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Disturbances are an intrinsic part of ecosystem development (Cooper 1913, Raup 1957, Oliver 1981, Pickett and White 1985).  On the Okanogan and Wenatchee National Forests, ecosystems developed in concert with, and are subject to, a variety of natural, introduced, and altered fire regimes.  A fire regime refers to an integration of disturbance attributes including type, frequency, intensity, duration, and extent (Pickett and White 1985).  Natural disturbances on the Okanogan and Wenatchee National Forests include fire, insects, pathogens, wind throw, and weather.  Introduced disturbances include livestock grazing, mining, timber harvesting, roading, insects, and pathogens (especially white pine blister rust).  Historic fire regimes have been altered by management activities including fire exclusion, livestock grazing, and timber harvesting.  Potential global climate change may further impact fire regimes.

On the Okanogan and Wenatchee National Forests, patterns of vegetation and their associated fire regimes are strongly influenced by geomorphology, landforms, topography, physiography, and orographic precipitation gradients.  Historically, this template acted as an environmental sieve or filter under which regional floral and faunal diversity developed.  Altered vegetation patterns and their associated fire regimes create conditions beneficial to some species, but put other species at risk.  More importantly, altered fire regimes potentially destabilize ecosystems and landscapes, thus creating conditions that may promote unprecedented catastrophic disturbance events.  In turn, they may seriously reduce ecosystem resiliency – the ability to return to prior levels of productivity.  Loss of soil nutrients may take decades to replace; loss of the soil itself will take centuries.

Some of the most altered vegetation patterns and fire regimes on the Okanogan and Wenatchee National Forests are within dry forest types: those in the ponderosa pine and Douglas-fir series, and in the warm, dry grand fir associations.  Fire regime alterations are primarily a result of fire exclusion, and have been exacerbated by selectively harvesting large, old ponderosa pine and, more recently, large individuals of other tree species.  Altered fire regimes in dry forests greatly affect the sustainability of adjacent, more mesic forest types.  Changes to other forest types, especially those at higher elevations near the crest of the Cascades, are not as dramatic; however, fire exclusion and other management actions, coupled with native and introduced insect and pathogen dynamics have put these ecosystems and landscapes at a greater risk to unprecedented catastrophic disturbances.  A stand at risk to catastrophic fire and embedded in a fire-resistant landscape is at less risk to loss than a fire-resistant stand embedded in a matrix prone to stand-replacing fires.

Fires are and will continue to be the primary disturbance risk faced by land managers in sustaining vegetation pattern across landscapes on the Okanogan and Wenatchee National Forests.  The increased risk of damage by insects and pathogens within some forest types is directly tied to the increased risk of catastrophic wildfires within these forests.  

Forests on the eastern slopes of the Washington Cascades are subject to many different kinds of disturbances.  For the purpose of Fire Management planning on the Okanogan and Wenatchee National Forests, the most important disturbance is fire.  In order to aid fire management analysis efforts, five fire regime classes have been identified as discussed in “Mapping Historic Fire regimes for the Western United States: Integrating Remote Sensing and Biophysical Data” (Hardy et al 1998).  They reflect fire return intervals and severity.

I. <35 years/non-lethal (mostly forested areas)

II. <35 years/stand replacement (grasslands and shrublands).

III. 35-100+ years/mixed severity.

IV. 35-100+ years/stand replacement.

V. 200+ years/stand replacement.

Spatial data describing the historic fire conditions under which specific vegetation communities have naturally evolved and have been maintained have been developed for each Land Type Association (LTA).  Historic fire regimes represent the absence of significant human-caused activities, which could and have altered vegetation communities.  According to research conducted from the Wenatchee Forestry Sciences Lab, historic fire regimes began to change approximately 100 years ago (Ohlson and Schellhaas  1999).  This interpretation attempts to represent fire regimes occurring over 100 years ago.  Historic fire regimes will be described in terms of both frequency and severity.  The factors used in developing the interpretation are potential natural vegetation zones and terrain features.  Weather is a critical, but a variable factor that was held as a constant for the development of this interpretation.  

We have modified and further stratified the five fire regimes developed by Hardy, et al, to reflect the Colville, Okanogan and Wenatchee National Forest conditions. Listed below are the fire regimes adopted for this modeling effort:

I 
<35 years non-lethal (mostly forested areas)

II
<35 years stand replacing (grasslands and shrublands)

III
35-100+ years mixed severity

IVa
35-100+ years stand replacing

IVb
100+ years stand replacing, patchy arrangement

IVc
100-200 years stand replacing

V
200+ years stand replacement

We recognized that areas of barren land can be classified as “no burn”, but these areas were not exclusively delineated by the LTA mapping and therefore were not categorized in the fire regime map.  Current vegetation covers do include attributes for water, rock and ice and could be overlaid to determine their spatial arrangement.

I <35 years non-lethal (mostly forested areas).  This implies that historic fire intervals were less than 35 years and were seldom stand replacement.  Local information indicates that historic fire regimes had: less than fifteen years between return intervals; low intensity resulting in ground fires; and that crown fires were not common (Everett).  These low severity fires covered several thousand acres, with larger burns of 10,000 to 30,000 acres occurring every 10 to 20 years (Everett, Camp, and Schellhaas, 1995).  Landtype Associations likely supported single storied open canopy forest communities inferring continental (hot/dry to warm/dry) climatic conditions.  Grasses, forbs, and some low level woody shrubs generally dominated forest understories.  Downed woody debris would have been much less than 15-tons/ acre (Schellhaas) and would have been subjected to repeated ground fires and would have been eventually consumed by ground fire.  Duff layers would have been less than an inch in depth and in many areas non-existent.  Climatic and soil/site features inferred that available soil moisture as limiting and that surface soils were almost always dry during summer months.

The Potential Natural Vegetation (PNV) series that are associated with fire regime I are Douglas-fir with some ponderosa pine/Shrub-steppe; Douglas-fir; Douglas-fir with some grand fir; and Douglas-fir with some ponderosa pine and subalpine fir.  PNV Plant Association Groups (PAG) in this fire regime are: PSME/CARU-CAGE, ABGR/ACCI-BENE/ACTR, PSME/PUTR/AGSP, PSME/PHMA-SYAL, PSME/VAME-VAMY-VACA, and PIPO/AGSP.

This fire regime is one of the most prevalent types on the Wenatchee and Okanogan National Forests.  It occupies sites with precipitation up to 45 inches a year, but is generally found in area receiving less than 25 inches or less a year.  The Douglas-fir and ponderosa pine series are the most xeric on the forest (Lillybridge et al. 1996)  As soil moisture grades into grasslands or shrublands of the steppe plant community  (Fire regime II.)

Historic Conditions

The historic landscape was dominated by an uneven –aged park-like structure (fire climax), composed of small (<1 acre) even-aged clumps of trees (Agee 1994, Agee 1993, Avery et al. 1976).  Large, old (250-400 years) trees tended to dominate the landscape with continuous herbaceous understories.  Open, parklike stands once dominated by ponderosa pine have been replaced with dense stands of immature ponderosa pine, Douglas-fir and grand fir.  Exclusion of fire has allowed microclimates to change becoming more favorable for the shade tolerant species, inhibiting regeneration of ponderosa pine.

Riparian areas, northerly aspects, and other mesic sites were the exception to the open, park-like landscape.  Growing conditions are better on mesic sites allowing Douglas-fir and grand fir to become established in the understory faster during the fire free interval (Agee 1994, Agee 1991).  A variety of stand structures and species compositions would have been present depending on the frequency and severity of fire.

Prior to Euro-American settlement, the primary disturbance within dry forest types on the Okanogan, Wenatchee and Colville National Forests was frequent, low intensity ground fires of natural and anthropogenic origin.  Fire-return intervals within ponderosa pine, Douglas-fir, and warm/dry Douglas-fir, and warm/dry grand fir series ranged from 7 to 33 years (Wischnofske and Anderson 1983, Everett and Schellhaas, unpublished manuscript).  Frequent fires kept fuel levels low, prevented the establishment and growth of thin barked, shade-tolerant species, and perpetuated early seral species, particularly ponderosa pine.  Frequent underburning resulted in open, park-like stands with one or two canopy layers and discontinuity between tree crowns and ground fuels.  Scattered large, open grassy areas on thin soils were almost as distinctive as the park-like stands of ponderosa pine (Hessburg and others 1994).

Insects and pathogens played a role in these simplified forest ecosystems, contributing to the development of important wildlife habitat, nutrient cycling, and stand and landscape-level diversity.  Historically, insects and pathogens within the dry forest types operated at the individual tree or small patch level.  Insects and pathogens acted in concert with fires to reduce stand density. Trees scorched, but not immediately killed, by low intensity ground fires were susceptible to attack by pine engravers beetles and Douglas-fir beetles.  Armillaria root disease killed small numbers of trees weakened by overcrowding, drought, or fire.  Fire scars provided infection courts for decay organisms, which in turn created conditions favorable for macro invertebrate wood decomposers, especially carpenter ants.  Freshly killed trees were soon invaded by woodborers that provided portage for woodpeckers and created tunnels that facilitated the entry of other wood-decomposing agents.  Parasitic dwarf mistletoes were kept in check by the fire regime.  Heavily infected trees were likely to torch as ground fires climbed into the crowns of infected trees on resinous stems, dead branches, and brooms (Weaver 1974).

Western pine beetle was the most important disturbance agent, besides fire, in historical dry forest types.  Large, old ponderosa pine is the preferred host of the western pine beetle (Keen 1943, Wickman and Eaton 1962).  Beetles killed lightning-struck trees, trees infected with root diseases, and trees unable to resist attack because of age or competition-induced stress.  During periodic droughts such as occurred during the 1920’s and 1930’s, forests dominated by large ponderosa pine sustained outbreaks of this insect (Miller and Keen 1960).  Ponderosa pine snags provided nesting habitat for cavity excavators and secondary cavity users.  Birds and other insectivores exploited the insects within beetle-killed trees.  When they fell, these snags became logs, providing habitat to other vertebrates and decomposers.  Log longevity in historic pine forests is not known, but frequent fires probably consumed many, if not most, within several decades.

II <35 years stand replacing (grasslands and shrublands).    This fire regime is generally found below, or as small inclusions within fire regime I, usually related to topographic changes and located mostly in deep canyons on south and west aspects.  Fire return intervals and fire size are similar to those found in fire regime I.   They are part of the steppe region described by Daubenmire (1988).  Grassland/shrubland sites are not capable of supporting a forested community.  A few conifer trees may exist in isolated micro-sites sufficient to support limited forest community development.  Canopy closure is generally less than 10% where trees exist.  The climax shrub communities of the eastern Cascades provide diversity to the landscape as part of a vegetative mosaic (Johnson et al. 1994).  

Climax shrublands are communities where shrub species are the dominant plant form, whereas grasslands are dominated by grass species.  On the Wenatchee, bitterbrush (Purshia tridentate), sagebrush (artemisia tridentate), and busckbrush (ceanothus velutinus) are the most widespread shrub species and bluebunch wheatgrass (agropyron spicatum), blue wild rye (elymus glaucus) and Idaho fescue (festuca idahoensis) are the most widespread grass species.  

Historic conditions

Under historic conditions, vegetation within this fire regime was predominately native bunch grasses, and balsam root, the direct result of frequent fires.  Shrub species were likely confined to more mesic sites such as draws or more northerly exposures, gradually spreading over the landscape until the next fire burned over the site once again resetting the successional clock to native grasses.  Historic fire intervals necessary for a stand replacing fire in mountain grasslands/shrublands were less than 35 years.  Local information indicates that stand replacement fire intervals in these grass/shrub lands was less than 15 years.  Historic fire severity would be low due to fire timing when most grass communities would have already completed their annual growth cycle and were likely already semi dominant resulting in little damage to these communities.  In most cases the fires served to invigorate resprouting and also supported seed germination of many plant species.  LTA likely supported grass/shrub lands with widely scattered ponderosa pine trees that inferred continental (hot/dry) climatic conditions.  Downed woody debris was very uncommon and was less than 5 tons/acre.  Coarse woody debris would have been subjected to repeated low intensity ground fires.  Surface organic layers ranged from non-existent to over two inches in depth comprised almost entirely of decaying grass roots.  Surface soil colors reflect the influence of herbaceous communities and are generally darker than adjoining forest soils.  Climatic and soil/site features inferred that available soil moisture was always limited and that surface soils were almost always dry during most of the summer months.  Moist stress would have been an important ecological process strongly influencing vegetation form and patterns.

The PNV series that are associated with fire regime II are Ponderosa pine/Shrub-steppe; Douglas-fir with some ponderosa pine/Shrub-steppe; Douglas-fir and ponderosa pine/shrub-steppe with some grand fir.  PNV Plant Association Groups in this fire regime are: PSME/CARU-CAGE, PSME/PUTR/AGSP, and PIPO/AGSP.

III 35-100+ years mixed severity.  The more moist plant associations within the grand fir series are included in this regime.  The moist grand fir group is interspersed and positioned generally above the dry forest group.  Plant associations within this group tend to occur at elevations above 3,700 feet, but generally are not found on steep southern exposures.  It can be found in some places below 3,700 feet elevation within riparian areas.  Historic fire intervals ranged from 35 to 100 years with mixed severity.  Fire severity would have ranged from non-lethal to stand replacement depending upon historic stand structure.  LTA likely supported single storied somewhat open canopy forest with some closed canopy forest communities that inferred continental (warm/fry) to transition maritime (warm/moist) climatic conditions.  Forest understories would have been comprised of grasses and low to mid level woody shrubs.  Downed woody debris would have been somewhat common ranged from 10 to 15 tons/acre.  Coarse woody debris would have been subject to occasional ground fires and would have been eventually consumed by fire where fire intervals were much less than 100 years.  Duff layers ranged from a low of .5 to one inch dependent upon fire interval.  Climatic and site features inferred that available soil moisture was somewhat in balance with total vegetation requirements and surface soils were normally dry during most summer months.

Historic Conditions

The vegetation within this fire regime is transitional between the frequent, low intensity fire regime of the dry forests and the infrequent, high intensity regime of the subalpine fir series.  The more cool and moist grand fir associations were influenced by a moderate severity fire regime.  The moderate severity fire regime has a complex interaction of low, moderate and high severity fire.  Such variable fire intensities and severity created a complex mosaic pattern in these moist grand fir associations (Agee 1994).  Under severe fire weather, extremely large areas could be intensely burned.  Moderate to low intensity fires, which occurred more often, fragmented the large patches created by extreme fire events into smaller patches.  These events combined to form complex landscape patterns that were highly variable in both time and space.

Low intensity fires may have reduced tree basal areas up to 20%, tending not to initiate understory development of both seral and shade tolerant species (depending on opening size).  Intense stand replacement fires   may have reduced tree basal areas 70-100%, tending to create opening where shade intolerant species could regenerate (Agee 1994).

Many moist grand fir sites are located in close proximity to dry vegetation group stand types.  Fire frequency on these sites must have been influenced by these neighboring stand structures and fire regimes.  This fire regime seldom produces climax grand fir stands because successional development of these stands would require a fire free period in excess of 200 years.  Very moist and protected riparian areas may have been the exception.  It is estimated that approximately 10% of this vegetation group existed as the late-successional disturbance refugia (Camp 1995).  

Fire intensities in the moist grand fir associations range from low to high; fire effects on vegetation varied with respect to fire intensity.  Low intensity, surface fires allowed ponderosa pine, western larch, and Douglas-fir to dominate.  Moderate intensity fires killed between 20 and 70 percent of the stand, allowing a variety of successional trajectories that were a function of residual stand amounts and species compositions.

Computer simulations of the effects of moderate severity fires in the grand fir forests indicate that western larch and ponderosa pine generally survive, while basal areas of other species decline by 75 to 100 percent (Peterson and Ryan 1986).  Further, studies from Montana suggest that residual larch often out compete residual Douglas-fir following moderate severity fires (Reinhart and Ryan 1988).  As fire intensity increases, lodgepole pine is the favored species in the regenerating stand if it was present in the burned stand.  Even moderate intensity fires kill all but the largest individuals of grand fir.  Following fires, a new cohort of regeneration will establish; number, size, and crown characteristics of residual trees strongly influence competitive interactions among species within the new cohort.  With increasing canopy cover from residual trees, the more shade-tolerant grand fir and Douglas-fir are favored over larch and pine.

Structural and compositional diversity within pre-settlement moist grand fir association forests were high.  A variety of tree species and complex, interacting fire regimes resulted in a diversity of different successional trajectories.  At the landscape level, these different trajectories were expressed as a shifting array of stands having a variety of species compositions, structures, and age classes.  High intensity fires at intervals of less than 200 years perpetuated even-aged stands of lodgepole pine.  Moderate to high intensity fires at intervals longer than 200 years favored western larch and western white pine.  Successive moderately intense fires led to larch and lodgepole pine overstories, with younger cohorts of Douglas-fir and grand fir in the understory.  Stand replacing fires sometimes replicated this composition and structure in even-aged stands (Cobb 1988).  Stands containing multiple cohorts and even-aged, stratified mixed-species stands provided multiple canopy layers (Smith 1986).

The PNV series that are associated with fire regime III are Douglas-fir and grand fir; Douglas-fir and western hemlock; Grand fir and western hemlock; Douglas-fir with some ponderosa pine/shrub-steppe; Douglas-fir with some ponderosa pine and subalpine fir; and Douglas-fir, western hemlock, and subalpine fir.  PNV Plant Association Groups (PAG) in this fire regime are: PSME/PHMA-SYAL; TSHE/VAME/CLUN; ABGR/ACCI-BENE-PAMY; PIPO/AGSP; TSHE/ACCI-BENE-PAMY; ABLA2/VAME-LIBOL; ABGR/ACCI-BENE/ACTR.  Due to the fact that The Okanogan NF generally has very little grand fir, this fire regime did not model well on the Okanogan NF utilizing just LTA.  As a result of consultation with Terry Lillybridge, PAG 2503 was selected as a good indicator of the mixed severity fires we were trying to capture.  This includes the following Plant Associations: ABLA2/CLUN, ABLA2/PAMY, ABLA2/LIBOL, ABLA2/VACA, ABLA2/VAME.  When PAG 2503 was added to the existing fire regime map and added to fire regime III a scattered shotgun pattern appeared in many places.  To reduce the occurrence of this, but maintain the more random occurrence of this fire regime, the 2503 PAG cover was resampled filtering out any polygons less than 50 acres.  Then the map was regenerated and reviewed by Okanogan NF personnel.  They were satisfied with the location and scattered appearance of the results.  It has been left in the cover with a unique data entry of “3b” in the “regime” field.  This is not a new fire regime, but simply a unique identifier for this PAG to allow for further adjustments in the model if it is needed.  

IV 35-100+ years stand replacing.  This fire regime covers a wide range of conditions in the Hardy fire regimes.  For the Colville, Okanogan and Wenatchee National forest areas we found it necessary to further stratify this fire regime.  It was broken into fire regimes IVa 35-100+ years stand replacing, IV b 100+ years stand replacing, and IV c 100-200 years stand replacing.  These fires were historically stand replacing and less than 1,000 acres, with larger fires averaging between 1,000 and 2,000 acres (Spurbeck, Ohlson, Riesterer and Schellhaas, 2000).  This allows managers to describe conditions that appear important to local conditions, but maintains the integrity of the original five fire regimes presented by Hardy.  

In general, fire regime IV is best represented by the subapline fir series.  The subalpine fir (Abies lasiocarpa) series extends from mid-elevation, generally above 4,900 feet, to upper timberline, and is one of the coolest and moistest of the forested zones.  Cool summers, cold winters, and development of deep winter snow packs are more important factors than total precipitation in differentiating this vegetation group from lower forested zones (Franklin and Dyrness 1973).  Although subalpine fir is inferred as the climax dominant tree species, Engelmann spruce (Picea engelmannii) is considered of equal value within this series.  Engelmann spruce is best developed on the more moist habitats within this series (Williams and Smith unpubl. rep.).  Lodgepole pine (Pinus contorta) is an important component of many seral stands, especially those burned within the last 100 years (Lillybridge et al. 1996, Williams and Smith unpubl. Report).

Whitebark Pine Associations are generally found on upper slopes, ridge and mountain tops on exposed sites at the highest elevations where upright tree growth is possible.  It is included with Fire regime IV due in part to its proximity to the subalpine fir plant association.  This entire plant association is highly dependant on fire.  As moisture increases nearing the crest of the Cascades it is replaced by mountain hemlock and/or subalpine fir.  Subalpine larch (Larix lyallii) is sometimes associated with whitebark pine (P. albicaulis) but is often on more northerly aspects.  Both species are frequently deformed (because of the harsh environment) forming krummholz (twisted wood) stands.  However, whitebark pine is less tolerant to high snow pack than subalpine larch (Williams and Smith 1991).  Whitebark pine is one of the only trees capable of establishing on sites without shelter from other trees (Williams and Smith 1991), a trait which obviously allows them to occupy the highest, harshest environments.

Historic Conditions

Successional development played an important role in this series, due largely to longer fire intervals.  Fire tends to kill all the tree species in these forests.  Western larch (Larix occidentalis) and lodgepole pine were common early seral dominants.  Seed availability would determine which species would reestablish.  More shade tolerant species, subalpine fir and Engelmann spruce, would follow.  Replacement may take more than two centuries.  Often, another stand replacement fire occurred before the replacement sequence was complete (Agee 1994).

Landscape pattern would have been highly variable both in space and time. Forest patch sizes resulting from disturbance were generally small with a few large patches (1 to 50+ acres).  Moderate intensity burns probably greatly influenced the structural development of these subalpine fir stands.  Low or moderately intense fires which occurred between stand replacement events would spread from adjacent drier community types, often killing 10-50% or more of a stand and creating openings for understory development (Agee 1993).  With moderate intensity fires, mid-successional stands could develop layered structures more rapidly than by successional processes alone.  This means that the landscape probably contained more layered stands (late-successional structure) than single-storied stands (mid-successional).

Historic fire regimes varied within subalpine fir forests.  Generally, fires in subalpine fir forest types were infrequent (over 100 years) and intense, resulting in complete stand-replacement on over 70 percent of the burned area (Agee 1990).  Stand-replacing fires initially homogenized landscapes; over time, the activities of pathogens and insects provided fine-scale diversity and heterogeneity.  At intervals of less than 200 years, stand-replacing fires in the subalpine fir series favored even-aged stands of lodgepole pine; return intervals greater than 200 years often reduced the presence of lodgepole pine and favored early dominance by Douglas-fir and western larch.  Douglas-fir was favored on warmer, drier plant associations (Williams and Smith 1991).  Subalpine fir is very intolerant of fire; mortality was high even when fires did not crown; however, the low branches of subalpine fir and its associated canopy lichens often carried fires into the canopy (Huff 1988), which increased fire extent.  

Once established, lodgepole pine stands tended to be perpetuated.  Mountain pine beetles attacked mature stands of lodgepole pine; mortality was high.  Outbreaks of mountain pine beetle created substantial fuel loads that led to stand-replacing fires, and a cyclic successional trajectory that perpetuated both vegetation pattern and associated Fire regime.  Lodgepole pine dwarf mistletoe probably led to increased fire intensity in infected stands.  The serotinous cones of lodgepole pine provided a competitive post-fire establishment advantage.  Even in stands that contained small amounts of lodgepole pine, stand-replacing fires favored pine regeneration and, potentially, future successions of pure lodgepole pine.

Subalpine fir forests existed under a wide range of conditions; departures from the general fire regime existed.  Where subalpine fir was bounded downslope by dry Douglas-fir forests, such as on the Chelan and Entiat Ranger Districts and in the vicinity of Mission ridge, the fire regime included more frequent, less intense fires.  Low and moderate intensity fires originating in dry Douglas-fir stands burned into subalpine fir forests and only became stand-replacing when fuels and weather conditions were favorable.  Mortality from these fires was patchy, favoring more shade-tolerant Douglas-fir, subalpine fir, and spruce.  Trees scorched or scarred by low and moderate intensity fires became susceptible to insects and pathogens.  

Fire extent in subalpine fir forests was a function of weather patterns and landscape patchiness.  Strong winds drove fires until fuels were exhausted, often at the upper treeline.  In some areas, subalpine fir forests consisted of groups of trees (islands) surrounded by talus or other substrates that did not promote stand-replacement fires.  In such instances, fires killed some groups of trees and left others.  Historic fire return intervals in subalpine fir forest were not always long.  In a study in the central Washington Cascades, Woodard (1977) documented much shorter (15 - 40 years) fire return intervals in subalpine fir forests.  In some instances, shorter intervals occurred because mortality from one fire fueled the next fire (Everett and others, study in progress; other citations). 

Fire frequency in whitebark pine series tended to be more frequent than in the subalpine series.  Where large stands existed the composite fire return interval was about 30 years (Agee 1993). Fires were of high severity and intensity.  Regeneration was largely from seeds that are cached by Nucifraga columbiana (Clark's nutcrackers; Franklin and Dyrness 1973, Williams and Smith 1991, Agee 1993).

The portion of various structural stages under "natural" conditions within this series is unknown.  Diverse topography, contagious distribution of krummholz stands, and slow growing conditions make it difficult to describe successional patterns.  Whitebark pine may have been more common throughout the upper portions of some river basins as a result of relatively frequent fires in other vegetation types.  Whitebark pine is successional to subalpine fir and mountain hemlock (Williams and Smith 1991).  Fires occurring on sites which are subalpine fir and mountain hemlock climatic climax would favor whitebark pine.  Once this species was present, fires could have been more frequent maintaining whitebark pine indefinitely.  The scenario described is similar to the ponderosa pine dominated fire climax communities in the dry forest group.

Historically, seral whitebark pine stands were maintained by stand-replacing fires in upper-elevation subalpine fir and mountain hemlock forests.  Seeds cached by the Clark's nutcracker gave the species a competitive advantage in colonizing the interior of large burned areas.  On sites where the combination of cold, wind, and late-summer drought precluded the formation of closed forest, open stands of climax whitebark pine occurred.  Although upper slopes and ridges in the whitebark pine series were frequently struck by lightning, fuels were sparse, limiting the extent of historic fires.  The fires that were ignited by lightning in 1994 provide an example of the pattern of storm activity where this series occurs.  Lightning strikes that killed individual trees and small clumps were probably more common than ground fires.  Fire return intervals are not known for whitebark pine ecosystems on the Colville, Okanogan & Wenatchee National Forests.  In Montana, Arno (1980) documented a wide range of fire return intervals, 60 to over 300 years.  

A number of insects attack whitebark pine; mountain pine beetle is the most important, although regeneration can be affected by several associated cone worms (McCaughey and Schmidt 1990).  Historically, whitebark pine was not susceptible to most pathogens.  Small trees can be killed or sustain mechanical damage from rodents or bears.  Abrasion by wind-driven ice crystals sometimes cause extensive damage to open-grown trees.  

IVa 35-100+ years stand replacing.  This fire regime appears to duplicate the Hardy fire regime IV.  However it is designed to capture those lodgepole stands that tend to remain in an early seral condition, due to fires often occurring more frequently than 100 years. LTA likely supported somewhat dense, mostly single storied closed canopy forest communities of lodgepole pine that are the early seral condition of subalpine PAG’s and burn before moving into the next seral species due to another fire event.  These areas tend to be located above drier sites where fires occurred more frequently and burn into these stands.   This is referred to as the “dry site connection” (Schellhaas & Ohlson, work in progress).  These forest communities inferred strong continental (cool/moist) or inland maritime (warm/moist) climatic conditions.  Grasses or low-level shrubs generally occupied Forest understories.  Downed woody debris is common ten or more years after a fire event, and range from 15 to 25 tons/acre (Graham).  Coarse woody debris subjected to the next fire is consumed.  Duff layers ranged from a low of .5 inches to 1.5 inches dependent upon fire interval.  Climatic and site features inferred that available soil moisture exceeds total vegetation requirements but the surface soils were normally dry during part of the summer months.

The PNV series that are associated with this fire regime are subalpine fir; subalpine fir with some silver fir; subalpine fir with some silver fir/mountain hemlock.  PNV Plant Association Groups in this fire regime are: ABLA2/VAME-LIBOL, ABLA2/VASC, and ABLA2/COCA/EQUIS.

IVb  100+ years stand replacing patchy arrangement.  This implies that historic fire intervals were over 100 years.  These fires occurred in forests that are primarily subalpine fir parkland.  More than 60 percent of the acreage in these areas is barren land, not prone to fire.  However, where conifers are present, usually in patches, they will still burn, usually in a droughty year.  These are usually stand replacing fires.  These areas also fit the criteria for the location of refugia (Hessburg, consultation).

Forest communities inferred strong continental (cool/moist) climatic conditions.  Wind dissemation would also been a strong environmental growth regulator.   Forest  stands  were not continuous but would have been fragmented by barren exposed bedrock and talus.  Low-level shrubs generally occupied forest understories.  Downed woody debris generally exceeded 20 tons/acre.  

Due to severe slopes, replacement crown fires would likely have been flashy allowing down woody debris to persist into future fire events.   Duff layers ranged from one to two inches.  Soils were extremely rocky, coarse textured and shallow.  Climatic and site features inferred that available soil moisture exceeded vegetation requirements.  However, due to soil characteristics surface soils were normally dry during part of the summer.

The PNV series that are associated with fire regime IVb are parkland; parkland and Subalpine fir; and parkland with some subalpine fire.  PNV Plant Association Groups in this fire regime are: PARKLAND, TSME/MEFE-VAAL.

IVc 100-200 years stand replacement.  

Forest communities reflect strong continental (cool/moist) climatic conditions.  Low to mid level shrubs generally occupied forest understories.  Downed woody debris generally exceeded 20 tons/acre.  Duff layers ranged from one to one and a half inches.   Climatic and site features inferred that available soil moisture exceeded vegetation requirements and that the surface soils were normally dry for only a portion of the summer. 

At intervals of less than 200 years, stand-replacing fires in the subalpine fir series favored even-aged stands of lodgepole pine; return intervals greater than 200 years often reduced the presence of lodgepole pine and favored early dominance by Douglas-fir and western larch.  Douglas-fir was favored on warmer, drier plant associations (Williams and Smith 1991).  Subalpine fir is very intolerant of fire; mortality was high even when fires did not crown; however, the low branches of subalpine fir and its associated canopy lichens often carried fires into the canopy (Huff 1988), which increased fire extent.  

The PNV series that are associated with fire regime IVc are subalpine fire; subalpine fir with some parkland; subalpine fire and parkland with some silver fir/mountain hemlock; subalpine fire with some silver fir/mountain hemlock; western hemlock; western hemlock with some subalpine fir; subalpine fire with some western hemlock; and subalpine fir with some Douglas-fir.  PNV Plant Association Groups in this fire regime are: TSHE/VAME/CLUN, TSHE/MEFE-XETE, TSHE/ACCI-BENE-PAMY, PSME/PHMA-SYAL, ABLA2/VAME-LIBOL, ABLA2/VASC, ABLA2/RHAL-XETE, and ABLA2/COCA/EQUIS, ABLA2/VAME, ABLA2/COCA/EQUIS.

Land Type Association Fb8 contains forest patches fragmented by bedrock exposures that limits stand replacement on a landscape scale. 

V 200+ years stand replacement.  

This fire regime includes the majority of the associations in the western hemlock (Tsuga heterophylla), silver fir (Abies amablilis), and mountain hemlock (T. mertensiana) series.  These plant associations have been grouped together because of their similar fire regime.  The mountain hemlock series may be more appropriately grouped with the subalpine fir series since they occupy similar elevation zones and similar sites.  However, mountain hemlock tends to dominate in the upper portion of many watersheds, rather than subalpine fir.

The presence of this type of vegetation in the upper portion of watersheds corresponds with the maritime climate.  Yearly precipitation is particularly high (60‑100 inches) as compared to the lower half of most drainage’s, which is more influenced by a continental climate.  As a result, forest vegetation is more similar to that west of the Cascades.

The distribution of the plant series within this fire regime can be generalized.  In the upper third of riverbasins, the transition in dominant vegetation from valley bottom to ridge top consists of co dominant western hemlock and western red cedar (Thuja plicata), silver fir and western hemlock, silver fir and mountain hemlock, and mountain hemlock and some subalpine fir, respectively.  

Historic Condition

Fire return intervals are not well‑known for the western hemlock, western red cedar (Agee 1994), and Pacific silver fir series.  However, fire return intervals are thought to have been long, 100 to 500 years (Agee 1993, Agee 1994, Hessburg et al. 1994, Williams and Smith 1991), and consisted mostly of stand replacement events generally 4000 to 8000 ac (Agee 1993, Agee 1994). High severity fires tended to kill all the trees on the site, while low to moderate severity fires, occurring at a variety of intervals, favored a mix of tree species.  For example, Hessburg et al. (1994) state that severe fires within the western hemlock series at intervals less than 200 years favored lodgepole pine when lodgepole was present in the original stand, while intervals longer than 200 years tended to favor western larch and western white pine (P. monticola).  Fires of moderate intensity promoted establishment of western larch, Douglas‑fir and western white pine (Williams and Smith 1991).

As previously mentioned, the mountain hemlock series is more closely associated with the subalpine fir series.  Fire return intervals tended to be somewhere between 100 to 200 years (Agee 1994).  However, little is known of fire effects in the eastside mountain hemlock series because of their limited distribution.  Agee (1994) notes that stand‑replacing events appear to be variable in size tending towards a frequency distribution represented by a negative exponential curve (few large fires, many small fires).  On drier sites, whitebark pine would have been present as an early seral dominant.  Early successional stages would be maintained by periodic lightning caused fires.  In the more moist sites, fires were less common and late successional forests dominated.

With a few exceptions noted below, historic and current fire regimes in wet forests on the Colville, Okanogan and Wenatchee NF are similar.  Fires in the wet forest group as a whole are infrequent and usually severe.  Though severe fires occur only rarely, ignitions from lightning strikes can be locally high.  These lightning ignitions kill individual and small groups of trees, providing an important snag component to high elevation wet forests.  Conditions are rarely conducive to fires spreading much beyond the initial ignition point.  Plot data on the Wenatchee NF suggest fire-return intervals were between 100 and 200 years in the western hemlock series and Pacific silver fir series and 300 to 500 years in the mountain hemlock series (Lillybridge and others 1996, Agee 1993). Fires generally occurred under anomalous weather conditions that include summer drought and strong east winds (Agee 1993).  Fire-return intervals may be more frequent where wet forests exist on north aspects and are surrounded by warmer, drier forest types (Agee 1993).  In stands where late-successional species are abundant, even ground fires can result in high mortality since the shallow roots and thin bark characteristic of many climax species in wet forests makes them extremely intolerant of fires.  Extensive communities of lichens in the canopies of mature trees contribute to fire moving into the crowns and spreading more rapidly and extensively than fires burning in the duff.  Following a stand-replacing fire, seedling establishment may be delayed because of nighttime frosts and high daytime summer temperatures.  There is often heavy competition from shrubs, including those that fix nitrogen and thus contribute to site productivity. 

Historic fire intervals, in this fire regime, necessary for a stand replacing fire exceed 200+ years.  LTA generally supported dense multi-storied closed canopy forest communities that inferred strong maritime and inland maritime (cool/moist) climatic conditions.  Forest understories were generally occupied by mid to tall level woody shrubs.  Downed woody debris is abundant and often exceeds 30 tons/acre (Graham).  Course woody debris has time to decay and becomes incorporated into soil-humus and soil/wood.  Duff layers often exceed two inches in depth and composed of approximately 50 percent of decaying wood.  Climatic and site features infer that available soil moisture exceeds total vegetation requirements and that the surface soils are somewhat moist to moist during most months.

Land Type Association Fb7 contains forest patches fragmented by bedrock exposures that limits stand replacement on a landscape scale. 

The PNV series that are associated with fire regime V are silver fir and mountain hemlock; silver fir and mountain hemlock with some western hemlock; silver fir and mountain hemlock with some subalpine fir; silver fir and undifferentiated; western hemlock; western hemlock and subalpine fir with some Douglas-fir; and western hemlock with some subalpine fir.  PNV Plant Association Groups in this fire regime are: TSHE/RHAL-VAME, ABAM/MEFE-RHAL-VAME, ABAM/ACCI/TITRU, ABAM/VAME-RULA, TSME/MEFE-VAAL, ABAM/MEFE-VAAL, 
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