Project title: Fire history of Capulin Volcano National Monument

Subject: Research proposal for reconstructing the fire history of Capulin Volcano National Monument

Principal Investigator: Richard Guyette1 
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Partners: Gary Willson. Research Coordinator for the Great Plains Cooperative Ecosystem Studies Unit and Acting Research Coordinator for the Upper and Middle Mississippi Valley Cooperative Ecosystem Studies Unit will be substantially involved in the project through assisting the PI in fieldwork and review of project reports.  This project will be a task agreement with the Upper and Middle Mississippi Valley Cooperative Ecosystem Studies Unit funded by the Great Plains CESU that has committed $10,000 in matching funds to the project. School of Natural Resources, 314A Biochemistry Hall. University of Nebraska – Lincoln, Lincoln NE 68583. Tel: 402-47-25047.  Email: gwillson2@unlnotes.unl.edu

Project Summary: Fire history information underlies many of our land management decisions, natural resource policies, and understanding of ecosystem processes.  The determination of Condition Classes for Fire Management Plans requires information on Reference Conditions.  This study will document the fire regime at Capulin Volcano National Monument over the last three or more centuries.  Dendrochronologically dated fire scars will provide for the data and analysis of the frequency and extent of wildland fire.

Introduction


Quantitative fire history and disturbance information underlies many of our land management decisions, natural resource policies, and understanding of ecosystem processes.  The long-term patterns of disturbance influence where individual species occur and how natural communities function.  At multiple sites throughout North America we previously reconstructed the historic fire regimes from fire scars on tree-rings (Guyette and Spetich 2003, Guyette et al. 2003a, Guyette et al. 2002, Dey and Guyette 2000).  Results of these studies provide information about how fire frequency has changes over long time periods and by physical features of the site such as slope, aspect, elevation, and topographic roughness.  Fire history studies are becoming increasingly used to guide prescribed burning practices (USDA Forest Service 1986) and to develop specific prescribed burning management objectives (USDA Forest Service 2002, Guyette and Stambaugh 2002, Guyette et al. 2003b, Guyette and Stambaugh 2003).  


Much of North America has limited potential for understanding the long-term role of fire because historic fire evidence is unavailable, fire scarred materials have been removed, or forest stand age and composition are too complex for extraction of historic information.  In New Mexico, over 40 fire histories are documented on the International Multiproxy Paleofire Database administered by the National Oceanic and Atmospheric Administration  (http://www.ngdc.noaa.gov/paleo/impd/).  Although this is a relatively abundant number of fire history records, high between site variability can exist in fire frequency due to elevation, aspect, geographic location, and historic human occupancy.  High between site variability precludes managers using information from other studies and underlines the importance of site-specific fire history information.  Few fire histories exist in the northwestern one-quarter of New Mexico.  The Cerro Padernal fire history site on the Santa Fe National Forest (Touchan et al. 2003) in one of the nearest sites (about 100 miles to southwest) and extends into the late 14th century AD. 


A limited fire history study has been done at Capulin Volcano National Monument (Ahlstrand 1979).  This consisted of a dendrochronological analysis of a single cross-section and cores from four trees. The investigator was in doubt as to the identity of some of the dated injuries and the dating accuracy was plus or minus two years. Primarily, the small sample size, both in the number of trees and scars, make this fire history inadequate.  In addition, there are inherit problems with using the coring technique on trees with narrow rings, missing rings, and multiple scars that cast some doubt on the true length of the intervals found in this study.  In addition, the unknown spatial distribution of the fire scars brings into question meaning of the fire interval.  Thus, we propose sampling many more trees, using cross dated cross-sections from dead wood and snags, wedges from live trees, and using cores only with single and recent scars. In addition, we would attempt to locate the cross-section used in the previous study and incorporate it into our data set. 
Reconstructing the fire history will illuminate the fire event calendar dates and fire return intervals specific to Capulin Volcano.  We propose to reconstruct the fire history of Capulin Volcano National Monument by dating fire scars to exact years, and possibly seasons, using standard dendrochronology (tree-ring) and crossdating methods.  

The objectives of the study are to:

1) construct a chronology of fire scar occurrence spanning several centuries

2) present summary statistics on the frequency and occurrence of fire at various temporal 
periods and spatial extents, and 

3) analyze the frequency and intensity (percent of trees scarred) of historic fires by 
aspect, slope, elevation, and climate. 

Methods

Data collection

Study site location will include the entire Capulin Volcano National Monument.  We will sample dead remnants of ponderosa pine (Pinus ponderosa) that exhibit both presence of fire scars and age.  Twenty to forty sample trees will be collected.  Cross-sections up to 30 cm thick will be taken at or near ground level or the fire scarred “cat face”, transported, dried, and surfaced to reveal the cellular detail of the annual rings.  Partial wedges will be taken from a limited number of live trees for the purpose of adequately representing the fire history of the 20th and 21st centuries.  Transportation of cross-sections at the study site will be done by foot, truck, and possibly ATV (with Park permission).  Cross sections will be oriented as to slope and cardinal direction.  Scar size, number, and orientation will be recorded.  Trees used for collection of cross-sections will be geographically referenced using a GPS unit.  The adequacy of sample quality will be assessed by visual inspection of basal wounding and the fire scar “cat face”, number of tree-rings present, and external tree condition and architecture.      
  

Data Analysis


Each cross-section and core will be cross-dated using dendrochronological methods and dating will be verified using statistical methods (Baillie 1982).  Annual growth increments and fire scars will be dated using dendrochronology, a method that uses tree-ring variation caused by climate to date annual growth.  Samples will be prepared by sanding their surface to a high polish (e.g., 600 grit sandpaper).  Annual rings will then be measured to an accuracy of 0.01 mm using a moving stage with an electronic transducer and binocular microscope.  Visual matching of ring-width series plots and signature years will be supplemented by statistical analysis. Tree-ring measurements will be imported into COFECHA (Holmes et al. 1986), a program that checks the accuracy of dating and aids in quality control of measurements.  Fire history crosssections will be absolutely dated using ponderosa pine tree-ring chronologies in the nearby geographic region available from the International Tree-Ring Data Bank (http://www.ngdc.noaa.gov/paleo/ftp-treering.html).

Fire scars will be assigned to the calendar year of the first year of growth response to the fire injury (e.g., callus tissue, cambial death).  Using FHX2 software (Grissino-Mayer 1996), we will develop the fire chronology and analyze fire scar years.  Mean fire return intervals and descriptive statistics will be computed for both the composite and individual tree mean fire intervals.  We will construct a composite graph of fire scarring years.  Fire scars will be identified and dated to the year and season.  Fire scar data will be analyzed at two spatial scales, individual tree and landscape.  Regression techniques will be used to describe the relationship between slope and elevation and fire intensity (i.e., percent trees scarred).  Circular statistics will be used to test for significant differences in scarring frequency by aspect.  The Missouri Tree-Ring Laboratory (MTRL) at the University of Missouri has expertise in cross-dating, dendroecology, facilities for sample storage, equipment for sample surfacing, ring measurement, and fire scar dating.  Web search The Missouri Tree-Ring Laboratory for further information. 

Project schedule

The duration of this project will be 2 years beginning from the award of support. The first year’s tasks include the collection of fire scarred wood and site data, the surfacing and cross dating of the tree rings, the identification of fire scar years, and the compiling of the fire scar data. The first years report will include a narrative of the progress and a graphic summary of the fire scar data, photos of sites and specimens.  The second year’s task will include a site analysis of the fire occurrence data, an analysis of fire occurrence and climate, an analysis of any human-fire relationships, an a final report including an introduction, methods, results, and conclusions. 
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Budget Justification
A,B. SALARIES, WAGES, AND FRINGE BENEFITS:  The investigators generate their salary through grants and contracts.  The grant/contract will cover part of the salary costs for the principal investigator, a research associate (RA), and a part-time research technician (RT) ($10/hour).  Fringe benefits are calculated as 27.65% (year 1) and 30.88% (year 2) of the PI and RA’s salaries, and 7.65% for others.

C. SUPPLIES:  Surfacing of samples to reveal the cellular detail of the wood is necessary for cross dating and fire scar identification. Equipment used for the collection and preparation of samples includes: chainsaws, chainsaw replacement parts, chains, chainsaw safety accessories, saw maintenance, sandpaper, hand planer, planer replacement belts, and planer blades.  

D. TRAVEL:
Domestic (collection)- Travel is limited to the Capulin Volcano National Monument and surrounding area relative to the fire history research project.  One collection trip including return mileage is approximated at 1700 miles.  The travel budget is developed for up to 33 person days.  

E. PUBLICATION:  We will publish an agency report pertaining to the findings and implications of our results under this project.  In addition the results will likely be presented at a professional conference and submitted to a scientific journal for publication.

Budget (US dollars) Capulin Volcano National Monument Fire History
	
	
	
	

	
	Year 1
	Year 2  
	Total

	PI salary
	 $     2,500 
	 $     2,500 
	 $   5,000 

	RA salary
	 $     2,500 
	 $     2,500 
	 $   5,000 

	RT - part time
	 $       400 
	 $       400 
	 $     800 

	FB @ 27.65%
	 $     1,383 
	
	 $   1,383 

	FB @ 30.88%
	
	 $     1,544 
	 $   1,544 

	FB @ 7.65%
	 $         31 
	 $         31 
	 $       61 

	SW/FB
	 $     6,813 
	 $     6,975 
	 $ 13,788 

	Supplies
	 $       471 
	
	 $     471 

	Travel
	 $     2,500 
	
	 $   2,500 

	Publication
	
	 $       200 
	 $     200 

	TDC
	 $     9,784 
	 $     7,175 
	 $ 16,959 

	F&A @ 17.5%
	 $     1,712 
	 $     1,256 
	 $   2,968 

	Total Request
	 $   11,496 
	 $     8,430 
	 $ 19,926 

	
	
	
	


*Note: The Great plains CESU has

committed $10,000 of the $19,926 requested.
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