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Abstract

This proposals addresses the impacts of fuel breaks or defensible fuel reduction zones on invasion of alien plant species into wildland areas representing diverse fuel types, including shrublands, woodlands and conifer forests. It will investigate this potential impact on Federal (BLM, NPS, and USFS), state (CDF) and local jurisdictions throughout California and has multi-agency cooperation and support. There are three objectives: 1) To inventory current floristic composition of fuel breaks in southern California, the central coast, the north coast and the Sierra Nevada and relate patterns of alien plant distribution to fuel break parameters, including construction age, past maintenance, vegetation modification treatment, proximity to roads, and other environmental variables.  2) Intensively sample belt transects perpendicular from fuel breaks into surrounding vegetation to determine the extent to which fuel breaks may act as source populations for the invasion of wildland areas. This sampling will focus heavily on areas that have experienced fires within the last decade, as this is likely to be the time ecosystems are most sensitive to the invasion process. 3) To educate resource managers on the potential problems of invasive plants, both in terms of displacing native vegetation and altering fire regimes, and on how fuel manipulations may be planned to minimize these impacts on natural landscapes.

___________________________________
       ______________________________________

Jon E. Keeley, USDI/USGS Research Ecologist
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______________________________________

Jan Beyers, USDA/USFS Forest Ecologist

Introduction

Project Justification

Invasive species are of particular global concern because novel introductions of both plants and animals pose both an economic and ecological threat in most parts of the world. Invasive species are an increasing concern to U.S. federal resource managers in both the Department of Interior and Department of Agriculture. For example, USDI National Park Service Policy (2001) states that "exotic species will not be allowed to displace native species if displacement can be prevented.” Of particular concern to resource managers is the fact that more and more we are seeing emphasis on local responsibility for monitoring and control of alien species.  This is well illustrated by the USDA Forest Service directive on noxious weed management (U.S. Forest Service Manual 1995), which specifies that the district ranger has primary responsibility for "determining the risk of noxious weed introduction or spread as part of the NEPA process for proposed actions, especially for ground-disturbing and canopy-altering activities.  

Direct effects of fire on invasion of alien or exotic plant species are becoming increasingly evident, as discussed below. However, there are also reasons to suspect that pre-fire fuel manipulation techniques may exacerbate invasive weed problems, and a matter of some concern is the extent to which fuel reduction zones may act as source populations for subsequent weed invasion into wildlands following fire. 

Project Objectives

This project is relevant to RFP 2001-3, task 2 and proposes to investigate the role of fuel breaks on the plant invasion process and evaluate the potential for management activities that may mitigate this impact. Fuel breaks are a good model system because the disturbance is localized along an area of defined width and thus, if weeds are present, represent discrete source populations for invasion into surrounding vegetation. Information gleaned from these studies will be applicable in terms of understanding the invasion process in other situations. For example, roadways share many features with fuel breaks and thus this study will provide indirect information on the role of roadways in the alien weed invasion process.

This project will consider both shrubland and forest types in southern, central, and northern California on lands managed by the USDA Forest Service, USDI Bureau of Land Management, USDI National Park Service, California Division of Forestry and Fire Protection, and Los Angeles County Fire Protection. It has three specific objectives. 

1) Inventory current floristic composition of fuel breaks in southern California, the central coast, the north coast and the Sierra Nevada and relate patterns of alien plant distribution to fuel break parameters, including construction age, time since last maintenance, vegetation modification treatment, proximity to roads, and other environmental variables (e.g., elevation, aspect, soil)  

2) Intensively sample belt transects perpendicular from fuel breaks into surrounding vegetation to determine the extent to which fuel breaks may act as weed source populations for the invasion of wildland areas. This sampling will be heavily focused on areas that have experienced fires within the last decade as this is likely to be the time most ecosystems are sensitive to the invasion process. 

3) To educate resource managers on the potential problems of invasive plants, both in terms of displacing the native vegetation and altering fire regimes, and on how fuel manipulations may be planned to minimize these impacts on natural landscapes. In particular, there will be attempts to develop management strategies that both accomplish fuel hazard reduction goals and still reduce the impact of fuel treatments on alien plant threats. 

Background

Increasingly it is apparent that natural fires and restoration fires are playing a role in stimulating the invasion of alien plants on many federal lands (Brennan et al. in press). For example, shrublands throughout the Great Basin have been the target of alien plant invasions, particularly cheatgrass (Bromus tectorum),and fire is clearly implicated in this process (Young and Evans 1977, Billings 1990). Not only has this invasion been demonstrated to displace native species, but there is strong evidence that the altered fuel composition has changed fire regimes (D'Antonio 2000). Similar invasions also have been documented for other shrubland ecosystems such as red brome (Bromus madritensis) invasion of Mojave desert ecosystems (Brooks 1999), and invasion by various annual alien brome grasses in chaparral shrublands of coastal California (Keeley in press). 

Historically, Western U.S. forests have not been highly threatened by invasive plant problems (Pierson and Mack 1990). However, there is increasing evidence that some of this may be a result of fire exclusion that has eliminated the natural disturbance regime. The current call for widespread understory thinning and fire restoration may change the invasive picture in these forested ecosystems. This is suggested by the significant inroads into the yellow pine forest type made by alien plants. For example, an alarming increase in cheatgrass has been noted in recent years in Kings Canyon National Park that is correlated with an active prescription burning program in these forests (Caprio et al. 1998, Keeley et al. in review). The rapidity and aggressiveness of this invasion has been sufficient to halt the prescription burning in parts of the park. Similar invasions of cheatgrass and other alien species have been reported following recent wildfires in ponderosa pine forests on the Mogollon and Kaibab Plateaus in central and northern Arizona (Griffis et al. 2001, Crawford et al. 2001).  In addition to cheatgrass, these latter studies reported an extraordinary diversity of alien species that were absent from unburned forests but readily colonized burned sites. 

An important factor favoring alien plant invasion is the degree of forest disturbance. Studies of high and low severity burns showed that invasives are favored when fires are of sufficient intensity to open the canopy and decimate the surface litter layer (Crawford et al. 2001, Keeley et al. in review). It is also apparent from these studies that alien plant establishment is through postfire colonization, most often by wind dispersal. Consequently, another factor that may be of primary importance is the proximity of alien plant propagules to recently burned or otherwise disturbed sites. Such focal points for invasive species have broad implications for landscape processes. For example, Turner et al. (1997) demonstrated the importance of landscape patterns of burning on postfire successional processes. One critical element is the perimeter to area ratio that affects the distance propagules must travel to colonize sites. In particular it was noted by Turner et al. (1997) that small burns had a greater probability of attracting non-native species because of the increased potential that perimeters with surviving alien populations were well positioned to invade a greater proportion of the burned site. Other factors such as roads are important because they are often sources of alien plants (Frankel 1970). 

To summarize, wildfires in forests and shrublands are increasingly linked to non-native plant invasion. Most of these invasives are herbaceous species, which form flashy fuels that increase the probability of ignitions and alter fire regimes, in addition to posing threats to the natural biodiversity (D'Antonio 2000, Keeley in press). Proximity of sources of invasive plant propagules appears to play a critical role in this invasion process 

Predicting how resource management practices will affect non-native plant invasion is an important first step in dealing with the invasive plant problem. In this respect, clearly any action that alters community structure and processes, e.g., increasing surface light levels or disturbing soil crusts potentially favors invasive plants (D'Antonio et al. 1999, Belnap and Philips 2001). Mechanical fuel manipulations have some of the same characteristics as fire in that they reduce shrub and tree canopies and create soil disturbances that are sites for alien plant invasion. Alien plant invasion in fuel manipulation zones is important for two reasons: the flashy fuels of many aliens may increase fire frequencies by extending the annual window of opportunity for ignitions, and they increase the proximity of alien populations to wildlands following natural or prescribed fires. 

This concern is of increasing importance across the Western U.S. because the Federal Wildland Fire Management Policy and Program  Review (1995) encourages reducing the threat of catastrophic fires by treating fuels with "mechanical, chemical, biological, and manual methods…" 

Fuel breaks or Defensible Fuel Reduction Zones (DFRZ) are a fuel manipulation technique that is often seen as an option when funding is limited and is likely to become increasingly attractive (Husari and McKelvey 1996, van Wagtendonk 1996, Weatherspoon and Skinner 1996). They comprise broad swaths of reduced fuels that break up landscape fuels and allow for better fire suppression access. They vary in the amount of overstory left within what are sometimes referred to as "shaded fuel breaks" (Agee et al. 2000). The primary motivation is to reduce woody fuels and replace them with herbaceous species that present a lower threat to fire fighting activities. All fuel breaks increase light levels and soil disturbance, factors necessary for establishment of most invasive alien plants. In addition, continued fuel break or DFRZ maintenance activities have the potential for perpetuating invasive species in a new quasi-equilibrium. Given sufficient time most fuel breaks eventually harbor alien species and in some regions may be dominated by alien plants, particularly annual grasses (Giessow and Zedler 1997, Keeley personal observations, Mike Foster Appendix I). In addition, fuel breaks either fail to carry fire or if burned, generate substantially lower soil temperatures that enhance survivorship of alien seed banks (Keeley in press). In addition to providing sources of propagules for lateral spread into wildland areas, fuel breaks are important corridors for wildlife that may aid in the spread of alien species.

To fire managers strictly concerned with reducing fire hazard, the presence of increased non-native plants in DFRZs may be of limited importance. However, from a total ecosystem management perspective fuel manipulation techniques are a matter of considerable concern if they represent threats to the conservation of native biodiversity. Fuel breaks are of particular interest because they can act as a source of invasion of adjacent ecosystems, particularly after fires, and their structural configuration may provide a large perimeter from which to colonize adjoining sites.

To summarize, DFRZ design may be a critical factor in future alien plant invasions because:

1) These disturbed zones act as establishment sites for invasive species

2) Depending upon their design they potentially could act as corridors for alien species invasion into remote wildland areas

3) These zones may act as source populations for alien establishment onto surrounding ecosystems following natural disturbances such as fire.

Methods and Study Sites 
Local field offices of agencies with wildland jurisdiction will be visited to request permission for our studies, inform them of our work, obtain information pertaining to fuel break manipulations and specifically maps of existing fuel break systems, and obtain address information for future communications and information sharing. 

Sites will be sampled during the growing season from February-April (southern California), May-June (central California), and July-August (northern California). 

Belt transects perpendicular to each fuel break visited will be sampled on both sides at 500 foot intervals from the origin nearest to a road corridor. Transects will be 3.28 ft (1 m) in width and extend from the middle to 328 ft (100 m) into surrounding vegetation. At  16.4 ft (5 m) intervals a 3.28 ft x 3.28 ft (1x1 m) quadrat will be sampled by recording species composition and estimating cover of individual species in classes from 1, 5, 10, 25, 50, 75, 100% ground surface covered. Soil and surface litter samples will be collected and pooled for each transect and later analyzed for litter mass, soil texture and pH.  Densiometer readings of canopy coverage will be taken at each sample point along the transects. Uncommon and unknown species will be collected for voucher specimens and later identification. The beginning and end of each site will be recorded using GPS, which will also be used for elevation determination. Slope aspect and inclination will be recorded. Notes will be taken on vegetation condition in the fuel breaks and adjoining vegetation. 
Analysis will involve a combination of parametric and non-parametric statistics. Preliminary analysis will examine distributions of variables and decide on the appropriate transformations and tests. Site variable correlations will be done with multiple regression on those variables with demonstrated independence and with simple linear regression for other variables. Regression lines of belt transect data will be generated for all invasive species (both absolute and proportion of total species), with slopes used as a measure of invasiveness. Site to site variation will be evaluated with multivariate CANOCO analysis.

Locations and Cooperators

Historically the fuel break technique has been used widely on USDA Forest Service and USDI Bureau of Land Management lands throughout California (Brown and Show 1944, Clar 1959, 1969, Bentley et al. 1962, Watershed Resources Advisory Commission 1974, Gutierrez 1979, Salazar and Gonzalez-Caban 1987, Gomes et al. 1993, Omi 1996). The California Department of Forestry and Fire Protection has also maintained an active program in fuel break construction (Davis 1965), as have the California State Parks (Gaidula 1976). In some high fire hazard regions, local jurisdictions have also been active; for example the Los Angeles County Fire Department has long had an extensive system in place and currently maintains much of it (Mike Takeshita personal communication, September 2001). USDI National Park Service lands adjacent to high risk areas, such as the Santa Monica Mountains National Recreation Area, are coming under increasing pressure to approve fuel breaks adjacent to their lands (Superintendent Arthur Eck, Appendix I).

While much of this work has focused on shrubland landscapes, there have been, and currently are underway, significant fuel reduction projects on forested landscapes in the Sierra Nevada. The earliest of these was the extensive Ponderosa Way, a 600 mile (1000 km) fuel break constructed during the 1930s at the lower yellow pine zone on the western face of the Sierra Nevada (Clar 1969, Green 1977, Weatherspoon and Skinner 1996). This system is of particular interest because it covers a variety of landscapes and comprises a range of maintenance conditions from no maintenance in the past 50 years to areas maintained within the last 3 years (Rich Schell and Dave Sapsis, California Division of Forestry and Fire Protection, personal communication, September 2001). 

More recently it has been proposed that the most cost effective technique on forested lands is the shaded fuel break, which emphasizes removal of surface and ladder fuels with retention of a portion of the canopy (Agee et al. 2000).  The shaded fuel break is one technique being applied by the USDA Forest Service in northeastern California under the Herger-Feinstein Quincy Library Group (QLG) Forest Recovery Act, which mandates a five year program of  fuel manipulations that began in 1999 (http://www.r5.fs.fed.us/hfqlg).  The QLG project will provide several additional perspectives. Shaded fuel breaks in Plumas and El Dorado counties range in age from 1 to 3 years since construction (Dave Peters, US Forest Service) and should provide insight into rates of alien plant colonization. In addition, these shaded fuel breaks are substantially wider (a quarter mile) than many other fuel break projects, providing an additional parameter worth examining. Finally, these shaded fuel breaks maintain 40% canopy coverage and thus have the potential for affecting establishment patterns of alien species, most of which are highly shade intolerant.

We have made contact with many cooperators who see this project as important to their resource management programs (see list of cooperators in next section). We will continue making contacts with additional land management agencies over the course of this project. At the present time we anticipate surveys in the following locations, arranged south to north:

(  Cleveland National Forest (USDA Forest Service, San Diego, Riverside and Orange counties)

(  Angeles National Forest (USDA Forest Service, San Bernardino and Los Angeles counties)

(  Santa Monica Mountains (Los Angeles County Fire Department, Los Angeles and Ventura 

counties)

(  Los Padres National Forest (USDA Forest Service, Ventura, Santa Barbara, San Luis Obispo, 

and Monterey counties) 

(  Wofford Heights, Lake Isabella, Bakersfield District (USDI Bureau of Land Management, 

Kern County)

(  Interior central coast, Hollister District (USDI Bureau of Land Management, San Benito and 

Monterey counties and USDI National Park Service, Pinnacles National Monument)

(  Sierra Nevada foothills (California Division of Forestry and Fire Protection, Sequoia and 

Stanislaus counties)

(  Plumas National Forest (USDA Forest Service, Butte, Tehama, Plumas and Lassen counties)

(  Interior north coast ranges (California Division of Forestry and Fire Protection Mendocino Co)

Cooperators (see Appendix I for letters of support and cooperation)

Arthur E. Eck, Superintendent

Corrina Marote, Fire Management Officer

Dr. Ray Sauvajot, Chief of Planning, Science and Resources Management

USDI National Park Service 

Santa Monica Mountains National Recreation Area, Thousand Oaks, CA

Mike Foster, Forest Botanist

USDA Forest Service

Los Padres National Forest, Goleta, CA

Anthony Sarzotti, Fire Management Officer

USDI Bureau of Land Management

Bakersfield Field Office, Bakersfield, CA

Richard H. Martin, Superintendent

Jeff Manley, Fire and Resource Specialist

USDI National Park Service

Sequoia-Kings Canyon National Parks, Three Rivers, CA

Keith Barker, Fire Management Officer

USDI Bureau of Land Management

Hollister Resource Area, Hollister, CA

Dave Sapsis, Fire and Resource Assessment Specialist (letter pending)

California Division of Forestry and Fire Protection

Sacramento, CA

Mr. Michael Y. Takeshita, Deputy Forester

County of Los Angeles Fire Department

Forestry Division, Vegetation Management Unit, Pacoima, CA
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Project Duration and Schedule

Project Duration:

3 years, January 2002 to December 2004

Year 2002

Feb
Contact local managers, discuss project goals and select 

study sites in southern, central and northern California. 


March-April
Southern California Shrubland sites


May-June
Central California Shrubland and coniferous forest sites


July-Aug
Northern California Coniferous forest sites


Sept-Dec
Herbarium work, data entry and data analysis

Year  2003


Jan-Feb
Web site construction


March-April
Southern California Shrubland sites


May-June
Central California Shrubland and coniferous forest sites


July-Aug
Northern California Coniferous forest sites


Sept-Dec
Herbarium work, data entry and analysis

Year 2004


Jan-March
Web site development, further data analysis, writing project 

summaries, press releases, 


April-May
Manager workshops in southern, central and northern California


June-Sept
Manuscript preparation and final report

Budget





Year  2002
JFS request
Agency contribution

Salaries (includes benefits)



     Jon E. Keeley, Research Ecologist (10%)

$ 11,442

     Jan L. Beyers, Research Plant Ecologist (5%)

$   4,470

     Plant ecologist, GS-9 Term (75%) 
$  34,586


     Biological technician, GS-7 Term (75%)
$  28,260


     Technical support (GS-4) (20%)
$    4,563






GSA vehicle
$    3,500


Travel
$    2,350
$   1,500

Supplies and equipment
$    2,500
$   1,500

Internet web assistance
$    1,750
$   4,500

Statistical assistance

$   3,500

Publication and public information assistance

$  2,500





Subtotal
$  77,509


Other direct costs and overhead (15%) 
$  11,626






Total for FY 2002
$  89,135
$ 29,412





Year 2003
JFS request
Agency contribution

Salaries (includes benefits and 3% increase)



     Jon E. Keeley, Research Ecologist (10%)

$ 11,785

     Jan L. Beyers, Research Plant Ecologist (5%)

$   4,604

     Plant ecologist, GS-9 (100%)
$  47,498


     Biological technician, GS-7 (100%)
$  38,810


     Technical support (GS-4) (20%)
$    4,699






GSA vehicle
$    3,500


Travel
$    2,500
$  2,500

Supplies and equipment
$    1,000
$  1,500

Internet web assistance
$    1,250
$  3,500

Statistical assistance

$  1,500

Publication and public information assistance

$  2,500





Subtotal
$ 100,257


Other direct costs and overhead (15%)
$   15,038






Total for FY 2003
$ 115,296
$ 26,889





Year 2004
JFS request
Agency contribution

Salaries (includes benefits + 3% increase)



     Jon E. Keeley, Research Ecologist (10%)

$ 12,374

     Jan L. Beyers, Research Plant Ecologist (5%)

$   4,742

     Plant ecologist, GS-9 (100%)
$  48,923


     Biological technician, GS-7 (25%)
$    9,994


     Technical support (GS-4) (35%)
$    8,470






GSA vehicle
$    3,500


Travel
$    2,500
$  2,500

Supplies and equipment
$    1,500
$  1,500

Internet web assistance
$    2,500
$  3,500

Statistical assistance

$  4,500

Publication and public information assistance
$    5,500
$  5,000





Subtotal
$  86,097


Other direct costs and overhead (15%)
$  12,915






Total for FY 2004
$  99,012
$ 34,116





Total for FY 2002-2004
$ 298,233
$  90,417





Deliverables

A web site will be established immediately with this proposal and related materials posted and electronic notification sent to all to agencies involved. Annual progress reports will be completed at the end of each fiscal year and in addition to hardcopies sent to the Joint Fire Science Board, these will be posted on our web site. In the third year, the results will be written up as a scientific manuscript for publication and a press release explaining these results to managers will be printed and widely distributed throughout the Western U.S., as well as being posted on our web site. Results of these studies will be presented at regional and national scientific meetings. All data will be made available electronically during the course of this study.

As part of our manager workshops in year 3, a technical report of results and suggested mitigation measures will be distributed for discussion. Specific site by site summaries and analysis of potential alien plant threats will be presented.  This report will be useful for purposes of better fuel management, planning prescription burns, completion of the NEPA process, control of invasive species, and enhancing the conservation of native flora. Effort will be made to coordinate our recommendations with other recommendations (e.g., USDA Forest Service 2000). Examples of management practices that may be considered are the strategic use of prescription burning to alter landscape patterns in ways that may reduce the invasion threat, focused application of herbicides to fuel breaks following wildfires, and altering the landscape pattern of future fuel breaks, perhaps by coordinating them with other infrastructure such as roads. 

Technology Transfer

Technical transfer will be accomplished in two ways. A web site will be established immediately with this proposal and related materials posted and electronic notification will be sent to all USDA Forest Service ranger district offices, USDI BLM regional offices in the Western U.S., CDF ranger units in California and local fire jurisdictions such as the Los Angeles Fire Department to inform them of our work and solicit input. In the third year of this project we will conduct three workshops in southern, central and northern California to report our results and provide an opportunity for discussion with managers on how to manage their resources to minimize fire threat and invasive plants. 
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