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Identifying reference conditions for forests, fuels, and fire regimes in southwestern mixed conifer forests in Guadalupe Mountains National Park, Texas

Background and Problem

National Park Service policy directs managers to maintain natural environments that evolved with natural processes as opposed to processes that are associated with human action. A major stumbling block for managers implementing this policy is the need to identify a natural reference to both evaluate existing conditions of fuels and forest communities and to identify process and structural goals for restoration to natural conditions.  Removal of fire from southwestern mixed conifer forests for nearly a century has caused an increase in forest density, an increase in live and dead forest fuels, a compositional shift towards more fire intolerant species, and an increase in severe fire behavior.

It is clear that fire was a keystone process in the Guadalupe Mountains during the presettlement period and that removal of fire has caused significant and widespread changes in reeftop forests. Staff of Guadalupe Mountains National Park invited Dr. Alan Taylor to visit the park on May 14-18, 2001 to spend time in the reeftop and offer his views about what steps NPS could take to better understand the role of fire and its effects on forest ecology and fuels. Appendix 1 is a summary of Dr. Taylor’s observations. This proposal is an outcome of that visit.    

Dr Taylor concluded that what is lacking is sound quantitative data on pre fire suppression reference conditions. Reference conditions should include data on pre fire suppression fire regimes and the structure and composition of presettlement forests at both the stand and landscape scales. These data are essential for developing a sound scientific basis for decisions to manage these forests in a more natural, or pre fire suppression condition, as mandated by National Park Service policy. Without quantitative data on pre fire suppression fire regimes and forest conditions, management objectives will be speculative at best because there is no accurate set of ecosystem processes (fire) or conditions (forest structure and composition and fuels) that can be used to identify and evaluate appropriate treatments and goals for park resource management activities. Key fire regime parameters that need to be quantified include the return interval, size, seasonality, severity, and fire rotation of pre fire suppression fires. Pre fire suppression estimates of forest composition, size structure, age structure, spatial pattern, and basal area need to be collected in conjunction with any fire history study. Both types of data are essential for understanding how we got where we are today and where we need to go.

Mangers in Guadalupe Mountains National Park need solid reference conditions for fire, forests, and fuels to guide their management activities, and a focused study can provide them with these data so they can move their program forward on a sound scientific basis. A study designed to provide quantitative data on reference conditions for reef top forests would be straightforward. Quantitative data on pre fire suppression fire regimes and forest conditions would require both detailed field data collection on forest structure and composition, fire scar collection and dating, fuel conditions, and an analysis of landscape scale vegetation changes from time sequences of aerial photographs. Integration of the results of these different methodological approaches for identifying reference conditions would provide the solid foundation managers need to restore forests to more natural conditions.

Objectives

Available data on pre fire suppression forest conditions and fire regimes in Guadalupe Mountains National Park are not sufficiently precise to establish appropriate goals for reintroducing fire as a process to the highly altered southwestern mixed conifer forests. Consequently the objectives are:

1) Quantitatively describe the fire regimes (frequency, return interval, size, fire rotation, severity, season) for the presettlement (pre 1850), settlement (1850-1904), and suppression periods (1905-present) in southwestern mixed conifer forests in Gualalupe Mountains National Park.

2) Determine how fire regimes vary along major environmental (topographic) and forest compositional gradients in mixed conifer forests in Gualalupe Mountains National Park.

3) Determine the pre fire suppression forest characteristics (basal area, density, and size structure) and fuels conditions of southwestern mixed conifer forests in Guadalupe Mountains National Park at plot and landscape scales.

Reference conditions identified in this project will be used by fire and resource managers for building a science-based program that uses prescribed fire as a tool for restoring southwestern mixed conifer forests in Guadalupe Mountains National Park to a more natural condition.

Personnel

The work will be completed through a cooperative agreement between the National Park Service and The Pennsylvania State University. NPS staff and the cooperator will work closely together on the project. The NPS General Technical Representative (GTR) will have overall project coordination, and Guadalupe Mountains will assign a staff member to coordinate arrangements within the park. The cooperator brings the ability to conduct the field work, analyze data, and prepare a professional report.

Key contacts are:

The Pennsylvania State University

Dr. Alan Taylor, Principal Investigator

Professor of Geography

The Pennsylvania State University

302 Walker Building

University Park, PA 16802

Tel. 814 865-1509; Fax 814-863-7943

aht1@psu.edu

PhD graduate student

Department of Geography

The Pennsylvania State University

302 Walker Building

University Park, PA 16802

National Park Service
General Technical Representative

Richard Gatewood 

Big Bend National Park

P.O. Box 129

Big Bend National Park, T 79834-0129

Ph 915-477-2510; Fax 915-477-2365

Richard_gatewood@nps.gov

Park Contact

Fred Armstrong, Natural Resources Manager  

Guadalupe Mountains National Park

HC 60, Box 400

Salt Flat TX  79847-9400

915-828-3251 x 251; Fax 915-828-3269

fred_armstrong@nps.gov
National Park Service Contribution and Participation

Estimated cost of NPS contributions and participation exceeds $5,000 annually. The following direct and indirect contributions have been agreed on by the cooperator and the National Park Service  (Guadalupe National Park-GUMO) to support this project: 1) GUMO will contribute $5,000 in both FY 2003 and 2004; 2) GUMO will provide housing for two months annually to the cooperator and his field assistants in the Ship on the Desert Research Facility and in the reeftop cabin; 3) GUMO will provide logistics support  to transport the cooperators’ food and water to the cabin and/or field camps for long stays in the reeftop and to move fire scarred cross-sections on pack animals from the field to headquarters area ; 4) GUMO will contribute the appropriately trained staff to extract fire-scarred wood samples in the field;; 5) GUMO staff  will contribute time and support to orient the cooperator to Guadalupe Mountains National Park through discussion, field visits, and access to literature; 6) GUMA staff will review draft and final reports in the timeframe as agreed with the cooperator. 

Methods and Approach

Two summers of field work (May to July; before the monsoon season) will be conducted in the reeftop to gather information to determine reference conditions. Lab and office data analyses will be done in the park as well as in Penn State to interpret data and complete reports. Briefly the methods are described below:

1) Contemporary Forest Structure and Composition

Variation in forest composition by elevation, slope aspect, and slope position will be determined by first stratifying the study area by elevation and slope aspect and then proportionally distributing 400 m2 in each strata using random plot placement. In each plot, all stems (live and dead) > 5.0 cm diameter at breast height (dbh) will be measured (dbh) and the elevation, slope aspect, slope configuration, and topographic position of each plot will be recorded. The diameter (dbh), species, and decay class of any log rooted in the plot will also be recorded. The last four variables will used to calculate each plots TRMI, a measure of potential soil moisture based on topography that ranges from 0 (xeric) to 60 (mesic).

2) Pre fire suppression forest reconstruction

Reconstruction of pre fire suppression forest structure and composition will be based on data collected from the contemporary forest plots. Reconstructions will be achieved by subtracting live and standing dead stems under a certain age from each plot and then subtracting diameter increment from older live stems and aged logs using radial growth measurements from the cores of aged pre fire suppression trees.  This procedure yields data on the composition, density, basal area, and size distribution of trees in each plot at the time of the last fire.

3) Fire Regimes

Fire regime parameters (i.e., return interval, season, extent, rotation, severity) will be quantified using four types of data: a) written records and aerial photographs for recent, b) fire scars in partial wood cross-sections removed from fire scarred trees, c) radial growth changes in trees, and d) age-class distribution of trees in plots. Fire scar samples will be identified in each stratum and removed from groups of 1-3 trees (live, standing dead, or downed) using a chain saw. Dead material will be used whenever possible to minimize the impacts of sampling. The location of each sample will then be determined with a GPS and recorded on a topographic map. Fire dates in each cross-section will then be identified by first sanding wood samples to a high polish and then cross-dating the annual growth rings with a nearby tree ring chronology. The calendar year for each tree ring with a fire scar in it will then be recorded as the fire date and the season of the fire will be determined from the position of the scar within the annual growth ring. These data will for the basis for estimates of pre fire suppression fire regime characteristics (frequency, return interval, size, fire rotation, severity, season).

Schedule of Tasks

The outline for tasks to complete this project is shown below:

Task







Proposed Work Schedule

Year 1

Acquire maps and aerial photographs and stratify study area
Jan. 1-May2003

Perform vegetation sampling




May-July 2003

Conduct field surveys to locate fire scar samples


May-July 2003

Perform vegetation analysis




August-December 2003

Submit progress report





April 2004

Give presentation preliminary finding to park staff

May 2004

Year 2  

Complete vegetation sampling




May-July 2004

Complete fire scar sampling




May-July 2004

Complete vegetation analysis




August 2004-April 2005

Complete fire scar dating




August 2004-April 2005

Complete development of reference conditions


August 2004-April 2005

Submit draft final report





May 2005

Submit final report





August 2005

Reports and/or deliverables

As shown in the schedule of tasks above the field work will be conducted each year before the monsoon and full analysis of the year’s work will be completed at Penn State University. Annual progress reports (including the NPS requirement of the Investigator’s Annual Report) will be submitted to the park.  Draft and final reports will be delivered.   

Budget
The budget displayed in Table 1 shows that the funds requested for the project over two and a half years is $96,000. It must be noted that this is a modest fund request and budget for complex work. Dr. Taylor is absorbing most of the principal investigator’s salary and overhead, which is a large in-kind contribution of $48,420.   Additionally, NPS (GUMO) is annually contributing $5,000 in direct support and additional support for housing, logistics, fire-scar sampling and other services. The $5000.00 contribution from GUMA is included in the current budget. The funds requested of $ 86,000 from the Fire management board are nearly equaled by in-kind contributions of over $58,420.    

Table 1 - Budget

Identifying reference conditions for forests and fire regimes in southwestern mixed 

conifer forests in Guadalupe National Park, Texas

Penn State University Requested Budget

GUMO
Monthly1






Base Amt.
YR 1
YR 2
YR 3
TOTAL

Salaries, Stipends and Wages






A. Taylor, P.I. @ 7% of time

$0 
$1,008 
$1,000 
$2,008 






$0 

Grad Student, grade 11, 50% of time, fa&sp

$6,579 
$13,389 
$6,810 
$26,778 

Wages (Category III)

$7,246 
$7,246 
$0 
$14,492 








Fringe Benefits




$0 

Faculty (Category I)
$0.25 
0
255
253
$255 

Graduate Assistant (Category II)
$0.04 
283
576
293
$859 

Wages (Category III)
$0.08 
594
594
0
$1,188 

TOTAL SALARIES,STIPENDS,WAGES,BENEFITS
14,702
23,068
8,356
$46,126 






$0 

Materials and Supplies

$3,500 
$3,260 
$0 
$6,760 

Travel, Domestic

$8,000 
$8,000 
$0 
$16,000 

Total Modified Direct Costs




$0 

Graduate Assistant Tuition 

$3,540.00 
$7,295.00 
$3,755.00 
$14,590 






$0 

TOTAL DIRECT COSTS - PSU

$29,742 
$41,623 
$12,111 
$83,476 






$0 

Facilities and Administrative - PSU 15%

$4,461 
$6,243 
$1,817 
$12,521 






$0 

Total Requested including GUMO Contribution of $5,000/yrs 1 & 2

$34,203 
$47,866 
$13,927 
$95,997 








Penn State Cost Share (Dr. Taylor)

24,477
23,943
0
48,420

GUMO Contributed Costs

5,000
5,000
0
10,000

Total Contributed

29,477
28,943
0
58,420















Total Cost of Project

$58,680 
$71,809 
$13,927 
$144,417 








Appendix 1.  Conclusions from Dr. Alan Taylor based on a field trip to Guadalupe Mountains National Park May 14-18, 2001.

I think our four day trip to Guadalupe Mountains National Park (GUMO) was very successful and it gave me a clear picture of the challenge managers face in using fire to maintain and/or restore high elevation mixed conifer forests in Guadalupe Mountains to a more natural condition. I have now also read background material on land use history and fire history for mixed conifer forests in GUMO (Ahlstrand 1981, report on file at GUMO) and the Sacramento Mountains in the Lincoln National Forest (Kaufman et al. 1998 USDA For. Serv.  RMRS-GTR-19; Brown et al. 2001 EcoScience 8:115-126) that are north of GUMO (80 miles). Based on these studies, and our own field reconnaissance, I have reached the following conclusions about what we do and do not know about pre fire suppression fire regimes and forest conditions in the mixed conifer zone in GUMO:

· Fire was a keystone process in the mixed conifer forests of GUMO and it had a profound effect on forest structure, forest composition, and forest development. Fires that burned in the mixed conifer forests also undoubtedly burned in adjacent woodlands and affected the structure and composition of vegetation types too.

· Prior to about 1850 low severity surface fires burned through mixed conifer stands about every 13 years with fire return intervals as short as every two years and as long as every 45 years.

· Fire free intervals began to lengthen in the mid 19th century after European settlement probably due to livestock grazing which reduced fine fuels and perhaps due to the departure of the Mescalero Apache. The last widespread fire in the mixed conifer forests of GUMO was in 1922 (excluding late 20th century wildfires and prescribed burns).

· Fires in the presettlement period burned mainly (>65%) in the dry season (April-June) before trees broke dormancy, or during the early part of the growing season.

· The extent of presettlement fires was highly variable and they were apparently smaller before 1800 than after 1800. Large fires have occurred since 1800 and they seem to have burned during dry years that were preceded by two wet years. This wet-dry pattern is associated with large fires in the Sacramento Mountains and throughout the southwest. Presumably, fine fuel production is higher during wet years which then foster large fires during the following dry year. This fire area pattern is caused by large scale variation in oceanic and atmospheric circulation (El niño/La niña). Based on fires recorded on 49 samples in a 1700 ha area for the period 1800 to 1922, Ahlstrand (1981) estimated that the average large fire burned 623 ha and the range of large fires for this period was 288-1032 ha. Two of these large fires burned in years (1847, 1879) when large fires also burned in the Sacramento Mountains. Ahlstrand's (1981) fire area estimates, however, are based on a sparse sampling network so his large fire area estimates need to be interpreted very cautiously.

· Stands of contemporary and presettlement mixed conifer forests are not uniformly distributed on the top of the reef and they are compositionally variable. Dominant species in mixed conifer forests are Douglas-fir, ponderosa pine, southwestern white pine, and gambel oak. Slope aspect and elevation appear to strongly influence species composition in these forests, and in pinyon-juniper woodland on the reef. Pinyon-juniper woodland occupies mainly dry south facing slopes while mixed conifer forests occupy more mesic sites. Alligator juniper and pinyon pine are the dominant trees in pinyon-juniper woodland. In the mixed conifer forest, Douglas-fir and southwestern white pine are most abundant on mesic north facing slopes and in valley bottoms sites while ponderosa pine and gambel oak are dominants on drier sites. There is considerable variability, however, in the mixture of species throughout the area. Since the terrain on top of the reef is complex, there is a mosaic of mixed conifer forest and pinyon-juniper woodland on top of the reef.

· Elimination of fire from the top of the reef since the late 19th or early 20th century appears to have caused significant changes in the structure and composition of mixed conifer forests and pinyon juniper woodland. On mesic mixed conifer sites, dense thickets of Douglas-fir <20 cm dbh, and some southwestern white pine, have established beneath a mixed canopy tall, large diameter stems (emergents) of southwestern white pine, ponderosa pine, and scattered Douglas-fir. Emergent trees were widely spaced and some had growth forms (wolf trees) suggesting that they established under open conditions. Some thinning has occurred in the understory thickets and this has increased fuel loads (small diameter dead standing and downed stems) and thinning will continue and could accelerate due to mistletoe. Presumably, understory trees began to establish, and have continued to establish, due to lack of fire. However, I have seen no data on the age structure for mixed conifer forests in GUMO, and little from other mixed conifer forests elsewhere in the southwest that shows when thickening began or how closely the onset of thickening is tied to fire suppression, or other factors, such as grazing and/or climate variation that can initiate vegetation changes. 

· There is abundant evidence of presettlement fires in these stands. Emergent stems had multiple fire scars on them (mainly southwestern white pine) indicating that during the presettlement period low intensity surface fires burned frequently in them. The crowns of many of the younger trees in the understory now reach into the main canopy and could act as fuel ladders and spread fire into the crowns of overstory trees. An additional striking feature of these stands was the large number of dead standing snags of southwestern white pine in the emergent forest layer. These snags were present in all the stands I saw suggesting that the mortality was synchronous and widespread and caused by either an outbreak of insects or disease, climate change, or a combination of the two. Most snags appeared to be decades old (no attached bark or small branches). The mortality episode may have occurred between 1945 and 1966 that was a period of extreme drought that caused widespread tree mortality in other parts of the southwest. Insects, and forest thickening, may have contributed to mortality during the drought period. This explanation for overstory mortality, however, is speculative and would need to be tested. Nevertheless, the loss of overstory pine in combination with the dense understory of mainly Douglas-fir is accelerating change to Douglas-fir dominance in these forests. Moreover, these changes in forest structure have considerably increased the risk of moderate to high severity fire compared to the presettlement period

· Similar forest changes were also evident on drier mixed conifer forest sites. Ponderosa pine and gambel oak are the canopy dominants on these sites but Douglas-fir and southwestern white pine do occur in low numbers in some stands. Thickets of Douglas-fir, ponderosa pine and some southwestern white pine have also established in the understory of these stands but the most xeric stands are still relatively open. Overall, understory stem density was more variable than in mesic stands. Presumably, understory stems began to establish after fire suppression but there are no age data to confirm this interpretation. Understory stems in these forests were shorter and smaller in diameter than stems on mesic sites, but they are tall enough to reach the crown base of main canopy stems. These forest structural changes increase the risk that fires will be moderate or high severity burns instead of low severity surface fires that prevailed during presettlement times. Moreover, the compositional changes indicate that trees that sprout after fire (gambel oak) and that resist fire (ponderosa pine) are being replaced by more fire intolerant (when young) Douglas-fir. The overall affect of fire suppression on mixed conifer forest in GUMO has been to reduce the structural and compositional diversity of mixed conifer forests at both stand and landscape scales and to increase the risk of moderate and high severity fire compared to presettlement times.

· Elimination of fire appears to have caused changes in the structure and composition of pinyon-juniper woodland occupying dry south facing slopes. Grasses, forbs, stem succulents, and leaf succulents occupy the ground layer, and alligator juniper and pinyon pine are the primary species in the tree layer. Ponderosa pine and gambel oak, however, are present in some areas. The presettlement woodland on these slopes appears to have been very open. Trees with large diameters that probably established during the presettlement period are sparsely distributed across the slopes and fires during the presettlement period presumably contributed to the open nature of these stands. Seedlings, saplings, and small diameter pinyon and juniper are now widespread on many slopes and these stems probably established after fire suppression and this has resulted in a large increase in stand density. At the present time there are no stand age data for pinyon-juniper woodlands that validate this interpretation of forest change due to fire suppression. Presettlement fire regimes and fire effects in pinyon pine-juniper woodland are poorly known but mean fire return intervals of 25-30 years for stands in the Sacramento Mountains suggest that fires are less frequent than in  mixed conifer forests. Fire regimes in reef top pinyon pine-juniper woodlands may be atypical, however, because the stands are small and surrounded by more fire prone mixed conifer forests. Fire could be a process that connects mixed conifer and pinyon-juniper woodland but low fine fuel production in the woodlands could also check the spread of fire across the landscape.
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