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STATUS OF SUBJECT SPECIES: Native

PROJECT OBJECTIVES: We plan to assess the influence of dwarf mistletoe on fuel properties, fire behavior, and post-burn survival of mature ponderosa pine, and to develop guidelines for enhanced tree survival.  Specific objectives are:
1. Identify and characterize the effects of dwarf mistletoe infestation (especially brooming) on surface fuel loads.
2. Determine the extent to which dwarf mistletoe brooms affect the flammability of branches (crowns) of old-growth ponderosa pine.
3. Describe fire behavior and post-burn survival in prescribed, operational burns designed to reduce wildfire hazard in stands of mistletoe-infested, old-growth ponderosa pine.
4. Develop and test guidelines to enhance the survival of old-growth pine treated with prescribed fire.
BRIEF DESCRIPTION OF PROJECT:  Experience at Crater Lake and Grand Canyon National Parks reveals that prescribed burns used to reduce fire hazard in mistletoe-infested stands can result in unacceptably high burn-induced mortality of large ponderosa pine. With the intent to minimize this observed outcome, we are submitting a joint proposal from R6 (lead) and R3 including Forest Research, two National Parks, and Portland State University. This project will document the effects of dwarf mistletoe on fire hazard and develop guidelines to reduce the hazard in stands of old-growth ponderosa pine. Pre-burn patterns of tree growth will be reconstructed from tree ring analysis and historic photographs.  Present conditions will be determined by field study.  These data will be used to model fuel development for areas with and without dwarf mistletoe.  Specific attention will be given to broom development and flammability as compared with uninfected branches, and the effect that brooms have on fuel loading.  Data will also be collected on burn conditions, site prep, ignition control and fire behavior from a selection of prescribed burns in infested stands to establish, evaluate and test guidelines for fire management. The data will be compatible with the Fire and Fuels Extension (FFE) and Dwarf Mistletoe Impact Model (DMIM) of the Forest Vegetation Simulator (FVS) and with the Field Sampled Vegetation Oracle database (FSVeg). The work schedule is:

· Spring 2003—Complete broom sampling (Deschutes and Kaibab National Forests);

· Summer 2003—Complete plot sampling (Crater Lake and Grand Canyon National Parks);

· Fall 2003—Monitor prescribed burns (Crater Lake and Grand Canyon National Parks);

· Winter 2003–Spring 2004—Process and analyze data;

· Summer–Fall 2004—Complete additional data collection including monitoring post-burn mortality; develop and test guidelines for prescribed burns;

· Winter 2004–Fall 2005—Complete data analysis, modify the guidelines as needed and prepare manuscripts.
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Arizona Entomology and Pathology,

928-556-2075

FHP Southwestern Region


mfairweather@fs.fed.us
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Role








Time Commitment

Maffei:

Oversee total project and prepare STDP reports,
provide

25 days per year

technical guidance and assistance with locating study plots,

co-author formal publications and presentations.

Fairweather:
Assist with total project oversight, assist with coordination
15 days per year 

and execution of work in Arizona.
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Phone, E-mail, Fax

Brian Geils

Rocky Mountain Research Station

928-556-2076










bgeils@fs.fed.us









928-556-2131

Robert Tinnin

Portland State University


503-725-4202

tinninr@pdx.edu
503-725-3888

Sharon Stanton

Portland State University


503-475-3896

sstanton@pdx.edu
503-725-3888

PRINCIPAL INVESTIGATOR(S) INVOLVEMENT (add lines as necessary):

Name
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Time Commitment

Brian Geils

Coordinate project in Arizona (with Fairweather),
60 days per year




provide technical advice and other support,

co-author work under his direction.

Robert Tinnin

Manage project contract at PSU;



30 days per year



provide technical support, equipment;

supervise Sharon Stanton, graduate student;

co-author work under his direction.

Sharon Stanton

Graduate student responsible for project execution,
250 days per year

author of plans, progress reports, final report,  

and conducts data collection and analysis.
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Affiliation (Office or Dept.)


Phone, E-mail

Mary Rasmussen
Crater Lake National Park


541-891-3808

Mary_Rasmussen@nps.gov
Keith Hadley

Portland State University


503-725-3078










Hadley@pdx.edu

Kara Leonard

Grand Canyon National Park


928-635-1343










Kara_Leonard@nps.gov
Donald Bertolette
Grand Canyon National Park


928-226-0165










Don_Bertolette@nps.gov
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Mary Rasmussen
Consults on fire ecology and serves as principal 
 
15 days per year




contact at Crater Lake NP, especially for data 




collection and prescribed burn at Crater Lake NP.

Keith Hadley

Provide lab space and technical assistance to

30 days per year

Sharon Stanton for data collection and preparation.

Kara Leonard

Consult on fire ecology and serve as principal contact 
15 days per year




at Grand Canyon NP, especially for data collection




and prescribed burn at Grand Canyon NP.

Donald Bertolette
As forester for Grand Canyon NP, consults on data
45 days per year




collection methods and leads data collection work




at Grand Canyon NP.

JUSTIFICATION:  Ecosystem management to attain and maintain pre-European forest conditions requires the use of fire.  The application of fire to complex natural systems can bring about unexpected/undesired results.  The behavior and effects of fire in ponderosa pine forest infested with dwarf mistletoe is a case in point.  Such infested forests are extensive in the West and occupy prime locations in National Parks.   We will develop guidelines to reduce the hazard of controlled burning to large, infected trees and to infested stands.  The result will be decreased fire-induced mortality among highly desirable but infected, old-growth ponderosa pine.
URGENCY: Many ponderosa pine stands in the western U.S. have been structurally modified by fire exclusion and other management practices.  Pine stands in general and old-growth stands in particular are at high risk from wildfire due to fuel accumulation.  The urgency for this project pertains to the ongoing use of prescribed fire to mitigate high fuel loads because there is often undesired mortality of large but mistletoe-infected trees using current protocols.  Guidelines are urgently needed to allow effective use of fire as a management tool but without subsequent mortality of large trees.

NATIONAL FHP TECHNOLOGY DEVELOPMENT PRIORITY:  
Priority 1: __
Priority 2: _x_
Priority 3: _x_
Priority 4: __

The natural role of dwarf mistletoe in forest structure and function has been altered by fire suppression and other management activities. This project directly addresses National FHP Priority 3 by quantifying the interactions among mistletoe infection, fuel loading, and fire behavior and by detailing the impact of dwarf mistletoe as a long-term disturbance agent on fire ecology. This project also directly addresses Priority 2 by developing guidelines for silvicultural practices related to pruning and prescribed burning that address the unique characteristics of stands affected by dwarf mistletoe.

TECHNICAL COMMITTEE DEVELOPMENT PRIORITY:  

Priority 1: _x_
Priority 2: _x_
Priority 3: __
Priority 4: __

Priority 5: __
Priority 6: __
Priority 7: __
Priority 8: __

The project will address Technical Priority 1 by detecting and quantifying the impact of dwarf mistletoe on stand susceptibility to fire and related ecological processes.  Priority 2 will be met by the guidelines that will be developed for use with prescribed burning in stands infested with dwarf mistletoe.

SCOPE OF APPLICATION:  This project benefits all regions that contain valuable stands of ponderosa pine infested with dwarf mistletoe.  The data will have application in the Fire and Fuels Extension of the Forest Vegetation Simulator model as well as in the Dwarf Mistletoe Impact Model. In addition, this project will evaluate the effects of a pathogen on forest stand dynamics over time using modified increment core sampling and interpretation.  All such modified techniques can be directly applied to the study of other timber species.  Much will also be learned about the conditions related to broom formation which will be valuable in the study of important wildlife habitat.
RESEARCH BASIS: 

Individual ponderosa pine trees are stressed by competitors, such as understory species and neighboring trees (Barrett 1973), and by disease, such as dwarf mistletoe (Hawksworth 1961).  These stressors can in turn reduce longevity (Maffei 1989, Hawksworth and Geils 1990) with the consequence of increased rates of fuel accumulation (Wanner and Tinnin 1989).  Fire exclusion over several decades has contributed to increased stand and understory density, to increased levels of dwarf mistletoe infection, and to accumulation of highly flammable fuels in the pine forests of the American West (Weaver 1959, Cooper 1960, Covington and Moore 1994, Dahms and Geils 1997). The result has been an increase in fire severity over time (Agee 1993). 

Foresters have employed prescribed fire and ”let burn” policies to reduce understory competitors and accumulated fuels.  However, the presence of dwarf mistletoe in a stand seems to complicate the use of fire in management.  Between 1976 and 1986, staff at Crater Lake National Park burned several areas of mixed conifer forest to selectively remove understory fir trees and retain mature ponderosa pine trees, many infected with dwarf mistletoe. These fires unexpectedly resulted in high mortality (45%) of large ponderosa (Thomas and Agee 1986, Swezy and Agee 1991). 
Dwarf mistletoe can cause changes in crown structure that could amplify fuel loading and fire susceptibility (Geils and Hawksworth 2002).  Given enough time, witches’ brooms form in response to infection; these brooms are massive, resinous and persistent relative to healthy branches.  We know that mistletoe increases both surface and aerial fuels in young ponderosa pine stands (Koonce 1981) but fuel loading under infected mature trees have not been characterized.  Evidence suggests that with fire suppression, large brooms can break off a tree and accumulate near the base (Arno 1988, Bradley et al. 1992).  Fuel accumulation near the tree bole increases the potential of tree mortality during otherwise light burns (Crane and Fischer 1986).  When brooms fail to self-prune along with other branches, they may serve as a fuel ladder leading to crown fires (Koonce and Roth 1980, 1985).  In either case, the increased resin may contribute to flammability.

Prescribed burns are scheduled at Crater Lake and Grand Canyon National Parks over the next few years with the goal of restoring old-growth ponderosa pine stands to a more historic condition. Several stands scheduled for burning are heavily infected with dwarf mistletoe. The planned burns provide the opportunity to make before-and-after measurements to determine the effects of brooms on fuel characteristics, fire behavior and tree survival.  These data will be the basis for guidelines to allow fuel reduction while enhancing tree survival. 

METHODS: 

Sites: Study sites occur in the Deschutes and Kaibab National Forests, and in Crater Lake and Grand Canyon National Parks. Fire histories are known for each site. Plots in the Grand Canyon NP coincide with dwarf mistletoe plots established in the 1950s and currently designated for fuel treatment. Plots in Crater Lake NP will occur in areas of mixed conifers dominated by mature ponderosa pine scheduled for prescribed burning. Plots in the Deschutes National Forest will be on islands amid 6000 year-old lava flows where fire suppression is the only evidence of management.

Fuel composition: Ground and aerial fuels will be inventoried relative to differing infection and brooming levels among plots. Inventories will measure biomass/m2 using the methods of Brown et al. (1982). Fuel loading will be measured in stands of known fire history so fire frequency and intensity can be related to differences in fuel quality and quantity.  Factorial multivariate analysis of covariance (MANCOVA) will be used to evaluate differences in fuel loading relative to infection.

Fuel loads within 15m of individual ponderosa pine trees will also be measured for trees growing under a variety of infection and brooming levels.  These trees will be monitored during and following prescribed burns to record outcomes for individual trees relative to differences in infection.

Broom age and size: Branch/broom size measurements and pairs of increment cores taken from the broom/branch base will be the basis for determining age-size relationships in broom development. Infection ratings (Hawksworth 1977, Tinnin 1998), branch height and size, tree diameter, and stand density will be measured relative to each sample tree. An increment core from the base of the bole will provide tree age and patterns of growth (suppressions and releases) related to branch development. Standard dendrochronological techniques with cross dating will be used (Stokes and Smiley 1968), and associated tree species, such as true fir, will serve as controls for filtering out extraneous effects.

Hierarchical regression will be used to control for branch height, tree age, and stand density while examining the relationship between broom diameter and age. Separate regression models will determine which variables are the strongest predictors of biomass for the different broom/branch types.

Broom persistence:  Living and dead brooms/branches will be cored to obtain an estimate of broom versus healthy branch persistence. The relationship between broom volume and age will be assessed using repeat photographs from long-term study plots in Grand Canyon National Park. Factor analysis and structural equation modeling will identify underlying constructs affecting broom development.  

Broom flammability: To determine broom/branch flammability, 10 samples of each branch type will be collected from the Deschutes National Forest, oven dried and then burned under controlled conditions in a burn chamber (Mutch 1970, Taylor and Fonda 1990).  The four components of flammability (ignitability, combustibility, sustainability, and consumability), will be characterized (Martin et al. 1994). These four components will be measured by flash-point temperature, flame height, time between ignition and flame extinction, and the percent of tissue consumed by the fire respectively. Increment cores of fixed volume from each branch type will be burned to determine differences due to variation in cell structure or density. Factorial analysis of variance (ANOVA) will identify differences in flammability relative to branch type.  

Prescribed burning: Prescribed burns will follow established protocols. Bole temperatures of infected/healthy trees will be monitored using temperature probes and data loggers. Flame height and duration will be monitored.  Mean temperature, maximum temperature, flame height and time until extinction will be compared among infestation levels by MANCOVA.

Fuel consumption: Fuel inventories will be repeated under selected trees following each burn to determine differences in fuel consumption. These differences will be compared among trees of different infection level, while holding stand density, tree age and size constant using MANCOVA. 

Post-fire mortality: Data on tree size, age, mistletoe infection level, broom volume, live crown ratio and stand density will be measured prior to prescribed burns for the same trees that undergo intensive fuel inventories. Patterns of survival and vigor following the burn will be evaluated in light of data obtained before and during the burn.

MEASURES OF SUCCESS: 

Standard of Success:  The project will be considered a success when the effects of mistletoe infection on fire behavior and fire induce mortality are accurately quantified, and when useful guidelines for effective use of fire as a management tool among infected trees have been developed and tested.

Expected Outcomes:  

1. Tools to predict witches’ broom development and age. 

2. Tools to manage fire behavior and reduce risk to trees of value in stands with mistletoe.  

3. Preliminary model of the relationship among mistletoe infection, stand structure and development, and fire to inform management decisions.    

Implementation of Products/methods:  Findings will be summarized and distributed as a Forest Service report. Technical information will be made available in refereed journal articles. A keyword set describing the hazard rating system will be provided to managers so the effects of mistletoe can be considered using the Forest Vegetation Simulator and its extensions.  

PRODUCTS AND DUE DATES:

2004: Complete data sets available for inclusion in FFE/FVS and FSVeg.  

2004/2005: Preliminary guidelines developed and tested.

2005: Regional reports written, corrected guidelines written and draft journal article(s) submitted.

PUBLICATIONS: Results will be submitted for publication in refereed journals and as formal R3 and R6 FHP reports.
TECHNOLOGY TRANSFER:  Tools, methodologies and guidelines will be available to land managers, FHP specialists, silviculturalists and researchers as reports, papers and technical presentations throughout the service areas. 

PRODUCT LEVERAGING: This project takes advantage of several opportunities and interfaces with several other projects. The prescribed burns to be conducted by the National Park Service provide opportunities to observe fire behavior in response to infected, old-growth ponderosa pine. Forest Research has been monitoring infestation dynamics and stand development at the Grand Canyon site for about 50 years. Data from that work has been used in developing, refining, and testing the Dwarf Mistletoe Impact Model (extension of FVS). That work will be extended into a new phase by what we propose here. Our findings will contribute to development of both mistletoe (DMIM) and fire (FFE) extensions of the FVS.  Our work with broom development will also be of direct application to studies of wildlife use of brooms as nesting, resting, or roosting habitat.

LONG-TERM BUDGET REQUEST: 

	
	Item
	Requested FHP STDP Funding
	Other-Source Funding
	Source

	FY 2003
	
	
	
	

	Administration
	Salary
	
	$26,000
	FHP, RMRS, NPS

	
	Overhead
	$2,970
	$5220
	FHP, RMRS, NPS, PSU

	
	Travel
	$2,000
	
	

	Procurements
	Contracting, fed
	$14,500
	
	

	
	Contracting, PSU
	$48,526
	
	

	
	Equipment
	
	$2,500
	FHP, RMRS, NPS, PSU

	
	Supplies
	
	$500
	FHP, RMRS, NPS, PSU

	YEAR TOTALS
	
	$67,996
	$34,220
	FHP, RMRS, NPS, PSU

	FY 2004
	
	
	
	

	Administration
	Salary
	
	$26,000
	FHP, RMRS, NPS

	
	Overhead
	$3,420
	$5,040
	

	
	Travel
	$2,000
	
	

	Procurements
	Contracting, fed
	$17,000
	
	

	
	Contracting, PSU
	$42,447
	
	

	
	Equipment
	
	$1,500
	FHP, RMRS, NPS, PSU

	
	Supplies
	
	$500
	FHP, RMRS, NPS, PSU

	YEAR TOTALS
	
	$64,867
	$33,040
	FHP, RMRS, NPS, PSU

	FY 2005
	
	
	
	

	Administration
	Salary
	
	$26,000
	FHP, RMRS, NPS

	
	Overhead
	$2,880
	$4,860
	FHP, RMRS, NPS, PSU

	
	Travel
	$1,000
	
	

	Procurements
	Contracting, fed
	$15,000
	
	

	
	Contracting, PSU
	$17,128
	
	

	
	Equipment
	
	$500
	FHP, RMRS, NPS, PSU

	
	Supplies
	
	$500
	FHP, RMRS, NPS, PSU

	YEAR TOTALS
	
	$36,008
	$31,860
	

	PROJECT TOTAL
	
	$168,871
	$99,120
	


LONG-TERM BUDGET REQUEST EXPLANATION: 

Contracting includes agreements for transfer of funds to Portland State University, the National Park Service, and the Rocky Mountain Research Station for their chargeable costs in temporary salaries, benefits, travel, equipment, and supplies. Travel represents expenditure by FHP staff for planning, fieldwork, and reporting results. Administration salary from other sources is the salary contribution of federal professionals on the project. Equipment and supplies from other sources includes use of equipment (mostly forestry tools) and supplies provided by participants. Overhead is calculated as 18% of federal expenses. Overhead for PSU is 42% and included in the contracted amount. The budget does not include the contributed expenses associated with prescribed burns.

BENEFITS: This project will help strengthen our ecological understanding of mature ponderosa pine forests with dwarf mistletoe as an important stand component. Land managers will be able to more accurately predict tree growth and fire behavior in these stands. This project represents a partnership among R6 and R3 Forest Service, Rocky Mountain Research Station, National Park Service, and Portland State University under leadership from Forest Health Protection. Benefits to the FHP STDP include innovative technology development, management guidelines, and assessment.
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