Many federal agencies are currently developing large-scale fuels management programs to reduce the threat of unwanted wildland fires, particularly at the wildland and urban interface.  Although the relationship between fuels management and nonnative invasive plant species has not been specifically studied, many fuel breaks share common characteristics with roads, which have been extensively linked with nonnative plant invasion (D’Antonio  et al. 1999).  Fuel manipulations create disturbance by removing vegetation, opening forest canopies, disturbing soils, and changing hydrologic conditions, factors which generally promote invasive plants (D'Antonio et al. 1999).  Equipment used to construct fuel breaks or to thin forests may transport the seeds of invasive species into areas where they were not formerly present.  The effect of localized fuel treatments on nonnative plant invasions can be profound.  The establishment of nonnative invasives in fuel breaks may provide an exotic seed source in close proximity to remote wildland areas.  These wildland areas may then be more susceptible to invasion, particularly following disturbances such as natural or prescribed fires (D’Antonio 2000).  Nonnative plant invasion in fuel manipulation zones could also increase fire frequencies and alter fire intensity to the detriment of native plant communities (Keeley 2001).

This project investigates the role of fuel breaks on the plant invasion process and evaluates the potential for management activities that may minimize the threat of nonnative plant invasion.  We define fuel breaks as any area specifically treated to reduce fuels, including linear, cleared features, or large, thinned areas with some canopy cover left intact (shaded fuel breaks).  This project examines fuel breaks in different plant communities, including shrubland and forest types in southern, central, and northern California.  We are studying fuel breaks on lands managed by the USDA Forest Service, USDI Bureau of Land Management, USDI National Park Service, and California Division of Forestry and Fire Protection.  The project has three specific objectives: 

1) To inventory current floristic composition of fuel breaks 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);  

2) To 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; and  

3) To provide resource managers with information on how fuel manipulations may be planned to minimize the potential for nonnative plant species invasion while still accomplishing fuel hazard reduction goals. 
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Findings and Status 

This study was initiated in July, 2003. During our first field season we visited ten sites, including Whiskeytown National Recreation Area (NRA). Our preliminary data for all ten sites combined indicate that the relative number, cover, and density of nonnative species are significantly higher on fuel breaks than in the surrounding wildland areas (Figure 1).
Figure 1.  Relative nonnative species richness, cover, and density, as a percentage of all plant species richness, cover, and density, were significantly higher on the fuel break than off the fuel break in the surrounding wildlands, one-way ANOVA, p < 0.00. 
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Each site varied greatly in the number and relative dominance of nonnative species. One site we investigated near Lake Tahoe contained no nonnative species, while Whiskeytown NRA had 19 nonnative species. This site to site variability suggests that individual site conditions, including environmental and anthropogenic factors, play an important role in the ability of nonnative species to invade. We will be investigating additional fuel breaks during the next two years to determine which factors influence invasibility. 

Figure 2.  Relative nonnative species cover varied greatly between sites. At Whiskeytown NRA (WT) the mean relative nonnative species cover on the fuel break was over 50%.  
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Site Specific Findings 

We established 8 transects and 54 plots along the fuel break constructed for the Tower Fire (Tower Fuel Break) in Whiskeytown NRA. Within these plots we identified a total of 51 species, including 19 nonnative species. The Tower Fuel Break had the highest relative nonnative species cover of any site we have studied so far. Relative nonnative species cover, density, and richness were significantly higher on the Tower Fuel Break than off of it, consistent with our results for all sites combined. The relative cover, richness, and density of nonnative species also decreased significantly with distance from the edge of the fuel break, although only relative cover is shown in Figure 3.   
Figure 3.  Relative nonnative species cover declined significantly with distance from Tower Fuel Break edge (at 0 meters on the x-axis). Linear regression, p < 0.002.  
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We performed  a step-wise linear regression to evaluate the relationship between a number of variables and relative nonnative species cover at the Tower Fuel Break, including slope, elevation, aspect, litter depth and cover, canopy cover, fire history, position on or off the fuel break, and distance from the closest road. Canopy cover, distance to the closest road, position on or off the fuel break, and elevation was significantly correlated with relative nonnative species cover, and these variables explained almost 60% of the variation in relative nonnative species cover. In order to develop a better idea of what factors influence the abundance of nonnative species we hope to investigate additional fuel breaks at Whiskeytown NRA during the next two years of our study. We also intend to conduct additional statistical analysis, including canonical community ordinations, to evaluate differences between Whiskeytown NRA and other sites across California.  

Management Implications 

Our data should indicate what types of fuel breaks are most likely to promote invasive species.  For example, studies have shown that canopy cover is an important factor in the establishment of nonnative species, and we are measuring canopy cover at each of our sites.  We found negative correlations between canopy cover and nonnative species cover at Whiskeytown NRA and in other areas.  By determining the relationship between canopy cover and invasive species presence and abundance in fuel breaks, we hope to develop recommendations for canopy cover prescriptions within fuel breaks that minimize the threat of invasive plants.  
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