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!ŎƪƴƻǿƭŜŘƎŜƳŜƴǘǎ 
 
This report is a collaborative effort between the California Tahoe Conservancy and the 
University of California Cooperative Extension, and was made possible only through the 
assistance of many willing cooperators. The post-fire treatments were coordinated by Christy 
Daugherty, CalFIRE Registered Professional Forester (retired), with field work by the California 
Conservation Corps. The United States Army Corps of Engineers provided funding for 
restoration and monitoring. Individual Conservancy Staff were critical to the effort, especially 
Judy Clot - Associate Environmental Planner, who orchestrated post-fire treatments and aided 
in early monitoring efforts; Tina Carlsen - Natural Resources Program Manager who assisted 
with data analysis and interpretation; Scott Carroll - Associate Environmental Planner, who 
headed up stream profile monitoring; Adam Lewandowski - Associate Environmental Planner, 
who coordinated invasive weed monitoring; and the Tahoe Resource Conservation District 
Forest Habitat Enhancement crew, which built monitoring silt fence structures. University of 
California Cooperative Extension specialists Gary Nakamura - Area Forestry Specialist (retired) 
and Richard Harris ς Extension Forestry Specialist, provided critical insight on monitoring goals 
and methods. Mike De Lasaux - Natural Resources Advisor, provided help in the field. David 
Fournier, Assistant Vegetation Management Officer with the USDA Forest Service Lake Tahoe 
Basin Management Unit, was critical to coordination with Forest Service partners throughout 
the permitting process. 
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9ȄŜŎǳǘƛǾŜ {ǳƳƳŀǊȅ 
 
This report presents preliminary monitoring results for restoration activities conducted by the 
California Tahoe Conservancy (Conservancy) after the June 2007 Angora Fire near South Lake 
Tahoe, California. Of the 90 acres owned by the Conservancy in the burn area, 40 were in larger 
parcels that experienced high intensity fire in which nearly 100% of trees were killed.  
Conservancy goals for these areas, including the 30-acre Mule Deer and the 10 acre Expressway 
parcels, were to re-establish a native forest quickly and to reduce hazards posed by dead trees 
and fuel accumulation 
 
¢ƘŜǎŜ ŀǊŜŀǎ ǿŜǊŜ ǘǊŜŀǘŜŘ ǿƛǘƘ ŀƴ άŀŎǘƛǾŜέ ǊŜǎǘƻǊŀǘƛƻƴ ŀǇǇǊƻŀŎƘ ƛƴǾƻƭǾƛƴƎ ǊŜƳƻǾŀƭ ƻŦ ŘŜŀŘ 
trees. Large dead trees, over ten inches in diameter, were cut and skidded to a landing where 
they were processed, loaded on log trucks, and sent to a nearby mill. Small trees were 
masticated (ground up) and left on site to control erosion and to suppress competing 
vegetation.  Additional measures were installed to minimize the risk of soil erosion and 
sedimentation to Lake Tahoe. After mastication was completed, one to two year-old tree 
seedlings were planted.  
 
Monitoring reported on here evaluates the effectiveness of this approach in the severely-
burned areas of the Angora fire. Areas treated with the active approach are compared with 
adjacent USDA Forest Service (Forest Service) land not treated during the duration of this 
monitoring effort. 
 
Conclusions 
 
²Ŝ ŎƻƴŎƭǳŘŜ ǘƘŀǘ ǘƘŜ άŀŎǘƛǾŜέ restoration approach used by the Conservancy was effective at 
reaching the goals of re-establishing a native forest while minimizing water quality impacts and 
fire risk. Planted seedlings are growing quickly and becoming young trees. We estimate that this 
approach will expedite the return to a forested condition in the area by about 60 years. In the 
adjacent untreated area, the few naturally sprouting tree seedlings are unlikely to thrive due to 
competition from vigorously growing brush.  
 
We also found that tree removal using heavy equipment did not compact the soil and that 
erosion control measures were effective, although the mild winter experienced immediately 
after the fire was critical in reducing soil erosion risk.  
 
The woody mulch left on site was effective at suppressing brush and minimizing soil erosion 
ǘƘŀǘ ŎƻǳƭŘ ƛƳǇŀƛǊ [ŀƪŜ ¢ŀƘƻŜΩǎ ŎƭŀǊƛǘȅΦ IƻǿŜǾŜǊΣ ƛǘ forms a layer of surface fuel that carries 
some fire risk. The relative fire risk posed by the woody mulch as compared to the risk from 
rapidly growing brush and falling dead trees on the untreated site is difficult to assess. We hope 
to learn more about the effects of tree removal and mulching through additional monitoring of 
fuel, vegetation, and seedling data in the future. 
 
Methodology 
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Data was collected immediately after the Angora Fire on Conservancy land and on nearby 
Forest Service land using the Before-After-Control-Impact approach. Monitored Conservancy 
lands were treated while Forest Service lands were used as untreated control areas. The 
majority of data collection took place within permanent forest inventory plots. Pre-treatment 
data collection occurred on all plots in summer and fall 2007. Timing of post-treatment data 
collection differed according to parameter but continued from 2008 to 2010. This report 
summarizes the data and analysis conducted through 2010, with the exception of seedling data 
collected in 2011. Treatment occurred on Forest Service lands in 2011, but comparing current 
conditions is beyond the scope of this project. The report provides evaluation of treatment 
success in the first three to four years post-fire. 
 
Key Findings 
 
Forest Stand Development:  A new forest has been established on Conservancy lands with 
about 130 planted tree seedlings per acre.  

¶ Very few mature trees survived the fire in the studied area and so there is little natural 
tree seed source remaining. No naturally-occurring seedlings were found on monitoring 
plots in treated and untreated areas. 

¶ Based on data and observations of other burned areas in similar forest types, we 
estimate that the treatment accelerated the development of a new forest by about 60 
years. 

 
Native Vegetation Recovery: Growth of native vegetation including brush and herbaceous 
species was greater in untreated areas than in the treated area. This appears to be a result of 
leaving  wood mulch on the treated area to suppress brush and favor conifers. At least 55% of 
the ground area was covered by vegetation by 2010 where no treatment was done, while only 
30% of the treated area was covered.  

¶ Greater cover in the untreated area is accounted for by a small number of brush species, 
which out-compete most tree seedlings and so inhibit re-establishment of a forest 
stand. 

¶ Lesser brush cover in the treated area has allowed a greater total number of native 
species to return (22) compared with the untreated site (18).  

 
Invasive Weeds: Invasive species took advantage of post-fire conditions to spread in the Angora 
burn area. 

¶ Invasive species found in the treated area include ox-eyed daisy (Chrysanthemum 

leucanthemum), yellow toadflax (Linaria vulgaris), Dalmation toadflax (Linaria genistifolia 

ssp. Dalmatica), perennial pepperweed (Lepidium latifolium), and yellow starthistle 
(Centaurea solstitialis). 

¶ Aggressive detection and treatment appears to have curbed weed growth, with the 
notable exception of Bull thistle, which has spread widely in the burn area.  

¶ Comparison of weed spread in treated versus untreated areas was outside the scope of 
this project. 
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Soil Quality and Erosion: Erosion control measures taken to avoid movement of soil off the 
treated Conservancy site appear to have been effective, although the occurrence of two mild 
winters after the fire means these measures were not tested by any severe precipitation event.  

¶ The small, intermittent channel on site has remained stable and supports vigorous 
vegetation growth, suggesting it will remain stable in the near future.  

¶ Monitoring silt fences erected within the channel collected half a ton of sediment the 
first winter and another third of a ton the second winter. This leads to a total sediment 
yield of less than 0.02 tons per acre for the first two years. This is drastically lower than 
for other post-fire erosion studies we are aware of. 

¶ Comparison of sediment yield in treated versus untreated areas was outside the scope 
of this project. 

¶ No detectable increase in soil compaction was created by tree harvesting operations. 
Monitoring showed no apparent effect on soil strength on the treatment site. 

 
Fuels and Fire Hazard: Although the masticated material left on site was effective at minimizing 
soil erosion and suppressing brush competing for growing space with conifer seedlings, it does 
form a layer of surface fuel that carries some level of wildfire risk. 

¶ Mastication more than tripled the amount of woody mulch material on the treated site. 
Fuel totaled 86 tons per acre in the treated area, nearly nine times greater than on the 
untreated site. Of this, 35 tons per acre are in the smallest, most ignitable size. 

¶ Though the fire risk cannot be calculated at this time as computer models do not 
accurately predict wildfire behavior in masticated fuels, it is generally accepted that 
masticated fuels burn with lower flame lengths than natural fuels and are more difficult 
ǘƻ ƛƎƴƛǘŜ ōŜŎŀǳǎŜ ŎƻƳǇŀŎǘƛƻƴ ƛƳǇŜŘŜǎ ǘƘŜ ŦƛǊŜΩǎ ŀŎŎŜǎǎ ǘƻ ƻȄȅƎŜƴΦ 

¶ Wildfire risk is becoming significant on the untreated site, where abundant brush and 
falling dead trees create an increasingly large fuel load. It is unclear how this risk 
compares to that on the treated site presently, but it is clear that the risk will increase 
on the untreated site while it decreases on the treated site. 
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LƴǘǊƻŘǳŎǘƛƻƴ 
 
This report presents preliminary monitoring results for restoration activities conducted by the 
California Tahoe Conservancy (Conservancy) after the June 2007 Angora Fire. The fire burned 
3,100 acres in and near South Lake Tahoe, California including 177 Conservancy-owned urban 
parcels, totaling 90 acres (Figure 1).   
 

The California Tahoe Conservancy is an 
independent State agency established to 
develop and implement programs through 
acquisitions and environmental improvement 
projects to improve water quality in Lake 
Tahoe, preserve and enhance the scenic 
beauty and recreational opportunities of the 
region, provide public access, preserve 
wildlife habitat areas, and manage and 
restore lands to protect the natural 
environment.   
 
 

Figure 1.  Conservancy-owned parcel where the Angora  
fire caused 100% tree mortality, August 2007. 

 
Of the 3,100 acres burned by the Angora Fire, 34% burned with high severity and 42% burned 
with moderate severity (Weaver et al 2007). Mapping conducted by the US Forest Service 
Burned Area Emergency Response (BAER) team immediately following the fire is displayed in 
Figure 2. Following containment of the Angora Fire, the Conservancy deployed resource 
assessment teams for a rapid, initial analysis of post-fire conditions on Conservancy properties. 

The Conservancy burn severity assessment is displayed in Figure 3. Restoration goals developed 

based on this information prioritized removal of dead, dying and hazardous trees and 
installation of erosion control measures. This approach was driven, in part, by the location of 
ǘƘŜ /ƻƴǎŜǊǾŀƴŎȅΩǎ ǇŀǊŎŜƭǎΦ Dead falling trees were a major concern within the residential 
neighborhood, as they could be dangerous to residents rebuilding homes and would create a 
fire hazard. Also, these parcels are located within the drainage of Angora Creek, a tributary of 
the Upper Truckee River that flows into Lake Tahoe. The lake is a water resource of 
international stature famed for its clarity and many local efforts are focused on reducing and 
preventing sediment transport to Lake Tahoe. 
 
Treatments were intended to establish a native conifer forest as quickly as possible, reduce 
hazards posed by dead trees falling, and reduce the risk of soil compaction, soil erosion, and 
sedimentation to Lake Tahoe. An emergency contract was put into place with Sierra Pacific 
Industries for salvage harvest ƻǇŜǊŀǘƛƻƴǎ ƻƴ ǘƘŜ /ƻƴǎŜǊǾŀƴŎȅΩǎ two larger ownerships and 
designated urban lots within the burn area. Approximately 1.2 million board feet of timber was 
ǊŜƳƻǾŜŘ ŦǊƻƳ ǘƘŜ ǎƛǘŜ ŀƴŘ ǎŜƴǘ ǘƻ {ƛŜǊǊŀ tŀŎƛŦƛŎ LƴŘǳǎǘǊƛŜǎΩ Ƴƛƭƭ ƛƴ /ŀƳƛƴƻ (see Figure 4 and 
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Figure 5). Un-merchantable material was masticated (see Figure 5) and left on site to provide 
cover of exposed soil to reduce erosion. Revenue generated from tree removal was used to 
offset the cost of mastication and erosion control treatments. Tree removal was completed by 
October 2007. 
 
This monitoring project was developed to track the effectiveness of the treatments described. It 
was designed in a short time frame since initial treatments began within two months of the fire. 
Extension specialists from the University of California were crucial to the design, as were 
University of California faculty and Pacific Southwest Research Station scientists consulted on 
methods. Monitoring was carried out by staff from the California Tahoe Conservancy and 
University of California Cooperative Extension.  
 
Monitoring methods used in this analysis are detailed in the Angora Fire Restoration Monitoring 
Protocol for the California Tahoe Conservancy (Wade and Kocher 2011). This monitoring 
protocol was developed and implemented beginning in August 2007 and was revised as 
necessary. The protocol includes details about study design and data collection methods used 
to determine effectiveness of treatments.  
 
This report presents preliminary answers to monitoring questions proposed at the beginning of 
ǘƘŜ ŜŦŦƻǊǘΦ 5ŀǘŀ ŀƴŘ ŀƴŀƭȅǎƛǎ ŘŜǎŎǊƛōŜŘ ƘŜǊŜ ǇŜǊǘŀƛƴ Ƴƻǎǘƭȅ ǘƻ ǘƘŜ /ƻƴǎŜǊǾŀƴŎȅΩǎ aǳƭŜ 5ŜŜǊ 
parcel, a 30 acre area that was burned severely with nearly 100% tree mortality. We expect that 
some of the initial answers to monitoring questions may change as time passes and the burned 
area evolves and re-vegetates. 
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Figure 2. Map of burn severity as assessed by the Forest Service BAER team, July 2007. 
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Figure 3. Severity of burn effects on Conservancy parcels by the Angora Fire, June 2007. 
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Figure 4. Fire-killed trees were skidded to a landing and taken to a lumber mill by Sierra Pacific Industries, 
September 2007. 

 
Figure 5. Limbs and small trees (10 inches in diameter and smaller) were masticated and left on site. 

 

  




























































































