those that remain the most problematic and hard to treat, so that we can focus our efforts accordingly. 
	[IS] Narrative - Barriers/Challenges: While we've made notable progress in treating invasives within key areas of the Grandfather Restoration project landscape, there is still a lot of work left to be done. The nature of invasive introductions, spread, and establishment is that they are frequently expanding. It is challenging to stay ahead of new population establishments, while also reducing the occurrences or extent of existing populations given available time and resources. Thankfully, we do not do this work in a silo and many other agencies and partners also join forces to combat these non-native species.
	[IS Score & Percent (P): Green, 75%
	[IS] Achieving Objectives? (P): Yes
	[IS] Score Calculation Methods (P): At the onset of the Grandfather restoration Project we set a target for 3,862 acres of accomplishments coded to invasive species management. From FY2015 to FY 2019, we have reported 4,628 acres, collectively, under 2 invasive species (plants and terrestrial/aquatic species) accomplishment codes. Even with the possibility of some acreage overlap, we can state that our acreage target from the onset of the project has been met; however, due to management objectives and the continued need for invasive species management in the project area, we estimated the total % progress at the project-scale for invasive species at 75%.
	[IS] Green Percent Cutoff (L): 30
	[IS] Yellow Percent Cutoff (L): 20
	[IS] Red Percent Cutoff (L): 10
	[IS] Score & Percent (L): Green, 32%
	[IS] Achieving Objectives? (L): Yes
	[IS] Score Calculation Methods (L): Because the treatment of invasive species occurs in areas throughout the Grandfather Restoration Project landscape, but often on smaller, localized scales in order to directly target problematic infestations, we set the green level threshold at 30% and adjusted the other levels incrementally. For the progress calculation we considered the 4,628 acres of invasive species (including noxious weeds, grasses, invertebrates) treatments that we have recorded in our accomplishments between FY2015 and FY2019 (2% of the project landscape). In 2014 we reported treatment effectiveness at 66%, but feel that we’ve improved since we have begun utilizing new methods and different herbicides, and now assume a 75% effectiveness rate. Due to the smaller, more localized treatments, we anticipate the beneficial effects of invasive treatments extend to 40% of the surrounding landscape. Thus, the calculation for progress becomes: {[(75% change * 2% landscape) + (75% change*40% landscape)] / landscape acres}*100; [(3,471 ac + 57,600 ac)/192,000 ac] *100= 31.8%
	FR No Adjacent Areas: Off
	FR Yes Adjacent Areas: Yes
	FR Narrative - Adjacent Areas: Between 2014 and 2019, leveraged funds or in-kind services linked to the Grandfather CFLRP have extended treatment benefits outside of the active treatment areas on Federally owned lands to +1,000 acres of prescribed fire within Lake James State Park, nearly 100 acres of prescribed fire on private lands, 1 acre of herbicide treatments applied on private lands, and +60 acres of hazardous fuel reductions (thinning) on state lands within the Grandfather Project landscape. All of these treatments add to the larger body of accomplishments of the Grandfather CFLRP project and help to create fire-adapted landscapes in accordance with desired conditions. These benefits at the landscape-scale were considered when identifying targets for desired conditions and thresholds for progress measurements (following sections) and in pinpointing areas for new projects on NFS lands within the larger Grandfather project boundary. 
	FR Narrative - Barriers/Challenges: In FY19 there was a 35 day government shutdown (furlough) that closed all forest operations early in the calendar year. Though we were able to recover from that lapse in working time to devote to making progress on the CFLR project, we had other challenges in FY19 regarding further movement toward reaching desired conditions for fire-adapted landscapes. The weather in FY19 did not provide satisfactory windows for prescribed fire implementation and had minimal wildfire occurrences over the year (one 5 ac fire in the Linville Gorge). Similarly, 2018 was characterized by wet weather, though a few short burn windows opened allowing for implementing prescribed burns. Another challenge that we face, is that regulations require full suppression of fires on land that is under state jurisdiction. Since state (and private) lands are dispersed throughout the Grandfather Project's landscape, this regulation can reduce the potential for managing fires (Note: only for fires that would be suitable dependent on location, resources at risk, etc.) that start off of federal lands for resource benefit when they spread onto NFS lands. Regardless of these challenges, over the last five years we have met targets for prescribed fire and have managed wildfires for resource benefit that have moved fire-adapted landscapes toward desired conditions. 
	FR Narrative - Unanticipated Developments: Several wildfires within the project landscape have furthered progress towards reaching desired conditions for fire adapted landscapes over the last 5 years. In 2015, 2,935 acres burned (30 separate ignitions- 4 lightning caused) by wildfire. One particular area restored to shortleaf pine during the Grandfather project burned, benefiting this fire-adapted species and bolstering restoration efforts.  Also in 2015, the Bald Knob Fire burned adjacent to areas that had already been treated for fuels reduction or had burned in prior years, allowing for the fire to be managed for resource benefit while minimizing risk and exposure to firefighters. Prior collaboration through this CFLRP was integral to the successful management of this fire. FY2017 was the highest wildfire year within the 5 year span, with fires totaling 11,172 acres. There were 4 significant fires, 2 of which occurred in areas that had previously been burned with prescribed fire, helping to restore more natural fire regimes and fire-adapted species, while also increasing the ability for firefighters and land managers to manage the fires for resource benefit in a safe manner. Additionally, an endangered, disturbance- dependent species- mountain golden heather (Hudsonia montana)- experienced population growth following fires of mixed-severity in the project area. FY2018 and FY2019 had fewer wildfire occurrences than in other years of the Grandfather CFLR. We are learning through monitoring data that areas where multiple burns (either prescribed or natural ignitions) are creating a mosaic of landscape conditions and are providing for increased responses from fire-adapted and fire-dependent species. Further, some areas within the CFLR landscape are appearing to be at or be close to reaching desired conditions.
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	[IS] Landscape-scale Quantifiable Desired Condition Statement(s): The number and size (% cover) of invasive species infestations decrease by 50% within priority landscapes.
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