FIRE AND FUELS

Fire Ecology
All stands in the analysis area for the Sawtooth Huckleberry Restoration Project fall into the Pacific silver fir plant association group.  These areas are high elevation, moist forest stands experiencing cold winter conditions and a large snowpack.  Units 1a, 1b, and 4 fall into the Pacific silver fir/big huckleberry/queencup beadlily association (CF S2-56) ABAM/VAME/CLUN.  In this group, Pacific silver fir dominates the overstory.  It is accompanied by Douglas fir, western hemlock, and noble fir.  Pacific silver fir also dominates the understory regeneration layer and big huckleberry dominates the shrub layer.  The majority of the units (2, 3, 5, 8, 9, 10, 11a, 11b, and 12) are all in the Pacific silver fir/big huckleberry/beargrass association (CF S2-51) ABAM/VAME/XETE.  This group tends to be slightly colder with a bit lower soil depth and percent herb cover but similar in elevation to the previously mentioned group.  In these areas, Pacific silver fir and western hemlock are found in the overstory, while big huckleberry and beargrass dominate the shrub and herb layers.  Lastly, units 6 and 7 are in the mountain hemlock/big huckleberry association (SM S2-10) TSME/VAME.  It is likely to be somewhat colder and higher in elevation than both the previously mentioned groups, has the lowest soil depth, and is the only one to occupy north facing slopes.  The canopy is made up of Pacific silver fir and mountain hemlock, with those being the primary regeneration species as well.  Big huckleberry and beargrass dominate the shrub/herb layer with little other understory diversity (Brockway, 1983).  
These plant groups are described as part of fire group 8—warm, moist western hemlock and Pacific silver fir.  Areas in this classification generally contain deep duff and large logs while lacking fine fuels.  In most years, fuels remain wet most of the year and are slow to dry in the summer.  However, the dry duff will carry fire if exposed and prolonged smoldering in deep duff and punky logs can result in a high severity burn that severely damages the soil.  Fire in this group serves to create a mosaic of stand structures and age classes across the landscape while preparing seed beds for certain species and contributing to within-stand species diversity (Evers et al, 1996).  The diversity in stand structure currently present among the proposed project units could have possibly resulted from more recent burns or varying intensities of burns and availability of seed sources.
The succession sequence is such that high intensity fire at any stage will send a stand to a shrub/herb dominated stage.  Even moderate intensity fires may eliminate Pacific silver fir due to its extremely low fire resistance.  It has thin bark; shallow roots; a low, dense branching habit; high stand densities; high foliage flammability, and heavy epiphytic lichen loads, leaving it susceptible to easy cambium and root kill, scorch, and crowing (Evers et al, 1996).  The predominant composition of Pacific silver fir in the stands of Sawtooth project area suggests high probabilities for mortality in any burn scenario.  As stands progress in succession, the probability of low to moderate intensity fires remains low through the stem exclusion phase due to lack of available fuel.  Fires become more probable later in the successional pathway when stands reach the stem re-initiation phase and natural fuel accumulations build (Evers et al, 1996).  Most of the stands in the Sawtooth project area are in early to mid-successional stages and, therefore, lack natural fuel accumulations as they have not yet reached the point of stem re-initiation.
Wildfire hazard in this fire group is low to moderate depending on the weather in any given year as well as the amount and extent of canopy gaps.  Smoldering and creeping spread rates are most common in these fuel types and most active burning occurs in a single burning period though it can span several.  The exception occurs in the event of dry east winds and prolonged drought (3+ years), which dries the forest floor enough to allow fire spread and can stimulate much higher intensity fires.  The aforementioned conditions resulting in the probability of large fire spread occur approximately every 30 years (Evers et al, 1996).  Under current stand conditions, stand replacing fires will dominate during large fire scenarios, and most fires will be either very small (<10 acres) or very large (>1000 acres) (Evers et al 1996; Agee, 1993).  The highest levels of fire danger occur mid-September through October (Evers et al, 1996).

Fire History
	Before European settlement, fires in the area typically burned anywhere from several weeks to a couple months.  Long term smoldering and small crown fire runs created more mid-sized fires than are witnessed today and a finer scale mosaic of stand conditions across the landscape.  These burn patterns as well as topography may have had more influence on fire shape and size.  Underburns may also have been more common.  Fires that continued to burn into September and October faced the potential for a strong east wind event that triggered the large, fast-moving, high intensity burns.  Fire exclusion since European settlement may have some effect on current fire behavior and size (Evers et al, 1996).  
	Age class analyses show extremely variable fire return intervals ranging from 90-730 years with no discernable mode (Evers et al, 1996).  While stands at lower, drier elevations experience fire every 100-300 years, the Sawtooth project area is comprised of more moist sites where the return interval ranges from 300-600 years (Agee, 1993).  
	Native American burning for huckleberry production was prevalent prior to European settlement across all proposed units in the Sawtooth Huckleberry Restoration project according to oral tradition of the Yakima Indian Nation.  According to historical maps, a large fire swept through all of the proposed Sawtooth Huckleberry Restoration units prior to the turn of the twentieth century.  All units burned again in the 1902 Lewis River fire.  Another fire in 1905, whose exact perimeter is unknown, re-burned in the area of units 8, 9, 10, 11, 12, and potentially 6 and 7.  The scarcity of duff and the open canopy in throughout much of those units provide evidence of that re-burn. Finally, units 1 and 2 burned again in the late summer of 1910 in the Twin Buttes fire.  Numerous spot fires from these large fires and small, Native American started fires added to the mosaic created during that time period.  Thus, in the 20 years surrounding the turn of the century, fire visited the area frequently and burned all of the proposed units, most of them as many as three times.  Fire activity since the movement towards fire suppression and exclusion in the 1930s has been minimal with the majority of fires being human caused and contained at <10 acres and oftentimes <1 acre in size.  Current fuels loads vary across the units, but they are sparse overall, typically lacking in fine fuels with minimal larger logs and varying amounts of duff.  See the silviculture section for a description of stand composition.

Prescribed Fire Information and Feasibility
	Prescribed fire is not seen as a particularly useful management option because under controllable conditions, prescribed fires will not spread (Agee, 1993).  High decomposition rates suggest mechanical or manual treatments may adequately manipulate fuels and address fuel hazards without the use of fire (Evers et al, 1996; Agee, 1993).  However, some burning may be appropriate to maintain high-producing huckleberry fields and to clean logging slash in visually sensitive and high use areas (Evers et al, 1996), but burning in these plant groups on cooler sites with soils lacking in fertility and where nutrient cycling and tree growth proceed at slow rates will likely result in decreased site fertility and productivity.  Nitrogen capital is concentrated in the forest floor and above ground vegetation, resulting in 60 percent of the fine root residing in the organic horizons of the forest floor (first 2-4 inches).  Even light burns may seriously decrease nitrogen capital and kill advanced regeneration.  Therefore, prescribed fire ideally would not exceed “light” intensity—surface temperatures less than 200 degrees Celsius, surface duff layer charred but not consumed, other woody debris partly burned and logs not deeply charred (Brockway et al, 1983) and should occur only when duff moisture is high to avoid prolonged smoldering that can result in soil damage, seedbank scarification, and the volatilization of too much nitrogen to maintain site productivity (Evers et al, 1996).  
As mentioned, most huckleberry fields of the Northwest, including those in the Sawtooth project area, originated following large, stand-replacing wildfires that were more common prior to modern fire suppression.  However, as stands age invading trees and other brush crowd the huckleberry bushes and eventually outcompete them as the community progress toward climax forest.  Without fire or other large scale forest disturbances, the berry production gradually declines as the other trees and shrubs come to dominate the site.  This describes the present trend in the Sawtooth huckleberry restoration area.  As the old burns continue to be reforested and new burns are rare, the formerly abundant huckleberry fields are decreasing in size and production.  Although some studies have been conducted, there is an overall lack of conclusive research as to effective management practices for the maintenance and restoration of huckleberry fields.  Little has been done since the Native Americans stopped burning, primarily due to lack of knowledge and limited financing (Minore, 1972), but prescribed burning is a potential option for maintaining the necessary open canopy under which huckleberries grow and for pruning the plants of older, less productive shoots.  
Again, the units in the Sawtooth Huckleberry restoration project area fall into the Pacific Silver Fir plant group: high elevation, moist forest with cold winter conditions, a large snowpack, little wildfire risk, and long fire return intervals.   Dominant tree species in this plant group are typically thin-barked and not well-adapted to fire because the average fire return interval is quite long.  Among these species present are primarily Pacific silver fir (Abies amabalis), subalpine fir (Abies lasiocarpa), and mountain hemlock (Tsuga mertensiana), with a smaller component of noble fir (Abies procera), Engelmann spruce (Picea engelmannii), lodgepole pine (Pinus contora), western white pine (Pinus monticola), and western hemlock (Tsuga heterophylla).  Douglas-fir (Pseudotsuga menziessii) is also present but is much better adapted to fire than the aforementioned species.  Due to the high susceptibility of the predominant trees to fire, mortality projections in the event of fire are typically high, even under desired conditions and close fire management.  
Throughout the project area, fuelbeds are unreceptive to fire much of the year and surface fuels are compacted rapidly.  The greatest fire threat is present in late summer during the brief period when fuels are receptive and a large number of human visitors come to the area to gather forest products, particularly huckleberries.  Human-caused fires are not uncommon this time of year.  Thus, the recommended treatment under Alternative B to reduce the threat of human-caused ignition is to pile and burn all activity fuels within 100 feet of Roads 24, 30, and 210, Cold Springs Indian Camp, and Saddle Camp.   All of Unit 5 will be piled and burned for site preparation purposes.  On the other hand, Alternative C proposes the use of prescribed fire as a tool for huckleberry enhancement in Units 2, 5, 7, 10A, 11A-E, and 12.  Based on specialist input for desired future condition under Alternative C and studies that have occurred, the analysis that follows is based on a prescription for a low intensity, fast moving underburn that will maintain huckleberry rhizome structure and the plant crown while pruning old limbs and allowing for some top kill.  
The foliage of huckleberry plants is of low flammability and the plants are only consumed by fire when adequate fuels are present to dry and preheat stems and foliage (Miller, 1977).  Therefore, the fuels specialist will need to work closely with the sale administrator to achieve a desirable post-harvest condition that will lend itself to a light intensity, fast-moving fire.  This condition includes 4-8 tons of fine fuels per acre (less than 3 inches in diameter) with 2-5 of those tons in the 1- and 10-hour fuel category (less than or equal to 1 inch diameter).  As much of the material 3 inches and greater as possible should be removed.  All slash left onsite needs to cure and overwinter 1 year.  Post-harvest fuel bed depth should be between 18 and 24 inches, reducing to 8-12 inches of relatively continuous fuel after winter compaction.  The fuel moisture content of the surface fuels should be as follows:
1-hour fuels (<0.25” = 5-8%)
10-hour fuels (0.25” – 1.0” = 8-10%)
100-hour fuels (1.0-3.0” > 13%)
1000-hour fuels (>3.0” at the moisture of extinction or >25%)          
The presence of an adequately moist duff layer will help protect huckleberry rhizomes.  Fires conducted when duff is relatively moist and only partially consumed result in heavy re-sprouting from rhizomes (Boyd, 1999), while those that consume large amounts of duff are most harmful to regeneration (Miller, 1977).  The amount of heat that penetrates the soil layers where rhizomes occur as well as the amounts of duff and soil moisture are contributing factors to the post fire sprouting capability of the huckleberry plants (Miller, 1976).  In general, low severity burns result in heavy sprouting from rhizomes (Donnelly, 1993), while moderate to severe fires on coarse textured soil or areas with a thin organic layer kill underground rhizomes and result in heavy huckleberry mortality (Coates, 1986).  The moist duff and soil present during spring burns can serve as a heat shield to protect the adventitious buds on rhizomes.  The same duff and soil moisture content is more difficult to achieve in fall burns.
The results from fire modeling programs along with experience were combined to produce these results and recommendations for using fire as a tool in the proposed units of the Sawtooth Huckleberry Restoration:
· Units 1A, 6, 7, and 11A- Overall lack of large fire-resistant trees in these stands results in high mortality projections.  Underburning is not recommended in these units unless a significant additional loss of canopy cover is addressed and accepted.
· Units 1B, 2, 3, 4, 5, and 10- These units possess potential for burning.  There are some large Douglas-fir trees present, particularly in units 2, 5, and 10, which increases the possibility for canopy cover retention.  In areas where terrain in steep, fuel loading should be reduced to 1.5-4.0 tons (rather than 2-5) per acre of materials less than 1 inch in diameter to account for preheating.  Units 4 and 5 contain smaller diameter material than the others, resulting in slightly higher mortality predictions.  Considerations for piling prescriptions include direct site sterilization from localized high intensity heat and compaction in landing areas as evidenced in previously treated units.  
· Units 8 and 9- The lop and scatter prescription here is appropriate.  These units fall within the area of the main Sawtooth Huckleberry fields and a production setback from prescribed fire is undesirable.  Fire hazard created will be negligible based on fuel type and amount and climate in the area.
· Units 11B-E and 12- No mortality analysis was done for these small diameter stands because only fixed-plot data were available.  However, the desired post-harvest conditions listed earlier apply to these stands as well if burning is to occur.  The lack of duff in some areas makes the soil subject to more intense heating and the rhizomes more vulnerable to mortality.  The requisite of a light intensity, fast-moving fire is critical in these units to minimize damage to rhizomes and recovery time of huckleberry bushes.  The small size of trees and species composition will result in high mortality.  

Fire Effects
Alternative B Direct and Indirect Effects	
Alternative B calls for pile burning in Units 1B, 2, 3A, 4, 5, 6, 10A, and 10B within 100 feet of Roads 24, 30, 210, Cold Spring Indian Camp, and Saddle Camp, and throughout Unit 5 for site preparation.  The potential effects include site sterilization when the burning results in intense and prolonged soil heating (particularly pile burning), short term changes in microsite composition and characteristics, vegetation mortality, relatively insignificant threats to wildlife, and the output of greenhouse gases, including carbon monoxide, nitrous oxides, volatile organic matter, and particulate matter with aerodynamic diameter less than 2.5 microns (PM2.5) and less than 10 microns (PM10).  The quantity of emissions is related to the intensity and rate of spread of the fire, which is determined by the weather, fuels and topography.  Because these factors are highly variable, modeling outputs fluctuate widely.  All burning operations will comply with the State of Washington Department of Natural Resources Smoke Management Plan, which meets the requirements of the Washington Clean Air Act (RCW 70.94), Forest Protection Laws (RCW 76.04), and the United States Clean Air Act (42 USC 7401 et seq.).  Smoke emissions will be regulated through compliance with the plan.  In addition, the burn plan will provide for mitigation measures to minimize smoke exposure and fire hazards to firefighting personnel and the public.  These measures include public education, particularly for local communities and to harvesters of special forest products; clear signage; abiding by all regulations regarding burning near the Pacific Crest Trail in units of concern, and closing any road/areas where hazards do exist.  The units are sufficient distance from any population centers and will therefore not affect any sensitive communities.  The Intergovernmental Panel on Climate Change (IPCC) has stated "Most of the observed increase in global average temperatures since the mid-20th century is very likely due to the observed increase in anthropogenic greenhouse gas concentrations" (IPCC, 2007). Scientific analyses seem to indicate, but cannot prove at this point, that rising levels of greenhouse gases in the atmosphere are contributing to climate change (as theory predicts).  However, the scale of the project and lack of available data for analysis preclude climate change as a significant issue in this project.  

Alternative C Direct and Indirect Effects
Alternative C also for pile burning in Units 1B, 3A, 4, 6, and 10B within 100 feet of Roads 24, 30, 210, Cold Spring Indian Camp, and Saddle Camp as well as underburning 4-8 tons per acre of activity slash in Units 2, 5, 7, 10A, 11A-E, and 12.  In the case of Alternative C, where the use of fire would be maximized in order to utilize it as a tool to meet other treatment objectives, namely huckleberry enhancement, the effects of this increased use of fire were analyzed using various software applications.  The First Order Fire Effects Model (FOFEM) was used to examine the probability of overstory tree mortality following prescribed fire underburns in each of the proposed units of the Sawtooth Huckleberry Restoration project.  The model analyzes the inputs of tree species, diameter, number per acre, height, and crown ratio along with flame length to determine the percent mortality, percent basal area killed, and the percent canopy cover pre and post fire.  Algorithms for fire resistance are built into the program based on factors such as species bark thickness, size, and crown ratio.  The model, BehavePlus, was also used and the outputs compared to those of FOFEM.  BehavePlus serves best as a model for fire spread rather than mortality and tends to overpredict; therefore, the results from BehavePlus were considered secondarily to those of FOFEM.  
The leave trees for input into FOFEM were chosen based on a prescription of leaving the largest 48 trees per acre to achieve 25-40% canopy cover.  In areas where the percent canopy cover falls below those levels in the following chart it is because the leave trees are smaller in those stands so more trees would need to be left to achieve the same amount of canopy cover.  However, leaving more trees does nothing to the postfire percent canopy cover predictions because the trees left would be of small diameter and highly susceptible to fire.  

	MORTALITY SUMMARY BY UNIT AND FLAME LENGTH

	Unit
	Flame Length
	% Mortality
	Basal Area % Killed
	% Canopy Cover  Prefire
	% Canopy Cover Postfire
	Burnability

	1A
	2
	23
	19
	22
	18
	low

	1A
	4
	37
	31
	22
	15
	 

	1A
	6
	80
	79
	22
	4
	 

	 
	 
	 
	 
	 
	 
	 

	1B
	2
	13
	13
	24
	21
	moderate

	1B
	4
	17
	17
	24
	20
	 

	1B
	6
	53
	54
	24
	10
	 

	 
	 
	 
	 
	 
	 
	 

	2
	2
	7
	5
	43
	41
	high

	2
	4
	7
	5
	43
	41
	 

	2
	6
	12
	8
	43
	40
	 

	 
	 
	 
	 
	 
	 
	 

	3
	2
	12
	10
	32
	29
	high

	3
	4
	17
	13
	32
	29
	 

	3
	6
	51
	35
	32
	22
	 

	 
	 
	 
	 
	 
	 
	 

	4
	2
	22
	21
	17
	13
	moderate

	4
	4
	34
	33
	17
	11
	

	4
	6
	62
	60
	17
	6
	

	 
	 
	 
	 
	 
	 
	 

	5
	2
	25
	17
	24
	21
	high

	5
	4
	36
	24
	24
	19
	

	5
	6
	65
	53
	24
	13
	

	 
	 
	 
	 
	 
	 
	 

	6
	2
	34
	28
	19
	14
	low

	6
	4
	40
	34
	19
	12
	 

	6
	6
	82
	82
	19
	3
	 

	
	
	
	
	
	
	

	10
	2
	23
	17
	28
	24
	high

	10
	4
	25
	18
	28
	24
	 

	10
	6
	57
	43
	28
	15
	 

	
	
	
	
	
	
	

	11A
	2
	21
	20
	19
	15
	low

	11A
	4
	35
	31
	19
	13
	 

	11A
	6
	75
	74
	19
	4
	 



Units 7, 11B-E, and 12 were not analyzed because only fixed plot data was gathered for these stands of small diameter material.  The stand structure and composition of unit 7 is similar to that of unit 6 and therefore can be expected to have similar mortality projections and a low burnability.  Units 11B-E and 12 are moderately burnable and discussed more above.  Units 8 and 9 were not analyzed because burning is not an option in these stands of the current berry fields.
As the chart illustrates, flame lengths of 2-3 feet are desirable and above 4 ft. should be avoided to prevent high level of mortality across tree species.  Based on outputs, units 2, 3, and 10 present the greatest opportunities for success in maintaining the desired canopy cover due to leave tree size, species, and resulting percent mortality.  If larger openings are allowable, units 1B, 4, 5, 11B-E, and 12 can be burned as long as desired post harvest prescription parameters are met.

Cumulative Effects
	There are no cumulative fire/fuels effects for the proposed units in this project.  All potential cumulative effects of smoke are regulated through compliance with the State of Washington Department of Natural Resources Smoke Management Plan, which meets the requirements of the Washington Clean Air Act (RCW 70.94), Forest Protection Laws (RCW 76.04), and the United States Clean Air Act (42 USC 7401 et seq.).  All prescribed burning including that occurring on federal/public, private, and state land is subject to the regulations and requirements of smoke reporting through the Department of Natural Resources.  Therefore, the level of smoke emissions will not exceed the standards allowed by the state and federal policy.  
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