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investigated on vegetation and soil microbial community composition. Vegetation 

communities showed a strong response to bum severity, with distinct communities 

associated with each bum severity class. Indicator Species Analysis was used to 

identify plant species associated with each bum severity class; one interesting result 

from ISA was that trembling aspen (Populus tremuloides) seedlings emerged as an 
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using Phospholipid Fatty Acid analysis and showed moderate variation among bum 
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severity. The C:N ratio, total soil S, and soil pH differed significantly among bum 

severity classes. While the effect of bum severity is pronounced upon vegetation three 

years post-fire, effects on soil microbial communities are less evident. This could be 

attributed to the insulating properties of soils, the time elapsed after fire, or it could be 
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VEGETATION AND SOIL MICROBIAL COMMUNITIES THREE 
YEARS AFTER WILDFIRE IN SPRUCE-FIR FORESTS OF 

NORTHWESTERN WYOMING 

1.1. Introduction 

Wildland fires affect ecosystems in diverse and complex ways. Trying to understand 

and predict the varied effects of fire remains a challenge to the scientific and resource 

management communities. Fire is heterogeneous in its effects on the landscape by 

creating a mosaic of bum severity patches juxtaposed with unburned areas. These 

landscape effects result from fuel and weather conditions at the time of burning. This 

contributes to landscape diversity by leaving patches of vegetation in different 

successional stages, resulting in a wide array of habitats for plants, wildlife, and 

organisms that live in the soil (Perry 1994; DeBano et al. 1998). 

Bum severity is the ecological response of an area to fire (Turner et al. 1994; Key and 

Benson 2003). Exploring the ecological effects of the bum severity mosaic is 

fundamental to understanding ecosystem recovery and resilience following fire. 

Organism survival is negatively correlated with bum severity (Halpern 1988; Bradley 

et al. 1992; Turner et al. 1994; Turner and Romme 1994). The number and 

distribution of biological legacies affects successional patterns and community 

composition and structure, which contribute to landscape diversity (Foster et al. 1998; 

Turner et al. 1998). The spatial arrangement of the bum severity mosaic can also 

influence ecosystem recovery, as species dispersal into small, linear patches occurs 

more quickly than into larger circular ones (Turner et al. 1998). The factors shaping 

postfire succession are varied and their interactions are complex. The mosaic of bum 

severity is overlain on existing edaphic and environmental gradients, which are 

affected to varying degrees by historical and stochastic factors (Halpern 1988; 
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Christensen et al. 1989; Halpern and Franklin 1990; Turner and Rornme 1994; Chapin 

et al. 2002). Understanding how different bum severities affect post-fire vegetation 

and soil microbial community composition is a step toward determining the rates and 

patterns of ecosystem change. 

Variation in bum severity also affects the abiotic environment directly through 

physical and chemical alterations of soils, and indirectly through habitat alteration 

such as increased soil temperatures via insolation and increased soil moisture from 

reduced evapotranspiration (Agee 1993; Fisher and Binkley 2000). Intense fire can 

produce temperatures that volatilize and oxidize soil organic matter and soil nutrients, 

while low intensity fire might not even transmit heat to the mineral soil (DeBano et al. 

1998; Fisher and Binkley 2000). Widely ranging burn severities distributed among 

various patch sizes and shapes contribute to richness in pyrodiversity across the 

landscape both above and below ground. This study focuses on the effect of bum 

severity on the composition of vegetation and soil microbial communities three years 

after wildfire. 

1.2 Research Objectives 

My research explores the short-term (third-year) effects of bum severity on vegetation 

and soil microbial communities in Engelmann spruce (Picea engelmannii Parry ex 

Engelm.) and subalpine fir (Abies lasiocarpa [Hook.] Nutt.) forests of northwestern 

Wyoming. Specific objectives for the vegetation community are: 

'9e Determine whether vegetation composition, species richness, and 

tree regeneration vary among burn severity classes 

'9e Identify the biotic and abiotic variables that best explain community 

patterns 



Specific objectives for the soil microbial community are: 

'9e Determine whether soil microbial community composition and 

aspects of soil chemistry vary among bum severity classes 

3 

'9e Identify the biotic and abiotic variables that best explain community 

patterns 

The last research objective applies to both the vegetation and soil microbial 

communities: 

<41 Are the post-fire vegetation and soil microbial communities correlated? 

The scope of inference in this study is limited to the Enos, Moran, and Wilcox fires 

included within a designated study area. This study area was dominated by a spruce

fir overstory, did not experience multiple recent disturbance events (no more than one 

event within the last 30 years), and was located within 2 km of an access point. 

1.3 Background and Expectations from Previous Work 

1. 3.1 Vegetation 

Much research has been conducted on postfire dynamics in forests of the Greater 

Yellowstone Ecosystem, especially in the wake of the 1988 Yellowstone Fires. This 

work has focused primarily on vegetation responses to fire. Previous work forms a 

baseline from which to derive expected outcomes of this research. While little work 

has quantified bum severity, vegetation composition has been shown to vary with bum 

severity (Rice 1993; Turner et al. 1997; Doyle et al. 1998; Arevalo et al. 2001). The 

composition within post-fire vegetation communities has been explained primarily by 
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site and/or edaphic variables and secondarily by a gradient in burn severity (Rice 

1993; Arevalo et al. 2001). Species richness typically varies inversely with burn 

severity (Anderson and Romme 1991; Turner et al. 1997). In contrast, Doyle et al. 

(1998) found a positive correlation between diversity and higher bum severities. Tree 

seedling regeneration also varies with burn severity, as highest seedling density has 

been found in severely burned areas within lodgepole pine (Pinus contorta Dougl. ex 

Loud. var. latifolia Engelm. ex Wats.) forests (Kay 1993; Romme et al. 1997; Turner 

et al. 2003b). However, Doyle et al. (1998) found higher seedling densities in less 

severe bums in spruce-fir forests. 

1.3.2 Soils 

While no previous study has specifically looked at the response of the soil microbial 

community to different levels of bum severity, some components of past research can 

be used to predict outcomes of this project. Fire can alter the soil habitat by removing 

organic matter, killing soil organisms, raising soil pH, increasing the rate of nutrient 

leaching, oxidizing compounds to a gaseous form, vaporizing compounds that were 

solid, removing nutrients by convection, increasing erosion, increasing nutrient 

availability through the ash layer, decreasing water infiltration through the creation of 

water repellent layers, and potentially increasing the rates of nitrogen fixation by 

allowing early-successional nitrogen-fixing plants to establish (Fisher and Binkley 

2000). Additionally, microclimate can be significantly altered by fire. The removal of 

the vegetation and soil organic layers can lead to extremes in temperature and 

increased soil moisture (Fisher and Binkley 2000). These changes can have 

significant impacts on the composition of the soil microbial community. 

It is difficult to generalize about the effect of fire on soil microbes since much variety 

exists among fire effects and site conditions (Borchers and Perry 1991; Amaranthus 

and Trappe 1993). Additionally, differences in how much time has elapsed post-fire 



complicate the synthesis of trends. Some studies report microbial community 

recovery within one month (Deka and Mishra 1983), after one year (Vazquez et al. 

1993), not within 11 years (Dumontet et al. 1996), or recovery is expected after 35 

years (Baar et al. 1999). 
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Another source of difficulty in generalizing about the soil microbial community is in 

its definition. Some studies focus on only specific types of fungi; some investigate 

physiological groups of organisms; others examine only bacterial communities; and 

some study bacteria, fungi, and protozoa together. Additionally, the methodology 

used to study these organisms ranges from culturing organisms to employing 

molecular methods to assess community composition and structure. 

It has generally been found that fire causes an increase in bacteria mainly due to 

favorable conditions caused by decreased soil acidity (Ahlgren and Ahlgren 1960; 

Borchers and Perry 1991; Vazquez et al. 1993 ). Fungal populations can decrease after 

fire due to the increase in pH or the inhibitory effects of chemical transformations of 

the soil organic matter (Vazquez et al. 1993 ). The density of ectomycorrhizae and 

vesicular-arbuscular mycorrhizal propagules and therefore, the mycorrhizal inoculum 

potential of the soil, have been shown to decrease after fire (Vilarifio and Arines 

1991; Amaranthus and Trappe 1993; Vazquez et al. 1993; Pattinson et al. 1999; Korb 

et al. 2004), but this is dependent on bum severity and the time that has elapsed since 

fire (Haskins and Gehring 2004). Certain early successional fungi have been 

identified as dominating the post-fire microbial community, namely certain 

"phoenicoid" ascomycetes such as members of the order Pezizales and E-strain fungi 

that are considered to be ectendomycorrhizal (Zak and Wicklow 1980; Egger and 

Paden 1986; Herr et al. 1994; Miller et al. 1998; Mah et al. 2001). These early 

successional fungi thrive in the post-bum soil environment due to higher soil pH and 

lower competition from other microbes (Zak and Wicklow 1980). 



Some E-strain fungi can persist in the soil as thick-walled endospores; this may 

facilitate their dispersal in post-fire environments (Mah et al. 2001). 
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There has been no previous work on soil microbial community response to different 

levels of burn severity utilizing Phospholipid Fatty Acid (PLFA) analysis. 

Phospholipids are essential components ofliving cell walls and can be affiliated with 

specific organism groups (Zelles 1999). "Indicator" PLF As can be used to obtain a 

fingerprint of the soil microbial community at the time of sampling. Previous research 

studying the soil microbial community response to disturbance has found unique 

community structures associated with different disturbance levels. Bardgett et al. 

(2001) found microbial communities dominated by gram-positive bacteria in areas that 

were heavily disturbed by sheep grazing. These sites also had higher soil pH. Fungal 

dominance of the microbial community occurred in sites that were undisturbed or 

lightly disturbed by grazing. Baa.th et al. (1995) found an increase in the abundance of 

bacteria after fire and a decrease in the amount of fungi, which may have been a 

function of increased soil pH and/or the destruction of ectomycorrhizal root tips and 

hyphae. McCulley and Burke (2004) found low fungal:bacterial ratios in a recently 

burned tallgrass prairie. This result was contrary to their expectation, as tallgrass 

prairie soils are dominated by fungi. They hypothesized that their results could be 

attributable to the fire-induced changes in the soil microbial community. 

There has been a substantial amount of research on the effects of fire on soil 

chemistry, especially on post-fire soil nitrogen dynamics. Nitrogen can be lost during 

fire through convection and/or volatilization. Nitrogen remaining on site as ash can be 

leached by runoff or percolation through the soil profile (McNabb and Cromack 

1991). Nitrogen-fixing plant species can establish after fire and help offset nitrogen 

losses. Some nitrogen-fixing cyanobacteria form symbiotic relationships with fire

stimulated mosses, which is another potential mechanism of post-fire nitrogen inputs 

to ecosystems (Wardle et al. 1998). Sulfur inputs to the soil can be limited and may 



include volcanic eruptions, environmental pollutants, and weathering of parent 

materials (McNabb and Cromack 1991; DeBano et al. 1998). Sulfur can be lost 

during fire by the volatilization of plant biomass (DeBano et al. 1998). 
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The amount of nutrient loss correlates with the degree of bum severity (McNabb and 

Cromack 1991; Neary et al. 1999). Soil pH generally increases after fire due to the 

abundance of cations deposited in the ash layer (DeBano et al. 1998; Fisher and 

Binkley 2000). Antos et al. (2003) found elevated soil pH persisting for at least three 

years after fire. Studies have shown decreases in total C and N after fire (Baird et al. 

1999; Antos et al. 2003). A meta-analysis by Johnson and Curtis (2001) showed 

inconsistent results with respect to post-fire trends; however, both C and N were found 

to increase significantly with time after fire. 

1.3.3 Vegetation and Soils 

The above- and below- ground communities function in tandem by simultaneously 

producing organic material and decomposing that material into forms accessible to 

microbes and plants (Wardle 2002). A strong correlation between the vegetation and 

soil microbial communities has been shown in many studies. Moreover, mycorrhizal 

fungi have been shown to influence the composition and structure of vegetation 

communities (Doerr et al. 1984; Gange et al. 1993; van der Heijden et al. 1998; 

Hartnett and Wilson 1999; Eom et al. 2000; O'Connor et al. 2002). While the 

vegetation community is logically correlated with its mycobionts, the relationships 

between the soil microbial community and the vegetation community are complex and 

hard to generalize (Porazinska et al. 2003). Previous research has shown that plant 

diversity can affect soil microbial community composition and function, primarily due 

to increased levels of plant production associated with higher plant diversity (Zak et 

al. 2003). 
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1.4 Study Area 

1. 4.1 Spruce-Fir Ecosystems 

Spruce-fir forests in northwestern Wyoming are dominated by Engelmann spruce and 

subalpine fir, with occasional whitebark pine (Pinus albicaulis Engelm.), lodgepole 

pine, aspen (Populus tremuloides Michx.) and/or Douglas-fir (Pseudotsuga menziesii 

[Mirb.] Franco var. glauca [Beissn.] Franco). Spruce-fir forests are found on 

relatively moist sites above 1850 meters (Loope and Gruell 1973). Engelmann spruce 

is the dominant species in moist environments such as valley bottoms and lakeshores 

(Loope and Gruell 1973); otherwise it shares dominance with subalpine fir. The 

understory is composed of diverse and productive herbaceous and shrub layers (Gruell 

1980a). Common understory species include grouse whortleberry (Vaccinium 

scoparium Leiberg ex Cov.), blue huckleberry (V. membranaceum Dougl. ex Torrey), 

heartleaf arnica (Arnica cordifolia Hook.), elk sedge (Carex geyeri Boott), pinegrass 

(Calamagrostis rubescens Buckl.), western meadowrue (Thalictrum occidentale 

Gray), white spiraea (Spiraea betulifolia Pallas var. lucida [Dougl. ex Greene] 

Hitchc.), and sickletop lousewort (Pedicularis racemosa Dougl. ex Benth. var. alba 

[Pennell] Cronq.) (Steele et al. 1983). Time since the last fire affects species 

composition and distribution as much as topographic and edaphic factors (Loope and 

Gruell 1973). A short growing season slows ecosystem recovery after disturbance in 

these systems, and early seral stages can persist on the landscape for 50 years or more 

(Stahelin 1943; Habeck and Mutch 1973). 

The soil microbial community within spruce-fir forests has not been described. Both 

spruce and fir are dependent upon ectomycorrhizal fungal partnerships. Kernaghan et 

al. (1997) identified the major ectomycorrhizal fungi associated with spruce and fir to 

be species of Russula and Lactarius (Russulaceae ). 
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The spruce-fir forests of northwestern Wyoming are characterized by a fire-free 

interval of 100-300 years (Heinselman 1981), with some moist or protected sites going 

over 500 years without a fire (Loope and Gruell 1973). The interval at which these 

forests bum is primarily determined by weather conditions and secondarily by fuel 

loading (Turner et al. 1994, 2003b; Bessie and Johnson 1995). Under conditions of 

extreme fire behavior such as drought and high winds, spruce-fir forests can bum with 

high intensities. During normal years, fires in these forests remain small, patchy, and 

of low intensity due to moist conditions (Gruell 1980b; Romme 1982; Bradley et al. 

1992). Engelmann spruce and subalpine fir are thin-barked and sensitive to fire, and 

are usually killed by most fire intensities (Crane 1982). They have shallow roots, a 

dense growth habit, and branches that grow to the forest floor and can be heavily 

colonized by lichens. Spruce and fir foliage is relatively inflammable, but can bum 

intensely during periods of drought (Kilgore 1981 ). 

1. 4.2 Physical Environment 

The study area encompasses parts of Grand Teton National Park and the Teton 

Wilderness of the Bridger-Teton National Forest in northwestern Wyoming (Figure 

1.1). The Teton Range frames the western part of the study area, with the 

Yellowstone Plateau to the north, the Absaroka Range to the northeast, the Wind River 

Range to the east, the Gros Ventre Range to the southeast, and the Snake River Range 

to the southwest. The major drainage in this area is the Snake River, which 

contributes to the Columbia River watershed. The granitic Teton Range stretches 40 

miles in the north-south direction and has been heavily shaped by glaciation. Its 

eastern slope tumbles sharply toward Jackson Lake, a natural feature that has been 

dammed for irrigation purposes (Young 1982). The Teton Wilderness is situated east 

of Grand Teton National Park and south of Yellowstone National Park. The portion of 

the Teton Wilderness encompassed by this study is underlain by sedimentary rocks 

that have been thrust into anticlines and synclines by folding and faulting (Antweiler 



et al. 1990). Most areas of the Teton Wilderness have experienced glaciation at least 

once, which has contributed various amounts of drift and erosion. 

The climate of the area is characterized by long, cold winters (mean January 

temperature is -10°C) and short, warm summers (mean July temperature is 15°C). 

Snow is possible at any time of the year. Mean annual precipitation is 59 cm; most of 

this falling from November-May in the form of snow. Summer thunderstorms are 

common, and can locally deliver several centimeters of rain (Martner 1986). The 

climate is continental and dry, with relative humidities averaging 55 percent (Young 

1982). 

1.4.3 Study Sites 

The three study sites (Figure 1.1) in this research project are located within wilderness 

areas owned by the National Park Service and the US Forest Service. There has been 

no road building, logging, or mineral extraction in these areas. Wildland fire 

management plans for these areas allow and provide for naturally ignited ( e.g., 

lightning) "wildland fire use" fires to bum within specified perimeters accounting for 

the protection of human life and property. These ecosystems have not been 

significantly altered by fire suppression policies (Habeck and Mutch 1973; Romme 

1982). This allows a unique opportunity to observe and study ecosystem recovery 

resulting from natural disturbance processes. 

In August of 2000, three large lightning-ignited wildfires occurred in spruce-fir forests 

within Grand Teton National Park and the Teton Wilderness of the Bridger-Teton 

National Forest. The Enos fire (2673 ha) started on August 9, 2000 within the Enos 

Lake area of the Teton Wilderness. The Moran (1207 ha) and Wilcox (984 ha) fires 

ignited on August 15, 2000 upon the western shore of Jackson Lake within Grand 
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Teton National Park. All three fires were allowed to burn with minimal containment 

and were extinguished by weather in the fall of 2000. 

0 20 40 60 80 KIiometers N 

A 
Figure 1.1. Locations of the Wilcox, Moran, and Enos fires. 

The Enos study site is located upon sedimentary parent materials of the Madison 

Limestone formation that was deposited in the Upper and Lower Mississippian periods 

of the Paleozoic era (approx. 345 million years BP) (Antweiler et al. 1990). The area 

has been subjected to five glaciation events, which have scoured and transformed the 

landscape. Soil types reflect the complex history of the area, with coarse- and fine

textured soils juxtaposed at small spatial scales (Gruell 1980a). Currently, no soil 

survey data exist for this area. The Enos area experienced a tornado-like wind event 



in 1987 that left a horizontal swath of forest in its wake. Approximately half of the 

area that burned in 2000 occurred in the blowdown. Research plots were excluded 

from the blowdown area to eliminate any confounding effects of multiple recent 

disturbance events. Research plots in the Enos fire span an elevational range of 

2381-2636 m and slopes range from 4-32% across all aspects. 
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Figure 1.2. The 2000 Enos Fire perimeter within the Teton Wilderness of the Bridger
Teton National Forest. 

The Moran study site is located at the northeastern base of Mt. Moran. It is underlain 

by parent material of granite-, schist-, and gneiss-derived glacial till and colluvium. 

The soil types within the study area are classified into the Taglake-Sebud association, 

which are described as loamy-skeletal, mixed typic Cryocrepts. These soils are very 

deep, well drained, and of a sandy loam texture with low available water capacity and 
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moderate permeability (Young 1982). The northern part of the Moran site burned in 

the 197 4 Waterfalls Canyon fire; therefore, no research plots were established in this 

area of multiple recent fires. The elevational range of plots within the Moran fire is 

2074-2128 m, with slopes between 0-19%, mostly with a north-northeast aspect. 

O 6 12 KIiometers 
~~~~~iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii~-

D 1974 WC Fire A 
CJ Wilcox 
CJ Moran 

Figure 1.3. The Wilcox and Moran fires within Grand Teton National Park. Note the 
1974 Waterfalls Canyon fire scar that overlaps both study sites. 

The Wilcox study site is also situated along the western shore of Jackson Lake south 

of Webb Canyon. It is located approximately 5 km north of the Moran fire and shares 

similar parent material of glacial till and colluvium. The soils of the Wilcox area are 

classified into the Leighcan-Moran-Walcott and Leighcan-Rock outcrop-Walcott 

associations. Additionally some soils are classified into the Taglake-Sebud 
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association. All three associations share similar soil properties, and are all 

Cryumbrepts or Cryocrepts (Young 1982). The 1974 Waterfalls Canyon fire affected 

the southern part of the Wilcox fire, consequently, research plots were excluded from 

this area. Plots range in elevation from 2094-2321 m, with slopes of 1-54% including 

all aspects. 

1.5 Methodology 

Fieldwork was conducted during June-September of 2003. Five research plots were 

randomly established in each of four bum severity classes (unburned, low, moderate, 

and high) within each study site, yielding a total of 60 plots. Basic environmental data 

were collected at each research plot: Universal Transverse Mercator coordinates, 

slope, aspect, and elevation. Digital photographs were taken at each plot as a visual 

record of bum severity. Fieldwork was conducted in three phases: (1) establish 

research plot and classify bum severity; (2) collect soil samples and soils data; 

(3) collect vegetation data. Detailed explanation of the bum severity methodology 

used in this study follows; specific methods for the vegetation and soil microbial 

communities are included in Chapter 1. 

1. 5.1 Burn Severity 

Recent advances in remote sensing have enabled accurate mapping of bum severity. 

One approach is the Normalized Bum Ratio (NBR) (Key and Benson 1999a) coupled 

with its field-based component, the Composite Bum Index (CBI) (Key and Benson 

1999b). This approach is based on pre- and post-bum image analysis using Landsat 

Thematic Mapper (TM) and verification with field plots, resulting in the delineation of 

different levels of bum severity within a recently burned area. In the last few years, 



federal agencies have acquired NBR and CBI data for many large fires through the 

USGS-NPS Bum Severity Mapping Project 
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(htt12://edc2.usgs.gov/fsp/severity/fire main.asp). While there are many approaches to 

mapping bum severity, the NBR/CBI methodology was selected for this research 

project due to its precision (Miller and Y ool 2002) and wide availability and use. 

Methodology for processing imagery and determining the NBR is outlined in Key and 

Benson (2003 ). 

The NBR uses pre- and post-fire Landsat TM imagery to estimate the ecosystem 

changes that can be attributed to a fire event. Pre- and post-fire scenes are selected 

that correspond phenologically as much as possible to reduce noise associated with 

seasonal changes in vegetation. Immediate post-fire scenes (Initial Assessment) or 

post-fire scenes taken during the next growing season (Extended Assessment) can be 

used to calculate the difference between pre- and post-fire reflectance. Images are 

corrected for atmospheric interference and other anomalies that can alter reflectance 

signatures. 

The NBR utilizes bands 4 and 7, which correspond to the reflective infrared and mid

infrared channels of the electromagnetic spectrum (Jensen 2000) to determine the fire

induced ecosystem change. The NBR is calculated as: 

NBR = (Reflectance Band 4 - Reflectance Band 7) 
(Reflectance Band 4 + Reflectance Band 7) 

The change that results from a fire event is called the differenced NBR ( dNBR) and is 

calculated as: 

dNBR = NBR pre-fire- NBR post-fire 



The resulting dNBR values range between -2 and + 2 and can be assigned to 

categorical bum severity classes, depending on user preference for the number of 

classes needed and between-class thresholds. 
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GIS layers of Extended Assessment dNBR data were obtained for the Enos, Moran, 

and Wilcox fires from the Teton Interagency Fire GIS Specialist in June 2003. Pre

and post-fire Landsat TM scene dates were June 29, 2000 and June 16, 2001, 

respectively. Bum severity was categorized into four classes: unburned, low, 

moderate, and high severity. Since the three study sites are large and remote with 

minimal (if any) trails, research plots were established within 2 km of an access point. 

This decision was based on sampling efficiency, time constraints, and researcher 

safety. Using the dNBR GIS layers as a guide, random points were established in each 

of the four bum severity classes. The following criteria were used to constrain plot 

selection: dominance by spruce-fir overstory, absence of standing or running water or 

other anomalous natural factors (e.g., large rock outcrops), and no previous recent 

disturbance (e.g., the 1992 Enos blowdown or the 1974 Waterfalls Canyon Fire). 

Random points were visited in the order they were generated, and research plots were 

established in areas that met the selection criteria. Upon reaching a random point, a 

random azimuth (0-360°) and random distance (0-10 m) were selected to serve as the 

research plot origin. 

Once a research plot was established, bum severity was scored using the CBI 

methodology of Key and Benson (2003). The CBI is assessed in two nested circular 

sampling plots, with the large plot similar in area to a Landsat TM pixel (30 m 

x 30 m). Ground surface conditions and vegetation were stratified as follows: 

1. Substrates (soil, litter and duff, woody fuels) 

2. Herbs and low shrubs (herbaceous and woody vegetation less than 1 m tall) 

3. Tall shrubs and tree saplings (shrubs 1-5 m tall; trees <10 cm diameter at 

breast height [DBH]) 
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4. Intermediate trees (trees between 10-25 cm DBH) 

5. Overstory trees (trees >25 cm DBH) 

Substrates, herbs and low shrubs, and tall shrubs/tree saplings were assessed within a 

circular plot of 10 m radius; intermediate and overstory trees were sampled within a 

plot of 15 m radius. Within each stratum, biotic and abiotic variables were scored on a 

scale from 0.0-3.0, with 0.0 representing unburned conditions and 3.0 indicating the 

highest severity bum. The scores within each stratum were summed and divided by 

the number of measured variables to arrive at an average or "composite" index 

reflecting the degree of bum severity. Once all strata were scored, they were 

combined into "understory" (substrate, herb, and shrub/sapling strata) and "overstory" 

(intermediate and overstory tree strata) categories, and a composite score was 

calculated for each. The resulting "understory" and "overstory" scores were then 

averaged, resulting in a total plot score of bum severity (ranging from 0.0-3.0). The 

total plot score, or CBI, was then assigned to a categorical bum severity class based on 

the following thresholds: 

• 0.00 = Unburned 

• 0.01-1.00 = Low Severity 

• 1.01-2.0 = Moderate Severity 

• 2.01-3.0 = High Severity 

The CBI methodology was used to establish five plots in each of the four bum severity 

classes within each of the three study sites. Plots were rejected if their CBI score 

placed them within a severity class already sampled with five plots. 
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1.6 Format of Thesis 

The following chapter is written in a stand-alone manuscript format. References are 

placed at the end of the chapter, and are also repeated in a comprehensive "Literature 

Cited" section at the end of the thesis. 
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BURN SEVERITY EFFECTS ON VEGETATION AND SOIL 
MICROBIAL COMMUNITIES THREE YEARS AFTER WILDFIRE IN 

SPRUCE-FIR FORESTS OF NORTHWESTERN WYOMING 

2.1 Introduction 

Fire is an important disturbance agent that leaves neither predictable nor consistent 

effects upon the landscape. Effects of wildland fire are heterogeneous at small to large 

spatial scales. The mosaic of compositional, functional, and structural diversity 

resulting from fire is partly due to differences in burn severity. Bum severity can 

affect plant species diversity (Anderson and Romme 1991; Halpern and Spies 1995; 

Turner et al. 1997; Doyle et al. 1998; Elliott et al. 1999; Keeley et al. 2003; Turner et 

al. 2003b), tree regeneration (Thomas and Wein 1984; Anderson and Romme 1991; 

~ay 1993; Chappell and Agee 1996; Romme et al. 1997; Turner et al. 1997; Doyle et 

al. 1998; Turner et al. 2003a, b ), and community composition (Halpern 1988; Rice 

1993; Arevalo et al. 2001 ). Little research has been devoted to the response of the 

post-fire soil microbial community. Identifying the role of bum severity in shaping 

post-fire vegetation and soil dynamics in this system is fundamental to understanding 

ecosystem recovery. 

Spruce-fir forests in northwestern Wyoming are dramatically affected by wildfire on 

the landscape. These forests are dominated by Engelmann spruce (Picea engelmannii) 

and subalpine fir (Abies lasiocarpa) and have a diverse understory layer. Picea 

engelmannii and A. lasiocarpa have thin bark and a shallow root system, and are 

easily killed by low-intensity fire (Loope and Gruell 1973; Bradley et al. 1992). These 

forests are characterized by having fire-free intervals of 100-300 years (Heinselman 

1981 ), with moist or protected sites going over 500 years without fire (Loope and 

Gruell 1973). Fires are usually small and patchy, but can bum intensely over large 

areas when conditions of drought, high winds, and ignition sources align (Loope and 
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Wood 1976; Sellers and Despain 1976; Gruell 1980a; Gruell 1980b; Kilgore 1981; 

Bessie and Johnson 1995). Large fires typically result in stand replacement 

(Heinselman 1981 ). The long intervals between large fires in this ecosystem suggest 

that fire suppression has not influenced these forests (Habeck and Mutch 1973; 

Romme 1982), enabling the study of the interaction of fire with relatively healthy 

systems. Previous studies in northwestern Wyoming have shown that heterogeneity 

resulting from fire is correlated with the rate of daily fire spread: high patch diversity 

occurs when daily fire growth is small (less than 1250 hectares); more homogeneous 

conditions result from days when fires make larger runs (Turner et al. 1994). 

Mapping bum severity across the landscape allows for ecological analysis of fire 

effects at multiple scales. Bum severity can be accurately mapped with satellite 

imagery. One method for mapping bum severity is the Normalized Bum Ratio (NBR) 

coupled with its field component, the Composite Bum Index (CBI) (Key and Benson 

l 999a,b ). This approach is based on pre- and post-bum Landsat Thematic Mapper 

image analysis and field-based verification plots, and can result in the delineation of 

unburned, low, moderate, and high severity patches within a recently burned area. 

Applications of bum severity mapping data include providing baseline information, 

incorporation into digital fire atlases, or directing post-fire restoration efforts. 

Additionally, mapping data can be used to assess the ecological effects of different 

bum severity classes in different ecosystems and post-fire times to aid in the 

understanding of the burn severity mosaic's contribution to post-fire ecosystem 

recovery. This study focuses on the ecological meaning of bum severity classes. 

The goal of this study is to assess the relationships between bum severity and the 

vegetation and soil microbial communities (bacteria, fungi, and protozoa) in spruce-fir 

forests three years after wildfire. I address the following questions: (1) does plant 

community composition vary among bum severity classes, (2) which biotic and 

abiotic variables best explain patterns in the vegetation community, (3) does plant 
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species richness vary among burn severity classes, (4) do seedling tree composition 

and density vary among bum severity classes, (5) does soil microbial community 

composition vary among burn severity classes, (6) which biotic and abiotic variables 

best explain patterns in the soil microbial community, (7) does soil chemistry vary 

among bum severity classes, and (8) do vegetation and soil microbial communities 

show parallel responses to burn severity. 

2.2 Methods 

2. 2.1 Study Area 

The study area includes three sites that were burned by lightning-ignited wildfire in 

August 2000. All are located in wilderness areas governed by federal policies 

allowing lightning-ignited fires to bum as specified in management plans. The Moran 

(1206 ha) and Wilcox (983 ha) fires are located on the western shore of Jackson Lake 

within Grand Teton National Park, and the Enos fire (2671 ha) is within the Teton 

Wilderness of the Bridger-Teton National Forest. Elevation of sample plots range 

from 2070-2640 m. The climate is characterized by long, cold winters (mean January 

temperature is -10°C) and warm, dry summers (mean July temperature is 15°C). The 

annual precipitation is 59 cm, falling mostly as snow from November to May (Martner 

1986). Soils in the area are primarily classified as Cryocrepts, indicating young soils 

with minimal profile development, and are derived from glacial till or sedimentary 

parent materials (Young 1982; Antweiler et al. 1990). 
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Figure 2.1. Location of the Enos, Moran, and Wilcox fires. 

Detailed fire history data do not exist for any of the study sites. All three sites contain 

areas of multiple recent disturbance events. The southern part of the Enos site 

experienced an extensive blowdown event in 1987 that burned in 2000. The southern 

part of the Wilcox site and the northern section of the Moran site were burned by the 

1974 Waterfalls Canyon Fire and reburned in the 2000 fires. Areas within the study 

sites that had experienced multiple recent disturbance events were excluded from this 

study. Sampling was additionally restricted to within 2 km of an access point for 

efficiency, to accommodate the research timeline, and for researcher safety. 
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2.2.2 Burn Severity Classification 

The Normalized Bum Ratio (NBR) and Composite Bum Index (CBI) were used to 

classify bum severity (Key and Benson 2003). The NBR is derived from Landsat 

Thematic Mapper imagery and calculates the change in reflectance of bands 4 and 7 

from pre- to post-bum images. Dates of images are selected to reduce noise associated 

with vegetation phenology. 

NBR = (Reflectance Band 4 - Reflectance Band 7) 
(Reflectance Band 4 + Reflectance Band 7) 

Differenced NBR (dNBR) data are calculated by subtracting the post-fire NBR score 

from the pre-fire NBR score, obtaining the difference in reflectance signatures that can 

be attributable to fire. 

dNBR = NBR pre-fire - NBR post-fire 

DNBR data were used to map areas of unburned, low, moderate, and high severity 

within each study site. DNBR data were obtained from the Teton Interagency Fire 

Geographic Information Systems Specialist in June 2003. DNBR data were processed 

according to standard methodology (Key and Benson 2003). 

Because there is often some error inherent in remotely sensed data, the CBI was used 

as a final measure of burn severity. Bum severity was scored at randomly located 

points within each severity class at each site by utilizing the CBI. The CBI 

synthesizes biotic and abiotic information collected on five strata: substrate, herbs and 

low shrubs (herbaceous and shrubby vegetation <1 m tall), tall shrubs and tree 

saplings (herbaceous and shrubby vegetation 1-5 m tall and tree saplings <2.5 cm 

diameter at breast height [DBH]), intermediate trees (10-25 cm DBH), and overstory 

trees (>25 cm DBH). The CBI plot size is similar in area to a Landsat TM pixel 



(30 x 30 m). The CBI is scored within nested circular plots sharing an origin: an 

"understory" plot with a 10-m radius within which substrate, herbs and low shrubs, 
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and tall shrubs and saplings are measured; and an "overstory" plot with a 15 m-radius 

within which intermediate and overstory trees are sampled. Information within strata 

is averaged, resulting in a total plot score ranging from 0.0 (unburned) to 3.0 (highest 

severity burn) (Key and Benson 2003). The CBI is a continuous variable that can be 

classified based on user preference for a desired number of severity classes and 

between-class thresholds. I defined four bum severity classes based on the following 

scores: 

• Unburned: CBI = 0 

• Low Severity: CBI= 0.01-1.0 

• Moderate Severity: CBI= 1.01-2.0 

• High Severity: CBI= 2.01-3.0 

Using the dNBR data as a guide and the CBI as a final means to determine bum 

severity classification, five plots were randomly established in each of the four bum 

severity classes at all three sites, resulting in a total of 60 plots. If a potential sample 

plot fell within a bum severity class already containing five plots, the plot was rejected 

and a new plot for the desired severity class was randomly selected. Within each burn 

severity class at each fire, random points were generated using a Geographic 

Information System. At each random point, a random azimuth (0-360°) and random 

distance (1-10 m) were selected to serve as the plot origin. Plots were established in 

areas dominated by a spruce-fir overstory, areas free of running or standing water or 

other anomalous natural factors, and areas free of multiple recent (no more than one 

event in the last 30 years) disturbance events. Random points were visited in the order 

they were generated. 
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2. 2.3 Vegetation 

Understory vegetation and tree seedlings ( <2.5 cm DBH) were sampled within a 10 m

radius plot, and intermediate (10-25 cm DBH) and overstory (>25 cm DBH) trees 

within a 15 m-radius plot. Sampling occurred during August and September 2003. 

The vegetation community was defined as all understory plants including tree saplings 

<10 cm DBH. A Braun-Blanquet type releve was used to estimate species abundance. 

Within each 10 m-radius plot, I recorded the presence of all understory plant species. 

For each species, I estimated percent cover (vertical projection). This method was 

selected for its ease and speed of data collection. Plant taxonomy and nomenclature 

follow Dom (2001 ). 

Seedling trees (<2.5 cm DBH) were tallied by species and height class (Fire 

Monitoring Handbook 2003) within the same plots. Height classes were defined as: 

• Class 1: 0-15 cm 

• Class 2: 15-30 cm 

• Class 3: 30-60 cm 

• Class 4: 60-100 cm 

• Class 5: 100-200 cm 

• Class 6: 200-300 cm 

• Class 7: 300-400 cm 

• Class 8: 400-500 cm 

Overstory trees (> 10 cm DBH) were sampled within a 15 m-radius plot. Canopy 

cover was estimated at plot origin using a concave spherical densiometer (Lemon 

1957). For each tree I recorded species, DBH (measured with a Biltmore stick), 

live/dead status, and Crown Position Code (CPC) (Fire Monitoring Handbook 2003). 
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The CPC describes the position of living trees in relation to the stand and the structural 

integrity of dead trees: 

• CPC 1 = Dominant 

• CPC 2 = Co-dominant 

• CPC 3 = Intermediate 

• CPC 4 = Sub-canopy 

• CPC 5 = Isolated/open growth 

• CPC 6 = Recent snag 

• CPC 7 = Loose bark snag 

• CPC 8 = Clean (no bark) snag 

• CPC 9 = Broken above DBH 

• CPC 10 = Broken below DBH 

2.2.4 Soils 

Soils were sampled from the 10 m-radius plot. The top 10 cm of the soil profile was 

collected because this is where forest soil microflora and fauna are most abundant and 

active (Borchers and Perry 1987; Prieto-Fernandez et al. 1998; Fisher and Binkley 

2000). Four random samples were taken per plot, sieved to 2 mm in the field, and 

combined; from each composite sample, one lined sample bag and one soil moisture 

can were filled, labeled, and transported to the Grand Teton National Park Fire 

Management office for processing. Sampling occurred in July 2003. 

Soil samples were processed for determination of soil moisture and segregated for 

microbial, chemical, and texture analyses. 50 g of soil were removed from each lined 

sample bag and immediately frozen for microbial analysis. Soil moisture, expressed 

as percent water per dry weight, was determined by heating in a drying oven at 93° C 

for 24 hours and comparing wet vs. dry sample weight. 24 hours was selected as the 
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drying time based on standard soil moisture methodology used by Grand Teton 

National Park Fire Management. The remainder of the soil in the lined sample bag was 

allowed to air dry and retained for chemical and texture analyses. 

Each composite sample was analyzed for total carbon, nitrogen, sulfur, and pH. Total 

C, N, and S were determined using the dry combustion methodology using LECO 

CNS 2000 instrumentation at the Oregon State University Central Analytical 

Laboratory. A 0.2 g sample of soil was used in the dry combustion analysis. Total C, 

N, and S were calculated as percent dry weight of each sample. Soil pH was 

determined in the laboratory using standard methods for a pH meter with a glass 

electrode in a 2: 1 solution of water: soil (Thomas 1996). Soil texture was determined 

by particle size analysis using the hydrometer method (Gee and Bauder 1996), and the 

percent of sand, silt, and clay for each sample was recorded. Additionally, unburned 

and high severity soils were analyzed for initial extractable net mineral N (NH3 +) and 

available N (NH/) utilizing short-term (7-day) waterlogged incubation methodology 

(Bundy and Meisinger 1994) at the OSU Central Analytical Laboratory. 

Phospholipid Fatty Acid (PLFA) analysis was used to assess the composition of the 

soil microbial community. Many microorganisms that live in the soil cannot be 

cultured in a laboratory setting using standard growth media; some estimates place the 

amount of non-culturable organisms at 99% of the total soil microbial community 

(Wollum 1999). Phospholipids are essential components of living cell walls, and can 

serve as indicators of different organisms present in the soil (Zelles 1999). Frozen soil 

samples were stored at -20°C for 10 months. Soils were allowed to thaw for 20 

minutes prior to analysis. PLFA analysis followed a Bligh and Dyer (1959) technique 

modified by White et al. (1979). A sample of 5 g of soil from each plot was used in 

the analysis. PLF A removes lipids from the soil and then separates out phospholipids 

from the other lipid fractions (Vestal and White 1989). Lipids were extracted from the 

soil in two phases. The initial extraction used a 2: 1 :0.8 solution of methanol, 

chloroform, and a phosphate buffer added to the soil which then sat overnight. Lipids 
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were then separated from the soil into a solution of chloroform and methanol and 

removed from each soil sample. Lipids were fractionated into glycolipids, neutral 

lipids and phospholipids using a solid phase extraction column. Phospholipids were 

methylated into fatty acid methyl esters (F AMEs ). The F AMEs were analyzed by 

capillary gas chromatography using an Agilent 6890 with a flame ionization detector 

and an Ultra-2 column. F AMEs were quantified based on their peak areas and 

retention times and compared to a standard curve with known retention times. 

Fatty acid nomenclature is described by the total number of C atoms, followed by the 

number of double bonds placed after a colon; next is the position of the double bond 

from the end of the molecule ( ro indicates a methyl end); prefixes denote the nature of 

the molecular branching (a-, i-, and cy- represent anteiso, iso, and cyclopropyl fatty 

acids, respectively). 'Me' placed after a number designates methyl group position 

(Zelles 1999). 

"Signature" phospholipids can be associated with broadly defined groups of organisms 

(Hill et al. 2000). By associating PLF As with organism groups, a general 

"fingerprint" of the soil microbial community can be obtained and relative abundances 

of each group determined (Steenwerth et al. 2002; Fierer et al. 2003). Gram-positive 

bacteria were associated with i14:0, a15:0, i15:0, i16:0, al 7:0, and il 7:0 (Fierer et al. 

2003) and gram-negative bacteria with 16:lro9, cyl 7:0, 17:lro9c, 18:lro7, cy19:0 

(Fierer et al. 2003); fungi were associated with 18:lro9, 18:2ro6, and 18:3ro6c (Hill et 

al. 2000; Baa.th 2003); actinomycetes with 10Me16:0, lOMel 7:0, and 10Me18:0 

(Fierer et al. 2003); and protozoa with 20:2ro6 and 20:4ro6 (Fierer et al. 2003). 

Fungal to bacterial ratios were derived from the sum of total fungal biomarkers and 

divided by the total sum of bacterial and fungal biomarkers (Bardgett and McAlister 

1999; Pennanen et al. 1999). Total PLF As were used as a proxy for living microbial 

biomass (Vestal and White 1989; Zelles 1999; Hill et al. 2000; Myers et al. 2001; 

Merila et al. 2002; Steenwerth et al. 2002; Fierer et al. 2003). 



Table 2.1.Indicator PLF As for different organism groups. 

Indicator PLF As 

i14:0, a15:0, i15:0, i16:0, al 7:0, il 7:0 

16:lro9, cy17:0, 17:lro9c, 18:lro7, cy19:0 

18:lro9, 18:2ro6, 18:3ro6c 

10Me16:0, lOMel 7:0, 10Me18:0 

20:2ro6, 20:4ro6 

2. 2. 5 Data Compilation 

Organism Group 

Gram Positive Bacteria 

Gram Negative Bacteria 

Fungi 

Actinomycetes 

Protozoa 
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The vegetation community data were compiled into a matrix of 60 sample units (rows) 

and percent cover values for 164 species (columns). An environmental matrix was 

constructed of 60 sample units and 23 columns of variables: study site, categorical 

burn severity classification, ordinal CBI score, elevation, soil moisture, canopy cover, 

slope, heat load [calculated using the methodology of McCune and Keon (2002)], total 

soil C, total soil N, total soil S, C:N ratio, soil pH, species richness (total number of 

species per plot), percent sand (soil texture), percent silt (soil texture), percent clay 

(soil texture), total fungal biomarkers (mol percent), total gram positive bacterial 

biomarkers (mol percent), total gram negative bacterial biomarkers (mol percent), total 

actinomycetes biomarkers (mol percent), fungal to bacterial ratio (sum of fungal 

biomarkers/total sum of bacterial and fungal biomarkers), and total PLFA (sum of all 

PLF A values in mol percent). Diversity information for the vegetation community 

was expressed as species richness and summarized for each plot. Seedling tree data 

were compiled for each plot to obtain a density value per species. The seedling trees 

of interest for analysis purposes were Abies lasiocarpa, Picea engelmannii, and aspen 

(Populus tremuloides). 
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The soil microbial community data were compiled into a matrix of 59 sample units 

(rows) and mol percent values for 40 PLFAs (columns). Data from one plot (MH03) 

was lost during the PLF A analysis procedure. The same environmental matrix was 

used for the vegetation and soil microbial community analyses. Total C, N, S, C:N 

ratio, NH4 +, NH3 +, and pH data were compiled into a spreadsheet. 

2. 2. 6 Data Adjustments-Vegetation 

Raw data were evaluated for outliers and the need for transformation. Data 

transformations can often improve the performance of distance measures and direct 

the focus of the analysis on desired attributes, such as community-wide patterns 

(McCune and Grace 2002). Alpha, beta, and gamma diversity were summarized for 

the vegetation community data, each of which explains diversity across different 

spatial scales. Alpha diversity (a) is the average species richness per plot, gamma 

diversity (y) is the estimated landscape-level species richness (full tally by study site), 

and beta diversity(~) is a measure of the within-site heterogeneity among sample 

units, obtained by dividing gamma by alpha. Whittaker's (1972) beta diversity (~w; 

y/a) was calculated for the community based on species richness. Since the beta 

diversity for the community is rather high ( 4.8), the decision was made to delete 

species that occurred in less than 5% of the sample units. This was an attempt to filter 

out noise within the community data set and facilitate the emergence of community

wide patterns (McCune and Grace 2002). This resulted in the deletion of 53 species, 

but reduced community-wide beta diversity to 3.4. 
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Table 2.2. Average alpha (a), beta(~), and gamma (y) diversity for this study, based 
on species richness (total number of species). 

Site n a ~ y 

Enos 20 35.8 3.65 122 

Moran 20 30.5 3.84 101 

Wilcox 20 37.1 3.17 114 

Total 60 34.5 4.8 164 

The resulting data matrix consisted of 60 plots (rows) by 112 species (columns). 

Cover data were transformed using a square root transformation. Summary statistics 

were obtained for the rows (plots) and columns (species) of the community matrix. 

The average skewness of species data was substantially reduced by this monotonic 

transformation ( average skewness of species data before and after transformation was 

5.1 and 2.7, respectively). The transformed community matrix was then relativized by 

species maxima (the highest value of each species). This relativization allows all 

species to influence the data analysis by putting all species on the same footing 

(McCune and Grace 2002). Since rare species were already deleted from the 

community matrix, this relativization provides less abundant but still fairly common 

species an opportunity to affect the community analysis. 

The S0renson distance measure was utilized to perform an outlier analysis on this 

community matrix using the "Summary" function in PC-ORD. One sample unit (plot 

EH04) was detected as being a weak outlier (McCune and Grace 2002) with a 

standard deviation of 2.28 from the average distance among sample units. This plot 

had unusually high cover (65%) of Iliamna rivularis. Data analysis was performed 

with and without this outlier. It did not significantly influence the structure of the 

ordinations, and it was located reasonably close to other sample units. Thus, the 

decision was made to retain the outlier. 
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Since the burn severity classes were subsampled in the study sites (5 plots established 

in each severity class per site), species richness and seedling tree density data were 

averaged for each bum severity class by study site. The species richness data set was 

normally distributed, therefore no transformations were performed. Four data sets 

were compiled from the seedling tree density data and segregated by species based on 

burn severity classification: density per plot (trees/314 m2) of subalpine fir, 

Engelmann spruce, aspen, and total seedling tree density. The residual error mean 

squares of all four data sets were not normally distributed with constant variance. A 

logarithmic transformation was performed upon the total seedling density data set. 

This transformation resulted in its residuals being normally distributed with constant 

variance. No monotonic transformations allowed the subalpine fir, Engelmann spruce, 

and aspen seedling density data to meet assumptions required for parametric statistical 

methods; therefore a Kruskal-Wallis nonparametric ANOVA was employed for data 

analysis. 

2.2. 7 Data Adjustments-Soils 

The soil microbial community matrix was composed of 60 plots and 40 PLF A values 

expressed in mol percent, which reflects the relative abundance of PLF As rather than 

their total abundance. The data were not highly skewed, as average skewness for row 

and column totals were 2.05 and 0.57, respectively. Therefore, no transformations 

were performed upon the microbial data. The S0renson distance measure was utilized 

to perform an outlier analysis on the soil microbial community matrix using the 

"Summary" function in PC-ORD. Three sample units were identified as weak outliers 

(McCune and Grace 2002): plots EU03, EL03, and MM05. Their standard deviations 

were 2.04, 2.21, and 2.24, respectively, and they did not significantly affect the 

ordination structure. Therefore, they were retained within the community matrix. 
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Since the bum severity classes were subsampled in the study sites (5 plots established 

in each severity class per site), total C, N, S, C:N ratio, and pH data were averaged for 

each bum severity classes at each study site. Data were explored to see whether they 

met distributional assumptions inherent in ANOVA. Total C and S data were log 

transformed to obtain residuals displaying constant variance. Total soil N, pH and 

C:N data met distributional assumptions and analysis proceeded on the untransformed 

data. NH4 + and NH3 + data were averaged for each study site to avoid 

pseudoreplication. 

2.2.8 Data Analysis 

Blocked Multi-Response Permutation Procedures (MRBP) and Non-Metric 

Multidimensional Scaling (NMS) were used for vegetation and soil microbial 

community analysis. Indicator Species Analysis (ISA) was used to test whether 

particular vegetation species were associated with bum severity classes. A one-way 

Analysis of Variance (ANOV A) for randomized block designs was used for species 

richness, total seedling density, and soil chemistry analyses. A Kruskal-Wallis 

nonparametric ANOVA was used to analyze the Engelmann spruce, subalpine fir, and 

aspen seedling density data. Since community data do not meet many of the 

assumptions of traditional statistics (McCune and Grace 2002), nonparametric 

multivariate methods were used for all community data analyses. The S0renson 

proportion coefficient was selected as the distance measure ( except for MRBP 

analyses; see below). The S0renson distance is based on city-block rather than 

Euclidean distances, and is appropriate for and performs well with ecological 

community data (McCune and Grace 2002). City-block distance measures follow one 

dimension of species space at a time to arrive at the distance between two species, 

while Euclidean distance measures cut across multiple dimensions to arrive at the 

shortest distance in space between two species (McCune and Grace 2002). The 

S0renson distance measure is based on the amount of shared area between two 



species, and is calculated by dividing the shared abundance of two species by their 

total abundance and is summed across all species (McCune and Grace 2002): 

S0renson distance = L 2w 
(A+B) 

Where: w = the shared abundance of species A & B 

A = abundance of species A 

B = abundance of species B 
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MRBP in PC-ORD version 4.25 (McCune and Mefford 1999) was used to assess 

whether community composition differed among bum severity classes. MRBP is a 

version of Multi-Response Permutation Procedures (MRPP) specifically designed for 

use with randomized block designs. MRBP assesses whether differences exist among 

a priori groups within individual blocks or in this case sites, focusing the analysis on 

the treatment effects instead of variation among study sites (Mielke 1984). It yields a 

test statistic, a p-value, and an effect size (A-value) that evaluates the heterogeneity 

within the groups and therefore, the ecological significance of the grouping. When A 

= 1, all items within groups are identical; when A = 0, within-group homogeneity is 

the same as that expected by chance alone; and when A < 0, the homogeneity within 

groups is less than that expected from a randomly permuted data set (Mielke 1984). 

MRBP assumes that sample units are independent. Since each of my study sites was 

subsampled (five plots in each bum severity classification per study site), the 

subsamples were averaged prior to MRBP analysis. This averaging of the subsamples 

reduced the number of sample units in the vegetation matrix from 60 to 12 for this 

analysis. Euclidean distance was used as the distance measure in MRBP. The 

medians were aligned to zero within each block, directing the focus of the analysis on 

differences among bum severity classes within sites (McCune and Grace 2002). 
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Indicator Species Analysis (Dufrene and Legendre 1997) in PC-ORD version 4.25 

(McCune and Mefford 1999) was performed to identify plant species that showed an 

affinity for particular burn severity classes. This method uses relative abundance 

( cover) and relative frequency of each species to represent the association of a species 

with a particular group. Perfect indicator species have values of 100% ( exclusive 

presence in one group). Randomization tests were performed to detect which indicator 

values were statistically significant (McCune and Grace 2002). 

Nonmetric Multidimensional Scaling (NMS) ordination in PC-ORD version 4.25 

(McCune and Mefford 1999) was used to reveal compositional patterns in the 

vegetation and soil microbial communities (Kruskal 1964; Mather 1976). The goal of 

NMS is to iteratively search for the best configuration of sample units in a reduced 

ordination space that minimizes the "stress" or difference with their positions in the 

original species space. The best solution is achieved by minimizing the amount of 

stress or lack of fit in the final solution (McCune and Grace 2002). Stress values 

under 10 produce strong ordinations with reliable results, although this is not typically 

achieved with community data. A final stress value under 20 produces an informative 

ordination, and the strength of the ordination increases as stress decreases (McCune 

and Grace 2002). The S0renson distance measure was utilized to perform this analysis 

using a random starting configuration. The "slow and thorough" NMS Autopilot 

option was selected in PC-ORD, which resulted in 40 real and 50 randomized runs on 

the data. Three dimensions were chosen to best explain the variability in both sets of 

data. This decision was reached by considering the suggested number of dimensions 

from the Autopilot output compared with the amount of stress reduced by the addition 

of each axis. In both data sets, adding more than three dimensions did not reduce 

stress in a significant manner. Correlation between community distribution and 

measured environmental variables was assessed. The relationship of these variables to 

the community data is expressed by a joint plot of vectors overlain on the ordinations. 

The length of the vector represents the strength of the variable's correlation with the 
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ordination scores. The relationship of the vector to each ordination axis is expressed 

by Pearson's correlation coefficient (r). 

A mixed-model Analysis of Variance (ANOVA) was used to test for differences in 

species richness, total seedling density, and soil chemistry among bum severity classes 

using SAS version 8.01 (SAS Institute 1999). ANOVA tests were performed on seven 

response variables: species richness, total seedling density, total soil C, total soil N, 

total soil S, C:N ratio, and soil pH. Since ANOV A assumes independence of data, all 

subsamples were averaged prior to analysis, yielding a sample size of 12. The mixed

model allows the blocking of the data by study site, reducing the amount of variability 

within the data (Zar 1999). Study site served as a random effect, and bum severity 

classification was a fixed effect. F statistics were calculated with 3, 6 degrees of 

freedom to test for differences among bum severity classes. P-values were considered 

significant at the a= 0.05 level. When statistically significant (p < 0.05) group 

differences were found, multiple comparisons using a Tukey-Kramer adjustment were 

employed to further distinguish the groups. A Kruskal-Wallis nonparametric ANOV A 

in SAS (version 8.01) was used to test for differences in Engelmann spruce, subalpine 

fir, and aspen seedling density since distributional assumptions were not met for 

parametric analysis. A two-sample t-test in SAS (version 8.01) was used to test for 

differences between unburned and high bum severity classes with respect to NH4 + and 

NH/. 

The Mantel Test in PC-ORD was used to assess the degree to which the vegetation 

and soil microbial community matrices showed similar patterns of compositional 

variation. The Mantel Test can be used to test for differences between two 

symmetrical matrices by comparing two distance matrices and determining whether 

correlation is present (McCune and Grace 2002). The distances among sample units 

in the vegetation and soil microbial matrices were analyzed and their correlation was 

compared to the results of a Monte Carlo test performed on randomly permuted data. 
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The Mantel Test delivers a standardized Mantel statistic (r) ranging from -1 to 1 with 

values greater than 0 identifying positive correlation and values less than 0 indicating 

negative correlation between the two matrices (McCune and Grace 2002). A p-value 

is also derived from the randomization test and indicates how likely the correlation 

between the two matrices is due to chance. 

2.3 Results 

2.3.1 Data Summaries 

Attributes related to the vegetation and soil microbial communities were summarized 

by fire (no plot-to-plot variation exists in these summaries) to describe the differences 

existing among the burn severity classes and study sites. Total plant cover was higher 

in the unburned and low bum severity classes than in the moderate and high severity 

classes (Table 2.3). The unburned and low severity classes contained higher cover and 

cover of trees and shrubs than the more severely burned classes. The moderate and 

high severity classes contained a higher percentage of forbs, grasses, and sedges than 

the low severity or unburned classes. The Enos site had a high cover of forbs, while 

the Moran and Wilcox sites experienced more shrub dominance. 
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Table 2.3. Average cover(%) and standard errors (in parentheses) of major growth 
forms in the vegetation community for bum severity classes and study sites. 

Tree Shrub Forb Grass Sedge Total 
Cover Cover Cover Cover Cover Cover 

Burn Severity 
unburned 16.91 56.40 27.45 4.35 25.53 130.66 

(11.45) (23.62) (33.25) (4.91) (14.02) (8.69) 
low 10.44 37.30 43.61 18.06 13.98 128.99 

(1.43) (22.66) (37.81) (6.37) (6.00) (16.82) 
moderate 1.93 12.70 52.71 21.15 14.33 103.77 

(l.72) (3.93) (29.51) (13.09) (7.62) (8.26) 
high 0.60 13.05 37.85 10.35 7.78 69.65 

(0.17) (8.99) (26.15) (7.37) (3.74) (11.95) 
Site 
Enos 5.31 14.33 69.24 11.31 16.75 117.01 

(5.02) (13.15) (11.66) (7.27) (5.19) (31.91) 
Moran 11.18 43.46 12.17 16.13 14.58 102.32 

(13.29) (30.66) (5.76) (14.95) (3.88) (35.58) 
Wilcox 5.91 31.80 39.80 13.00 14.88 105.47 

(6.10) (20.71) (26.85) (8.61) (17.92) (19.46) 

The percent cover of native and exotic plants was summarized for the vegetation 

community. The highest percent cover of exotic species was found within the high 

burn severity class (Table 2.4). This is consistent with previous research that found 

the highest number of exotic species in the most severely burned areas (Haskins and 

Gehring 2004). However, total exotic plant cover was generally low, since all three 

sites are in designated wilderness areas that have not been heavily impacted by human 

activities. 



Table 2.4. Average cover(%) of native and exotic species in the vegetation 
community for bum severity classes and study sites (SE in parentheses). 

Native Exotic 
Cover(%) Cover(%) 

Burn Severity 
unburned 130.66 0.00 

(8.69) (0) 
low 126.35 2.64 

(14.03) (3.00) 
moderate 102.22 1.54 

(8.04) (0.91) 
high 66.08 3.57 

(14.44) (2.53) 
Site 
Enos 114.56 2.45 

(31.33) (2.68) 
Moran 100.33 1.99 

(38.37) (2.97) 
Wilcox 104.10 1.37 

(19.87) (1.06) 
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Unburned and low severity classes had more overstory canopy cover and understory 

cover than moderate and/or high severity classes (Table 2.5). Moderate and high 

severity classes had lower soil moisture. The high bum severity class had the highest 

cover of substrate (litter, duff, and woody debris) and bare ground (exposed mineral 

soil), while the unburned class had the lowest cover of these variables. 
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Table 2.5. Average cover(%) of selected environmental conditions and average soil 
moisture(%) for each bum severity class and study site (SE in parentheses). 

Overstory Understory Substrate Bare Soil 
Cover Cover Cover Ground Moisture 

Cover !%} 
Burn 

Severity 
unburned 88.24 91.47 8.53 0.29 10.84 

(3.44) (1.97) (1.97) (0.08) (4.25) 
low 60.86 90.40 9.60 2.09 10.95 

(24.22) (1.56) (1.56) (2.36) (3.36) 
moderate 46.49 86.53 13.47 1.80 8.37 

(8.39) (1.33) (1.33) (1.07) (3.88) 
high 36.47 61.93 38.07 20.90 6.04 

(11.65) (11.70) (11.7) (9.47) (3.36) 
Site 
Enos 47.02 82.45 17.55 6.57 13.11 

(27.26) (13.97) (13.97) (8.03) (2.18) 
Moran 60.65 79.45 20.55 8.20 7.80 

(26.12) (19.65) (19.65) (15.47) (3.77) 
Wilcox 66.39 85.85 14.15 4.03 6.24 

(19.13) (8.37) (8.37) (6.01) (1.16) 

Total soil C was highest in unburned plots and decreased with increasing bum severity 

(Table 2.6). Total soil N and S were highest in low bum severity plots and lowest in 

high bum severity plots. The average C:N ratio decreased from unburned plots to the 

moderate bum severity plots, but increased slightly in the high severity plots. Soil pH 

increased with increasing bum severity, but the high bum severity class had an 

average pH value lower than that of the average moderate severity plots. The Enos 

and Wilcox sites shared the most similarity with respect to average total soil C, N, S, 

and the C:N ratio. The Moran site had considerably higher values for all of these 

variables. The Moran site had the lowest average soil pH values, while the Wilcox 

site had the highest average pH values. 
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Table 2.6. Average total soil C, N, S (% dry weight of sample), C:N ratio, and soil pH 
by bum severity class and study site (SE in parentheses). 

Total C Total N Total S C:N pH 
{%} {%} {%} 

Burn Severity 
unburned 6.17 0.240 0.019 26.21 4.46 

(1.40) (0.076) (0.007) (3.05) (0.53) 
low 5.93 0.270 0.022 21.39 4.87 

(2.87) (0.106) (0.010) (2.38) (0.20) 
moderate 4.64 0.244 0.012 19.08 5.69 

(1.43) (0.073) (0.005) (1.92) (0.65) 
high 3.93 0.193 0.011 20.27 5.41 

(1.14) (0.048) (0.001) (2.21) (0.43) 
Site 
Enos 4.16 0.200 0.015 20.29 5.05 

(2.20) (0.084 (0.008) (1.87) (0.40) 
Moran 6.60 0.279 0.021 23.95 4.72 

(1.70) (0.078) (0.009) (3.58) (0.59) 
Wilcox 4.74 0.232 0.012 20.98 5.56 

(0.58) (0.045) (0.003) (4.32) (0.72) 

2.3.2 Does vegetation composition vary among burn severity classes? 

Vegetation communities differed among bum severity classes (MRBP; A= 0.1013; 

p = 0.0073). This effect size (A> 0) indicates greater homogeneity of composition 

within classes than expected by chance. 

Indicator Species Analysis identified several plant species closely associated with 

particular bum severity classes, although none showed exclusive association with a 

class (Table 2. 7). Most "indicators" were associated with unburned sites, including all 

of the coniferous tree species. Abies lasiocarpa and Picea engelmannii are very 

sensitive to fire and recolonize burned areas by offsite seed sources (Stickney and 

Campbell 2000). Whitebark pine (Pinus albicaulis) and interior Douglas-fir 

(Pseudotsuga menziesii var. glauca) can survive fires of lower-intensities and are 
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considered to be seral species in spruce-fir forests, as they are moderately shade

tolerant. They can colonize burned areas from on-site or off-site seed sources. Both 

can store seeds in the soil, although the P. menziesii var. glauca seeds have a much 

shorter window of viability than do whitebark pine seeds (Howard 2002; Steinberg 

2002). Indicators of the low bum severity included Calamagrostis montanensis and 

Phleumpratense (an exotic grass). These grasses are fire-adapted, sprout from 

rhizomes, and increase their cover post-fire (Tesky 1992; Esser 1993). The moderate 

bum severity group contained several indicator species characterized by light, wind

dispersed seeds such as Epilobium brachycarpum, Chamerion angustifolium, Agoseris 

aurantiaca, Anaphalis margaritacea, and Hieracium albiflorum. Populus 

tremuloides emerged as an indicator of moderate bum severities, and was found in 

seedling form in all plots. Indicators of the high severity class included the exotics 

Lactuca serriola and Tragopogon dubius, and the soil seedbank species Ceanothus 

velutinus and Iliamna rivularis. Both C. velutinus and l rivularis have been termed 

"fire-followers" since they possess hard-coated, heat-germinated seeds that can be 

stored for long periods in the soil (Matthews 1993b; Anderson 2001). Additionally, 

C. velutinus is an N-fixing species (Paschke 1997). 
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Table 2.7. Indicator species with significant p-values (p < 0.05) for each burn severity 
class. t = Non-native species; t = Nitrogen-fixing species; ** = Seedbank species. 

Indicator S~ecies Severity Ti~e Indicator Value p-value 
Vaccinium scoparium unburned 54.5 0.001 
Pedicularis racemosa unburned 53.9 0.001 
Shepherdia canadensil unburned 50.8 0.001 
Lonicera involucrata unburned 49.2 0.001 
Abies lasiocarpa unburned 48.2 0.001 
Picea engelmannii unburned 47.7 0.001 
Thalictrum occidentale unburned 40.8 0.007 
Pi nus albicaulis * * unburned 33.5 0.004 
Carex geyeri unburned 33.4 0.021 
Pyrola chlorantha unburned 29.3 0.022 
Frasera speciosa unburned 28.4 0.007 
Chimaphila umbellata unburned 27.6 0.027 
Listera caurina unburned 26.7 0.008 
Pseudotsuga menziesii unburned 26.7 0.008 
Antennaria racemosa unburned 22.8 0.030 
Phleum pratense 1 low 27.4 0.024 
Senecio crassulus low 23.8 0.033 
Calamagrostis montanensis low 22.5 0.033 
Potentilla arguta low 22.0 0.036 
Epilobium brachycarpum moderate 46.8 0.001 
Chamerion angustifolium moderate 45.0 0.006 
Hieracium albiflorum moderate 43.0 0.001 
Elymus glaucus moderate 39.7 0.005 
Populus tremuloides moderate 38.1 0.002 
Agoseris aurantiaca moderate 33.6 0.030 
Anaphalis margaritacea moderate 27.2 0.039 
Poa interior moderate 25.1 0.050 
Ceanothus velutinus**1 high 63.2 0.001 
Iliamna rivularis** high 48.2 0.003 
Lactuca serriola 1 high 37.0 0.005 
Tragopogon dubiu/ high 35.6 0.011 



2.3. 3 What biotic and abiotic variables best explain patterns in the 

vegetation community? 
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NMS was used to explore the relationships between vegetation composition and 

various measures of physical environment and soil properties. A three-dimensional 

solution best represented the data in the reduced ordination space. The probability that 

the final configuration of the plots was due to chance was low (p = 0.0196). The 

solution had a final minimum stress of 13.2, which was lower than that reached by the 

Monte Carlo test (24.2). Eighty-five iterations were used to assess the stability of the 

final configuration, which was deemed stable (final instability= 0.00001). The 

correlation between composition in the reduced and original space was high 

(r2 = 0.837). The relationship between plots in ordination space and their 

corresponding environmental variables was assessed by overlaying the latter on the 

ordination as a joint plot. Additionally, plant species were overlain upon the 

ordination to assist in the interpretation of the ordination axes. The ordination was 

visually rotated to correspond to the two longest vectors of the joint plot; this entailed 

aligning axis one with 'CBI score', and aligning axis two with 'elevation'. This 

rotation assisted with the interpretation of plot distribution in ordination space. 

Axis 1 showed a strong, positive correlation with bum severity indicated by CBI score 

(r = 0.938) and soil pH (r = 0.521), and a negative correlation with overstory canopy 

cover (r = -0.661). Plots clearly arranged along axis 1 according to their bum severity 

classification (Figure 2.2). Species associated with unburned plots such as Abies 

lasiocarpa (r = -0.743), Pedicularis racemosa (r = -0.738), Vaccinium scoparium 

(r = -0.667), Picea engelmannii (r = -0.562), Pinus albicaulis (r = -0.517), and 

Thalictrum occidentale (r = 0.515) were negatively correlated with axis 1. All of these 

species were indicators of unburned plots in Indicator Species Analysis. Species that 

showed positive correlations with axis 1 included Tragopogon dubius (r = 0.683), 



45 

Lactuca serriola (r = 0.648), Populus tremuloides (r = 0.615), Ceanothus velutinus 

(r = 0.525), and Cirsium arvense (r = 0.515). All of these species, excepting aspen, 

were identified as indicators of the high burn severity class using Indicator Species 

Analysis, although C. arvense had a non-significant p-value (p = 0.1150). Indicator 

Species Analysis associated Populus tremuloides with the moderate bum severity 

class. 

Axis 2 corresponded with a gradient in composition across study sites. The Enos plots 

separated out at the top of the gradient, the Wilcox plots occupied the middle of the 

gradient, and the Moran plots clustered along the bottom of the gradient (Figure 2.2). 

The variable with the strongest correlation to axis 2 was elevation (r = 0.840). This is 

consistent with site differences: Enos (2381-2636 m), Wilcox (2094-2246 m), Moran 

(2074-2128 m). 

Relative abundance of gram-positive bacteria (r = 0.523) and soil moisture (r = 0.505) 

were also correlated with axis 2. Vegetation species having positive correlations with 

axis 2 included Achillea millefolium (r = 0.805), Agoseris aurantiaca (r = 0.653), 

Lupinus argenteus (r = 0.653), Valeriana occidentalis (r = 0.647), and Senecio serra 

(r = 0.613). When Indicator Species Analysis was performed upon data grouped by 

study site, all of these species emerged as indicators of the Enos site with significant 

( < 0.05) p-values. Species that were negatively correlated with axis 2 included 

Spiraea betulifolia var. lucida (r = -0.588), Vaccinium membranaceum (r = -0.574), 

and Lonicera utahensis (r = -0.525). S. betuloides var. lucida was an indicator of the 

Wilcox site (p = 0.001 ); V. membranaceum (p = 0.001) and L. utahensis (p = 0.105) 

were indicators of the Moran site. 

Axis 3 was correlated with species richness (r = 0.517) and soil pH (0.455). Soil pH 

was also moderately correlated with axis 1 (r = 0.521), as evident in Figure 2.3. Axis 

3 represented a species compositional gradient, but one that was unexplained by the 
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variables measured in this study. Some species were correlated with this axis, such as 

Chamerion angustifolium (r = 0.707), Bromus vulgaris (r = 0.602), Ribes lacustre 

(r = 0.550), and Chenopodium atrovirens (r = 0.517), but the meaning of this 

relationship was not apparent. 

• A Bum Severity 
by Site 

A A Unburned (E) • Elevation A A Low (E) A r= 0.840 A 
A • A Moderate (E) 

~ A .... A High (E) 
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Figure 2.2. Ordination of sample plots along axes 1 and 2. Burn severity classes are 
coded in color and study sites (Enos, Moran, and Wilcox) are indicated by shapes. 
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Figure 2.3. Ordination of sample plots along axes 1 and 3. Burn severity classes are 
coded in color and study sites (Enos, Moran, and Wilcox) are indicated by shapes. 
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Figure 2.4. Ordination of sample plots along axes 2 and 3. Bum severity classes are 
coded in color and study sites (Enos, Moran, and Wilcox) are indicated by shapes. 

2. 3. 4 Does vegetation species richness vary among burn severity 

classes? 

Vegetation species richness (the number of species per 314 m2 plot) was compared 

among bum severity classes. Results from the mixed-model ANOVA indicated 

statistically significant differences in plot-level species richness among bum severity 

classes (F3,6 = 12.98; p = 0.0049). The moderate bum severity class contained the 

highest number of species per plot; the unburned plots contained the lowest species 

richness. 
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Figure 2.5. Average plant species richness (and standard errors) for each bum severity 
class. 

Pairwise comparisons (Table 2.8) of species richness were made between bum 

severity classes. The only statistically significant comparisons exist between high vs. 

moderate, low vs. unburned, and moderate vs. unburned. The largest group difference 

exists between the moderate and unburned classes. 
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Table 2.8. Pairwise differences in species richness between burn severity classes. The 
Tukey-Kramer adjustment was used to correct for multiple comparisons. Bold type 
indicates statistically significant comparisons. 

Adj p- Adj Adj 
Class vs. Estimate SE t6 value LCL UCL 
high low -7.60 2.86 -2.656 0.130 -17.51 2.31 
high moderate -13.07 2.86 -4.566 0.015 -22.97 -3.16 
high unburned 3.00 2.86 1.048 0.730 -6.91 12.91 
low moderate -5.47 2.86 -1.910 0.316 -15.37 4.44 
low unburned 10.60 2.86 3.704 0.038 0.69 20.51 

moderate unburned 16.07 2.86 5.615 0.005 6.16 25.97 

2.3.5 Do seedling tree composition and density vary among burn severity 

classes? 

Since the subalpine fir, Engelmann spruce, and aspen seedling density data did not 

meet ANOV A model assumptions, a Kruskal-Wallis nonparametric ANOV A was 

used to assess differences among bum severity classes. Significant differences were 

found to exist for subalpine fir (KW= 9.387; p = 0.0246), Engelmann spruce 

(KW= 9.392; p = 0.0245), and aspen (KW= 8.260; p = 0.0409) seedling density 

among bum severity classes. 
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Figure 2.6. Average seedling tree density (and standard error) by species for each 
burn severity class. 
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Total tree seedling density (number of seedlings per 314 m2 plot) was analyzed for 

differences among bum severity classes using a mixed-model ANOV A. The ANOV A 

analysis was performed on the log-transformed total seedling density data. Significant 

group differences were found to exist in total seedling density based on bum severity 

class (F3,6 = 30.85; p = 0.0005). Total seedling density (Table 2.9) was highest in 

unburned plots and lowest in high severity plots. Pairwise comparisons (Table 2.10) 

were used to further distinguish total seedling density between bum severity classes. 

The Tukey-Kramer multiple comparisons procedure was used to compare burn 

severity groups. Since the data were log-transformed prior to analysis, interpreting the 

differences between groups involves considering a multiplicative factor change. 

Therefore, the median seedling density in the high bum severity class is 0.18 times 

greater than that in the low severity class (95% confidence interval of 0.07 to 0.46 

times greater). The median seedling density in the low severity class is 2.53 greater 
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than that in the moderate severity class (95% confidence interval of 1.00 to 6.35 times 

greater). In comparing adjacent burn severity classes, the only statistically significant 

difference emerged between the low and moderate classes. 

Table 2.9. Estimates of median seedling density per plot (314 m2) for each bum 
severity class. Estimates and 95% confidence intervals were back-transformed from a 
logarithmic transformation, therefore, SEs are not listed. 

Class 
unburned 

low 
moderate 

high 

Estimate DF tValue p-value LCL UCL 
100.89 6 23.391 0.0000 62.26 163.47 
50.10 6 19.843 0.0000 30.92 81.19 
19.84 6 15.146 0.0000 12.24 32.15 
9.26 6 11.283 0.0000 5.71 15.00 

Table 2.10. Pairwise comparisons between bum severity classes with respect to total 
seedling density per plot (314 m2). Bold type indicates statistically significant 
comparisons. Estimates were back-transformed from the logarithmic transformation, 
and therefore represent a multiplicative factor change between the classes. 

Adj p- Adj Adj 
Class vs. Estimate t6 value LCL UCL 
high low 0.18 -6.340 0.003 0.07 0.46 
high moderate 0.47 -2.861 0.102 0.19 1.17 
high unburned 0.09 -8.968 0.000 0.04 0.23 
low moderate 2.53 3.479 0.049 1.00 6.35 
low unburned 0.50 -2.628 0.135 0.20 1.25 

moderate unburned 0.20 -6.107 0.004 0.08 0.49 



2. 3. 6 Does soil microbial community composition vary among burn 

severity classes? 
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MRBP was used in PC-ORD to assess whether the soil microbial community differed 

with respect to bum severity classes. Subsamples were averaged to avoid 

pseudoreplication, and study site was used as a blocking variable. The Euclidean 

distance measure was used with median alignment at zero, concentrating the analysis 

on treatment differences within blocks (McCune and Grace 2002). The resulting 

A-statistic was 0.129, with a p-value of0.071, yielding inconclusive evidence that soil 

microbial community composition was affected by bum severity. 

2. 3. 7 What biotic and abiotic variables best explain patterns in the soil 

microbial community? 

NMS was used to explore the relationships between measured variables and the soil 

microbial community composition within the study plots. Three dimensions best 

explained the configuration of study plots in the reduced ordination space. There was 

a low probability (p = 0.0196) that the final configuration of the data was due to 

chance. The final minimum stress for the solution was 7.43, which is much lower than 

the minimum stress reached by a Monte Carlo test performed on randomly permuted 

data (19.40). The data were iterated 79 times and the solution was considered stable 

(final instability= 0.00001 ). There was a high correlation (r2 = 0.959) between the 

data in reduced and original space. The same environmental matrix used in the 

vegetation community analysis was assessed here. Ordination axes were rotated to 

align with the two longest variables in the joint plot; this resulted in aligning axis 1 

with the gram-positive bacterial biomarkers, and aligning axis 2 with the protozoan 

biomarkers. 
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Axis 1 corresponded to a gradient in the relative abundance of gram-positive bacteria 

vs. fungi (Figure 2. 7). The gram-positive bacterial biomarkers were highly correlated 

with axis 1 (r = 0.893), while the fungal (r = -0.499) and fungal:bacterial ratio 

biomarkers (r = -0.502) showed a moderately negative correlation with this axis. 

There was a subtle separation of plots by site along axis 1, as the Enos plots (triangles) 

were located along the upper end of axis 1 while the Moran (squares) and Wilcox 

(circles) plots were located toward the lower end of this axis. There was no evidence 

of a relationship between bum severity class and axis 1. 

A protozoan vs. total microbial biomass (total PLFA), fungal, and fungal: bacterial 

ratio (F /B ratio) gradient best explained axis 2. The protozoan biomarkers were highly 

correlated with this axis (r = 0.939), while the total PLFA (r = -0.547), fungal 

(r = -0.703), and fungal:bacterial ratio (r = -0.547) were negatively correlated with 

axis 2. The fungal biomarkers and fungal:bacterial ratio were related to axes 1 and 2, 

as both axes had higher relative amounts of fungal biomarkers and therefore a higher 

fungal: bacterial ratio along the bottom of the axes. The plots did not appear to 

separate clearly by bum severity class or study site along axis 2. 
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Figure 2. 7. Ordination of sample plots along axes 1 and 2. Burn severity is indicated 
by color and study site (Enos, Moran, Wilcox) are depicted by shape. The correlations 
listed for fungal biomarkers and the fungal: bacterial ratio are with respect to axis 2. 

In Figure 2.8, axis 3 appeared to represent a difference in soil properties, with soil pH 

highly negatively correlated with the axis (r = -0.815) and the C:N ratio positively 

correlated to axis 3 (r = 0.675). There was a slight separation of plots along axis 3 by 

bum severity classification, with most of the moderate severity (purple) and high 

severity (red) plots clustered toward the bottom of axis 3 (Figures 2.8, 2.9). The 

moderate severity plot at the top of Figure 2.8 is the outlier plot MM05. 
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Figure 2.8. Ordination of sample plots along axes 1 and 3. Burn severity classes are 
indicated by color; study sites (Enos, Moran, Wilcox) are depicted by shape. 
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Figure 2.9. Ordination of sample plots along axes 2 and 3. Burn severity classes are 
separated by color, and study sites (Enos, Moran, Wilcox) are indicated by shape. 

2.3.8 Does soil chemistry vary among burn severity classes? 

Total soil C, N, S, the C:N ratio, and soil pH were explored for whether these 

variables showed statistically significant differences based on bum severity 

classification. A mixed-model ANOV A was used to assess this, with multiple 

comparisons using the Tukey-Kramer adjustment performed on variables with 

statistically significant group differences. The total C and S data sets were log

transformed to meet ANOV A assumptions. There was evidence toward significant 
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group differences existing in the C:N ratio (F3,6 = 10.41; p = 0.0086) and soil pH 

(F3,6 = 13.98; p = 0.0041). There was suggestive evidence of a difference in total soil 

S among bum severity classes (F3,6 = 4.43; p = 0.0576), as this test yielded results that 

were very close to being statistically significant at the a = 0.05 level. 

Table 2.11. ANOV A results for testing soil chemistry differences among bum 
severity classes. Bold type indicates statistically significant differences. 

Response Variable F3.6 p-value 
Carbon 1.68 0.2689 

Nitrogen 0.50 0.6954 
Sulfur 4.43 0.0576 
C:N 10.41 0.0086 
pH 13.98 0.0041 

Since not much research has been conducted on soil chemistry in my study area, the 

estimated means, standard errors, and 95% confidence intervals are presented (Table 

2.12) to serve as baseline information for future studies. 
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Table 2.12. Estimated means (medians for total C and S estimates) and 95% 
confidence intervals for response variables in each burn severity class. Total C and S 
data were back-transformed from the logarithmic transformation, thus SEs are not 
listed. 

Response Variable Class Estimate SE LCL UCL 
Total unburned 6.06 3.67 10.02 

C low 5.47 3.31 9.03 
moderate 4.48 2.71 7.40 

high 3.81 2.31 6.30 
Total unburned 0.240 0.045 0.129 0.351 

N low 0.270 0.045 0.159 0.381 
moderate 0.244 0.045 0.133 0.355 

hi~h 0.193 0.045 0.083 0.304 
Total unburned 0.019 0.011 0.030 

s low 0.020 0.013 0.033 
moderate 0.011 0.007 0.018 

high 0.011 0.007 0.018 
C:N unburned 26.21 1.40 22.78 29.63 

low 21.39 1.40 17.96 24.81 
moderate 19.08 1.40 15.65 22.51 

hi~h 20.27 1.40 16.85 23.70 
pH unburned 4.46 0.28 3.78 5.14 

low 4.87 0.28 4.20 5.55 
moderate 5.69 0.28 5.02 6.37 

high 5.41 0.28 4.73 6.08 

Pairwise comparisons were made between bum severity classes using the Tukey

Kramer adjustment. Several pairwise comparisons emerged as statistically significant 

(Table 2.14; bold type). The largest difference in the C:N ratio was between the 

moderate severity and unburned plots (-7.13; p = 0.008). The difference in the C:N 

ratio between high severity and unburned plots was also large (-5.93; p = 0.019). Soil 

pH displayed the largest difference between moderate severity and unburned plots 

(1.23; p = 0.004). High severity plots also showed a large difference in pH when 

compared to unburned plots (0.95; p = 0.015). 
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Table 2.13. Pairwise differences in C:N ratio and pH between bum severity classes. 
The Tukey-Kramer adjustment was used to correct multiple comparisons. Bold type 
denotes statistically significant differences. 

Response Adj p- Adj Adj 
Variable Class vs. Estimate SE t6 value LCL UCL 

C:N high low -1.11 1.37 -0.81 0.847 -5.85 3.63 
high moderate 1.19 1.37 0.87 0.820 -3.55 5.93 
high unburned -5.93 1.37 -4.33 0.019 -10.67 -1.19 
low moderate 2.31 1.37 1.68 0.406 -2.43 7.05 
low unburned -4.82 1.37 -3.52 0.047 -9.56 -0.08 

moderate unburned -7.13 1.37 -5.20 0.008 -11.87 -2.39 
pH high low 0.53 0.21 2.56 0.145 -0.19 1.25 

high moderate -0.29 0.21 -1.38 0.553 -1.01 0.43 
high unburned 0.95 0.21 4.55 0.015 0.23 1.67 
low moderate -0.82 0.21 -3.94 0.029 -1.54 -0.10 
low unburned 0.41 0.21 1.99 0.289 -0.31 1.13 

moderate unburned 1.23 0.21 5.93 0.004 0.51 1.95 

Initial extractable available NH4 + and anaerobic incubation net mineralizable N as 

NH3 + were analyzed for differences between the unburned and high bum severity 

classes using a two-sample t-test. Data were averaged by bum severity class for each 

site to avoid pseudoreplication. A significant class difference was found for NH/ 

(t = 2.73; p = 0.0522); no significant difference was found for net mineralizable N as 

NH/ (t = -1.88; p = 0.1326). 

2. 3. 9 Is there a correlation between the vegetation and soil microbial 

communities? 

A Mantel Test was used to assess whether correlation was present within the 

vegetation and soil microbial community matrices. This resulted in a standardized 

Mantel statistic of 0.248 and at-value of 5.429 (p < 0.00001 ). The positive Mantel 



statistic and t-value indicate a positive correlation between the vegetation and soil 

microbial community matrices. 

2.4 Discussion 

2.4.1 Vegetation Community 
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Bum severity and study site differences have important ecological significance in 

describing vegetation community composition in my study area. Other studies have 

reached similar conclusions. Arevalo et al. (2001) examined community composition 

three years after fire in the Canary Islands and found that differences between study 

sites and bum intensity best explained the composition of the vegetation community, 

although differences between study sites emerged as a more dominant factor. The 

composition of one year post-fire California chaparral communities was explained by 

measures associated with fire intensity, such as soil nutrients and ash depth (Rice 

1993). 

Results of MRBP and NMS indicate that distinct vegetation communities are found 

within each bum severity class. Vegetation community composition within my 

sample plots varied along a bum severity gradient. Vegetation composition also 

corresponded with a gradient in overstory canopy cover, which is not surprising since 

residual canopy cover varies with bum severity. The results of indicator species 

analysis further strengthen the interrelation between vegetation community patterns 

and bum severity. Unburned and low severity plots had greater total plant cover, 

overstory canopy cover, shrub cover, and sedge cover than moderate and high severity 

plots. Moderate and high severity plots were dominated by forbs and grasses. The 

high bum severity class contained the highest cover of exotic plant species. No exotic 

plant species were found within the unburned plots. 
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The moderate and high bum severity classes contained a few species that store seed in 

the soil. These species can thrive post-fire and affect vegetation community 

dynamics. Some fire-stimulated seedbank: species are relatively short-lived, such as 

Dracocephalum parviflorum and Iliamna rivularis. Doyle et al. (1998) found 

D. parviflorum cover of 2 and 7 percent during the first and second post-fire years, 

respectively, while cover decreased to less than 0.5% by the third year post-fire. I 

found only one individual of this species within one high severity plot, which is 

consistent with the dominance of this species being restricted to early post-fire stages 

(Matthews 1993a). I rivularis was still abundant in the third year post-fire, with an 

average cover of 4.7% in moderate severity plots and 12.5% in high severity plots. 

Vegetation composition varied considerably among study sites. The Enos (2381-

2636 m) study site is higher in elevation than the Moran (2074-2128 m) or Wilcox 

(2094-2246 m) sites. However, there are other factors that contribute to variation in 

species composition, including edaphic, historic, and stochastic factors. Gram

positive bacterial biomarkers were positively correlated with axis 2, indicating that the 

Enos site may have a soil microbial community dominance by gram-positive bacteria. 

Soil moisture also was correlated with this axis; the Enos site had the highest soil 

moisture of any of the study sites. This site also had higher forb cover than the Moran 

or Wilcox sites, which had more shrub and canopy cover. It is not surprising that 

vegetation composition is different across the landscape; however, it is interesting that 

bum severity emerged as strongly as site in explaining species distribution. 

2.4.2 Vegetation Species Richness 

Species richness at the scale of individual plots is significantly affected by bum 

severity, although the results suggest that species richness is lowest in high and 

unburned classes, higher in low severity classes, and highest in moderate severity 
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classes. Other studies in northwestern Wyoming have had similar results (Anderson 

and Romme 1991; Turner et al. 1997), while another study performed within spruce

fir forests of Grand Teton National Park found the highest species richness within 

areas of highest bum severity (Doyle et al. 1998). Since moderate severity fires 

contain the greatest mixture of legacy and invader or opportunistic species, it follows 

that they would harbor the greatest species diversity. These results support the 

Intermediate Disturbance Hypothesis, which states that diversity is highest in areas 

subject to moderate levels of disturbance (Connell 1978). 

2. 4. 3 Seedling Tree Composition and Density 

Bum severity does affect the density and composition of seedling trees. There were 

significant differences among bum severity classes in total seedling density and 

density of Picea engelmannii, Abies lasiocarpa, and Populus tremuloides seedlings. 

Picea engelmannii and A. lasiocarpa are extremely sensitive to fire and their 

distributions were almost exclusively limited to low severity and unburned areas. 

More A. lasiocarpa seedlings were found than those of P. engelmannii three years 

after the fire. Data from Doyle et al. (1998) suggest that P. engelmannii seedlings 

may outnumber A. lasiocarpa seedlings as time progresses. Since P. engelmannii and 

A. lasiocarpa must disperse into burned areas from off-site seed sources, reforestation 

can be quite slow (Bradley et al. 1992; Stickney and Campbell 2000). This allows a 

long period of dominance by forbs, shrubs, and grasses and may explain the high 

diversity present within spruce-fir forests. 

An interesting result of Indicator Species Analysis is that trembling aspen (Populus 

tremuloides) emerged as an indicator of moderate bum severity (indicator value 

= 38.1, p = 0.0020). Aspen is a species of concern due to its widespread decline 

across the western U.S. and its contribution to landscape diversity. It is believed that 

aspen chiefly regenerates by means of root sprouting, although sexual reproduction 
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has recently been documented in areas burned within Grand Teton and Yellowstone 

National Parks (Kay 1993; Romme et al. 1997; Turner et al. 2003a). While no efforts 

were made to excavate seedlings in this study, most aspen encountered were believed 

to be the results of sexual reproduction. Aspen seedlings were isolated, and there was 

no evidence of former stems or stumps that could have produced root suckers. It is 

possible that the aspen seedlings sprouted from small aspen that had been components 

of the pre-fire understory; there were no aspen recorded in the intermediate and 

overstory tree data collected from any plot. While aspen were indicators of areas 

experiencing moderate bum severity, they also were fairly common in high bum 

severity areas. 

2.4.4 Soil Microbial Community 

No clear patterns emerged between burn severity and the soil microbial community. 

MRBP presented suggestive but inconclusive evidence toward bum severity affecting 

the soil microbial community. NMS identified a few gradients explaining the soil 

microbial community composition. One gradient was explained by relationship 

between C:N ratio and soil pH, which was suggestive of a burn severity effect on 

microbial community composition. The moderate and high bum severity plots 

generally separated out along this gradient based on their lower C:N ratio and higher 

soil pH, but the separation was somewhat messy. Another gradient was represented 

by a bacterial to fungal dominance within the soil microbial community. This gradient 

appears to be site-related, as the Enos plots were located toward the gram-positive 

bacterial end of the gradient, and the Moran and Wilcox plots were dispersed toward 

the fungal end of the gradient. The third gradient explaining community composition 

is best explained by a relationship between the relative abundance of protozoa vs. 

fungi. Protozoa are bacterial grazers, so it follows that there would be fewer protozoa 

in areas with a high fungal:bacterial ratio and abundant fungi. Total microbial 



biomass also was associated with this gradient; less microbial biomass might be 

expected in areas with high predation rates. 
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Because the vegetation community had such a pronounced response to burn severity 

and a positive correlation was detected between the vegetation and soil microbial 

community matrices, it was expected that the soil microbial community would have a 

similar response. There are several reasons why this might not have happened. The 

extreme heterogeneity present within the soil environment could be a factor why the 

soil microbial community was not distinctly influenced by burn severity. Studies have 

found discrete microbial communities associated with earthworm burrows (Savin et al. 

2004), charcoal residue in the soil (Pietikainen et al. 2000), and within different 

distances from tree boles (Wilkinson and Anderson 2001). The soil environment 

harbors an immense diversity of habitats and organisms; the scale of spatial sampling 

in this study might have been too broad to capture any distinct community response. 

Additionally, soil samples were taken from the top 10 cm of mineral soil. Soil is such 

an efficient insulator that fire effects rarely penetrate below 5 cm, even for high 

intensity fires, except when stumps or logs are present and residence time of the fire is 

sustained (DeBano et al. 1998; Baar et al. 1999). There might have been a 

pronounced soil microbial community response within the top 2 or 5 cm of mineral 

soil, but including unaffected soils could have diluted this effect. Deka and Mishra 

(1983) found significant effects of fire on soil microflora, but this effect was restricted 

to the top 2 cm of mineral soil. Below this level, no detectable fire effects were found. 

The methodology used in this study might not have had the resolution to detect 

differences in the soil microbial community based on burn severity classification. 

PLFA analysis is useful for obtaining a "fingerprint" of the microbial community at 

the time of sampling. There might have been distinct differences within organism 

groups in each burn severity class. The moderate and high severity plots could have 

been dominated by early successional or phoenicoid fungi; the unburned and low 

severity plots could have had an ectomycorrhizal fungal dominance. Focusing on 

broadly defined groups of organisms does not allow for such a distinction to be made. 



66 

Additionally, there might have been an initial post-fire effect of bum severity upon the 

soil microbial community composition, but the community might have recovered 

within the three years that elapsed post-fire. 

2. 4. 5 Soil Chemistry 

Some attributes of soil chemistry were affected by bum severity classification. The 

C:N ratio and soil pH were found to differ significantly among bum severity classes. 

The C:N ratio was highest in the unburned plots and decreased with increasing bum 

severity; however, the high severity plots contained a higher C:N ratio than the 

moderate severity plots. Total soil C includes charcoal C, so this may explain why 

high severity plots had a higher C:N ratio than moderate severity plots (Gonzales

Perez et al. 2004). There was a general trend of decreasing soil acidity with increasing 

bum severity; however, the high severity class had lower soil pH than the moderate 

severity class. This could be attributable to leaching loss of ash through erosion and 

percolation through the soil profile. Plots within the high bum severity class often had 

complete needle consumption in the overstory, while plots in the moderate severity 

class mainly had scorched needles retained on branches. These needles can carpet the 

forest floor and serve as protection against nutrients being transported off-site by wind 

and/or water. Total soil S showed suggestive differences among bum severity classes. 

The difference between unburned and low severity plots was very small, as was the 

difference between moderate and high severity plots. There was less total S in 

moderate and high severity plots compared to low and unburned plots, however. This 

indicates that increased levels of bum severity contribute to total S losses in my study 

sites. Total soil C decreased with increasing bum severity, but not in a statistically 

significant manner. There was more available NH 4+ in the high severity vs. unburned 

plots, indicating that bum severity has a lingering effect on nitrogen dynamics in this 

system even three years after fire. However, total soil N was quite variable amongst 

bum severity classes, with the highest N found in low severity plots, the lowest N 
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found in high severity plots, and unburned and moderate plots sharing similar total N 

values. The N-fixing shrub Ceanothus velutinus may have compensated for some N

losses in the moderate and high severity plots, and potentially, the spatial variability of 

nutrients within the soil matrix could have had a much greater influence on total soil N 

than bum severity effects (Antos et al. 2003). 

2.5 Conclusion 

Bum severity in this study is a significant force shaping the composition of vegetation 

communities three years after fire. Despite significant differences among the study 

sites, bum severity had an equalizing effect through its influence on species 

composition and abundance, vegetation species richness, and seedling tree 

regeneration across the study area. Soil microbial communities showed a slight 

response to bum severity and site gradients, which is potentially attributable to the 

heterogeneity of the soil environment, the time elapsed post-fire, and/or artifacts of 

methodology. Some soil chemistry changes persisted in the study area three years 

post-fire, namely increased soil pH, lower C:N ratios, and lower total Sin moderate 

and high bum severity plots. 

Since the fires included in this research project were selected based on their similar 

locations, ignition dates, and vegetation types, the scope of statistical inference cannot 

be extended beyond the Enos, Moran, and Wilcox fires. Additionally, since some 

areas within these fires were excluded because they had experienced multiple recent 

disturbances, the scope of inference is further reduced. One last factor restricting the 

scope of inference is that research plots were established within 2 km of an access 

point. Therefore, the scope of inference for this study is rather small and results 

cannot be extrapolated to other ecosystems and situations. However, results of this 

research will be useful to scientists and managers in formulating hypotheses relating to 

vegetation and soil microbial community response to bum severity. 
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Disturbance serves as a filter that interacts with existing environmental gradients to 

determine the composition of vegetation communities (Turner and Romme 1994). In 

this study both disturbance severity and environmental gradients emerged as strong 

forces shaping the composition of the post-fire community. This study is a snapshot 

of the post-fire vegetation dynamics present within spruce-fir ecosystems, and the 

patterns reported here may not necessarily persist or be generalizable to other 

ecosystems. Additional sampling is needed to determine whether the signal of 

disturbance severity weakens through time, and if so, at what point it is usurped by 

stronger signals. The rate at which the burn severity mosaic fades over time is 

unknown, as is its influence on determining long-term patterns in vegetation 

dynamics. Anderson and Romme (1991) and Turner et al. (2003b) suggest that 

disturbance severity can continue to influence the vegetation community for a century 

or more, perhaps until the next large fire. 
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LANDSCAPE APPLICATIONS AND CONCLUSIONS 

3 .1 Introduction 

Considering fire effects across the landscape is essential to understanding ecosystem 

recovery and resilience. Describing and documenting the bum severity mosaic in 

terms of patch type, size, and spatial arrangement allow for a landscape-level 

assessment of diversity. Romme (1982) applied concepts of diversity to the landscape 

level by defining richness as the number of communities present and evenness as the 

area across which each community occurs in relation to the total area being 

considered. He added a 'patchiness' component that describes how many 

communities of each type are distributed across the landscape. Remotely sensed data 

such as the dNBR are useful for conceptualizing landscape diversity and documenting 

the variability in diversity that exists among fire events in the same vegetation type 

and also in fire events among different ecosystem types. 

Understanding the ecological meaning of different bum severity classes allows the 

generalization of fire effects to the landscape level. Integrating the patchiness 

component with an understanding of species' life history traits can allow for 

predictions about ecosystem recovery rates and successional trajectories. 

While this study does not attempt to quantify the bum severity mosaic in relation to 

landscape diversity, it can serve as baseline information for such efforts. 
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3 .2 Bum Severity Class Distributions 

When the distribution of the burn severity mosaic within the Enos, Moran, and Wilcox 

sites is explored at the landscape scale, it is apparent that the moderate burn severity 

class is best represented within these three fires. The dNBR imagery utilized in this 

study did contain a moderate amount of error. Data from the Grand Teton National 

Park Fire Management Office indicates that only a moderate correlation (r2 ranges 

from 0.403-0.670) exists between dNBR and CBI data from spruce-fir forests in 

northwestern Wyoming (D. Abendroth, unpublished data). Accuracy assessments and 

modifications to dNBR data processing techniques are ongoing. The dNBR data are 

presented here to provide a general picture of how burn severity classes were 

distributed across the landscape in this study. 
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Figure 3 .1. Distribution of burn severity classes within the Enos Fire. 
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Figure 3.2. Distribution of burn severity classes within the Moran Fire. 
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Figure 3.3. Distribution of bum severity classes within the Wilcox Fire. 
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Spruce-fir ecosystems are very sensitive to fire, and this was apparent by the spatial 

distribution of the bum severity mosaic. The bum severity classes were not evenly 

distributed across the study sites; there were greater proportions of moderate and high 

severity areas within all three fires. Areas experiencing low bum severity were less 

frequently encountered, and unburned patches were rare. The unburned and low 

severity patches are important sources of regeneration for Engelmann spruce and 

subalpine fir, since both trees establish into burned areas from the seed source of 

surviving trees (Oosting and Reed 1952). Additionally, Engelmann spruce and 
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subalpine fir are members of the Pinaceae and therefore dependent upon mycorrhizal 

partners (Horton et al. 1998; Baar et al. 1999). It has been found that recolonization of 

ectomycorrhizae into burned areas primarily results from residual inoculum in the soil 

rather than by dispersal (Horton et al. 1998; Baar et al. 1999; Miller et al. 1998). Even 

though unburned and low severity areas are less represented on the landscape, they 

serve an important role as refugia for fire-sensitive species. Since soil is such an 

effective insulator, the soil microbial community is better protected against fire than 

the vegetation community. Even within areas of high burn severity, patches of the soil 

matrix can harbor mycorrhizal propagules and bacterial endospores in the "subsoil 

refugia" that can contribute to ecosystem recovery. 

3.3 Management Implications and Future Research Needs 

Describing the burn severity mosaic is as important to understanding the fire ecology 

of an ecosystem as is defining fire history and fire regimes. The degree to which the 

burn severity mosaic shifts over time based on fire frequency, climatic conditions, and 

fire weather is not documented for most systems. Understanding how patches of 

different bum severities shape post-fire successional dynamics is a vital part of 

deciphering vegetation dynamics across the landscape. Documenting the proportion 

and distribution of burn severities across the landscape is important, since burn 

severity can be as influential in shaping community structure and composition as 

environmental and edaphic factors. 

When fire is used as a restoration tool, a complicated social environment often forces 

its application in seasons when it would not naturally occur ( e.g., early spring or late 

fall) and at lower fire intensities. The application of prescribed fire also must occur 

during shortened burning windows; large areas are often treated with fire over the 

period of a few days as compared to burning for weeks or months and extinguishing 

with weather events. In some situations, the prescription of fire resulting in high burn 
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severities may be impossible. It is important to recognize that the fire effects resulting 

from such restoration activities will be limited in their contribution to pyrodiversity 

across the landscape. When fire interacts with ecosystems that have experienced a 

large departure from their historic disturbance regimes, pyrodiversity also may be 

limited by large swaths of uncontrollable high-intensity fire resulting from altered 

stand structures and fuel loadings. 

Considering climate change effects and how bum severity mosaics might be affected 

by warmer and wetter or drier conditions is essential to conceptualizing desired future 

conditions. An altered climate implies a shift in disturbance regime, with 

consequences for species recovery and dispersal. Modeling applications will be useful 

tools for examining the repercussions of climate change scenarios on ecosystem 

composition, structure, function, and processes. 
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Appendix A. Full species list with average cover(%) and constancy(# plots/total 
plots) for each burn severity class and study site. 

Species Unburned Low Moderate High Enos Moran Wilcox 

Abies lasiocarpa 
10.87 7.47 0.89 0.02 3.52 7.80 3.12 
1.00 1.00 0.53 0.07 0.75 0.65 0.55 

Acer glabrum 
0.00 0.00 0.00 0.09 0.00 0.02 0.05 
0.00 0.00 0.00 0.13 0.00 0.05 0.05 

Achillea millefolium 0.07 0.58 0.22 0.11 0.66 0.02 0.05 
var. lanulosa 0.20 0.33 0.53 0.33 0.85 0.05 0.15 

Aconitum 1.93 0.09 0.40 0.04 1.52 0.25 0.08 
columbianum 0.20 0.13 0.40 0.13 0.35 0.15 0.15 

Actaea rubra 
0.02 0.07 0.13 1.02 0.00 0.07 0.87 
0.07 0.20 0.40 0.13 0.00 0.20 0.40 

Agoeris aurantiaca 
0.13 1.07 0.44 0.20 1.07 0.12 0.20 
0.40 0.53 0.93 0.47 0.80 0.35 0.60 

Agoseris glauca 
0.02 0.11 0.15 0.35 0.28 0.12 0.08 
0.07 0.33 0.47 0.53 0.45 0.35 0.25 

Agropyron 0.00 1.62 0.07 0.00 1.27 0.00 0.00 
cristatum 0.00 0.20 0.20 0.00 0.30 0.00 0.00 

Agrostis exarata 0.00 0.02 0.00 0.00 0.02 0.00 0.00 
0.00 0.07 0.00 0.00 0.05 0.00 0.00 

Agrostis scabra 
0.00 0.09 0.02 0.00 0.07 0.00 0.02 
0.00 0.13 0.07 0.00 0.10 0.00 0.05 

A/nus incana var. 0.00 0.00 0.13 0.00 0.00 0.10 0.00 
occidentalis 0.00 0.00 0.07 0.00 0.00 0.05 0.00 
Amelanchier 0.31 0.27 0.24 0.04 0.00 0.32 0.33 

alnifolia 0.53 0.40 0.47 0.13 0.00 0.65 0.50 
Anaphalis 0.02 0.27 0.22 0.22 0.23 0.27 0.05 

margaritacea 0.07 0.27 0.67 0.40 0.50 0.40 0.15 

Angelica arguta 
0.00 0.20 0.53 0.00 0.00 0.50 0.05 
0.00 0.07 0.13 0.00 0.00 0.10 0.05 

Antennaria 0.00 0.02 0.04 0.02 0.05 0.02 0.00 
luzuloides 0.00 0.07 0.13 0.07 0.15 0.05 0.00 

Antennaria 0.20 0.02 0.04 0.00 0.10 0.00 0.10 
racemosa 0.33 0.07 0.13 0.00 0.20 0.00 0.20 

Aquilegia sp. 0.04 0.09 0.15 0.07 0.10 0.02 0.15 
0.13 0.27 0.33 0.20 0.30 0.05 0.35 
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Species Unburned Low Moderate High Enos Moran Wilcox 

Arabis glabra 
0.00 0.04 0.02 0.04 0.07 0.00 0.02 
0.00 0.13 0.07 0.13 0.20 0.00 0.05 

Arabis hirsuta 
0.00 0.00 0.00 0.02 0.00 0.00 0.02 
0.00 0.00 0.00 0.07 0.00 0.00 0.05 

Arnica cordifolia 
8.26 3.18 3.64 7.38 12.93 1.13 2.78 
1.00 0.93 1.00 0.80 0.90 0.90 1.00 

Arnica parryi 
0.07 1.98 0.09 0.02 1.58 0.03 0.00 
0.20 0.27 0.27 0.07 0.50 0.10 0.00 

Arostis stolonifera 
0.00 0.00 0.02 0.00 0.00 0.00 0.02 
0.00 0.00 0.07 0.00 0.00 0.00 0.05 

Artemisia biennis 
0.00 0.02 0.00 0.00 0.00 0.00 0.02 
0.00 0.07 0.00 0.00 0.00 0.00 0.05 

Artemisia tridentata 
0.00 0.02 0.02 0.07 0.02 0.00 0.07 
0.00 0.07 0.07 0.07 0.05 0.00 0.10 

Astragalus alpinus 
0.09 0.09 0.40 0.18 0.27 0.10 0.20 
0.27 0.13 0.33 0.20 0.45 0.05 0.20 

Athyrium felix- 0.00 0.00 0.02 0.00 0.00 0.02 0.00 
femina 0.00 0.00 0.07 0.00 0.00 0.05 0.00 

Balsamorhiza 0.00 0.00 0.00 0.02 0.02 0.00 0.00 
sagittata 0.00 0.00 0.00 0.07 0.05 0.00 0.00 

Bromus carinatus 
0.00 0.04 0.04 0.04 0.10 0.00 0.00 
0.00 0.13 0.13 0.13 0.30 0.00 0.00 

Bromus vulgaris 
1.93 7.49 4.58 3.49 2.93 1.67 8.52 
0.40 0.73 0.93 0.27 0.45 0.65 0.65 

Calamagrostis 0.33 0.02 0.29 0.07 0.52 0.02 0.00 
inexpansa 0.27 0.07 0.13 0.07 0.35 0.05 0.00 

Calamagrostis 0.02 0.00 0.42 0.00 0.00 0.30 0.03 
koelerioides 0.07 0.00 0.13 0.00 0.00 0.05 0.10 

Calamagrostis 0.00 0.69 0.07 0.00 0.57 0.00 0.00 
montanensis 0.00 0.27 0.07 0.00 0.25 0.00 0.00 

Calamagrostis 0.00 0.00 0.02 0.02 0.03 0.00 0.00 
purpurascens 0.00 0.00 0.07 0.07 0.10 0.00 0.00 
Calamagrostis 0.07 3.84 10.56 6.11 0.78 13.12 1.53 

rubescens 0.20 0.80 0.40 0.60 0.30 0.85 0.35 
Campanula 0.04 0.18 0.13 0.07 0.15 0.13 0.03 
rotundifolia 0.13 0.53 0.40 0.20 0.45 0.40 0.10 

Carex athrostachya 
0.00 1.51 0.04 0.07 1.20 0.02 0.00 
0.00 0.13 0.13 0.07 0.20 0.05 0.00 

Carex geyerii 
25.53 12.33 14.29 7.71 15.45 14.57 14.88 
1.00 0.87 0.93 1.00 0.85 1.00 1.00 
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Carex sp. 
0.00 0.13 0.00 0.00 0.10 0.00 0.00 
0.00 0.07 0.00 0.00 0.05 0.00 0.00 

Castilleja 0.04 0.07 0.09 0.00 0.08 0.05 0.02 
linariifolia 0.13 0.20 0.13 0.00 0.25 0.05 0.05 

Ceanothus velutinus 
0.00 0.07 0.07 4.93 0.03 3.67 0.10 
0.00 0.20 0.20 0.73 0.10 0.45 0.30 

Chamerion 
1.73 7.98 25.69 8.49 12.82 1.05 19.05 

angustifolium var. 
0.73 1.00 1.00 1.00 1.00 0.90 0.90 

angustifolium 
Chenopodium 0.00 0.07 0.15 0.09 0.07 0.02 0.15 

atrovirens 0.00 0.20 0.47 0.27 0.20 0.05 0.45 
Chimaphila 

0.44 0.20 0.07 0.00 0.00 0.45 0.08 
umbellata var. 
occidentalis 

0.53 0.47 0.20 0.00 0.00 0.65 0.25 

Cirsium arvense 0.00 0.15 0.58 2.07 0.33 1.28 0.48 
0.00 0.47 0.73 0.60 0.20 0.45 0.70 

Cirsium vulgare 
0.00 0.02 0.09 0.04 0.02 0.05 0.05 
0.00 0.07 0.27 0.13 0.05 0.15 0.15 

Clematis 
0.00 0.00 0.00 0.02 0.00 0.00 0.02 

occidentalis var. 
0.00 0.00 0.00 0.07 0.00 0.00 0.05 

grosseserrata 

Collinsia parviflora 
0.00 0.00 0.04 0.00 0.03 0.00 0.00 
0.00 0.00 0.13 0.00 0.10 0.00 0.00 

Collomia linearis 
0.00 0.15 0.22 0.27 0.42 0.00 0.07 
0.00 0.33 0.33 0.27 0.50 0.00 0.20 

Conyza canadensis 
0.00 0.00 0.04 0.00 0.00 0.00 0.03 
0.00 0.00 0.13 0.00 0.00 0.00 0.10 

Corallorhiza 0.00 0.02 0.00 0.00 0.00 0.02 0.00 
mertensiana 0.00 0.07 0.00 0.00 0.00 0.05 0.00 

Crepis atrobarba 
0.00 0.07 0.07 0.00 0.10 0.00 0.00 
0.00 0.20 0.07 0.00 0.20 0.00 0.00 

Crepis tectorum 0.00 0.11 0.11 0.27 0.12 0.05 0.20 
0.00 0.33 0.33 0.33 0.10 0.15 0.50 

Crypt ant ha 0.00 0.00 0.00 0.02 0.02 0.00 0.00 
torreyana 0.00 0.00 0.00 0.07 0.05 0.00 0.00 
Danthonia 0.00 0.02 0.00 0.00 0.02 0.00 0.00 
intermedia 0.00 0.07 0.00 0.00 0.05 0.00 0.00 

Dracocephalum 
0.00 0.00 0.00 0.02 0.00 0.02 0.00 

parviflorum 
0.00 0.00 0.00 0.07 0.00 0.05 0.00 
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Elymus glaucus 
1.93 2.78 4.49 0.53 4.03 0.77 2.50 
0.87 0.87 1.00 0.40 0.80 0.60 0.95 

Epilobium 0.00 0.24 2.02 0.44 0.15 0.38 1.50 
brachycarpum 0.00 0.73 0.93 0.80 0.45 0.65 0.75 

Equisetum arvense 
0.00 0.20 0.00 0.00 0.00 0.15 0.00 
0.00 0.07 0.00 0.00 0.00 0.05 0.00 

Equisetum 0.02 0.00 0.13 0.00 0.02 0.03 0.07 
variegatum 0.07 0.00 0.27 0.00 0.05 0.10 0.10 

Ericameria sp. 
0.00 0.00 0.00 0.02 0.00 0.02 0.00 
0.00 0.00 0.00 0.07 0.00 0.05 0.00 

Erigeron 
0.02 0.02 0.04 0.04 0.03 0.02 0.05 

peregrinus var. 
0.07 0.07 0.13 0.13 0.10 0.05 0.15 

scaposus 

Erigeron speciosus 
0.07 0.04 0.04 0.04 0.15 0.00 0.00 
0.20 0.13 0.13 0.13 0.45 0.00 0.00 

Eriogonum 0.00 0.02 0.02 0.00 0.03 0.00 0.00 
umbel/a tum 0.00 0.07 0.07 0.00 0.10 0.00 0.00 
Eriophyllum 

0.00 0.02 0.00 0.00 0.02 0.00 0.00 
lanatum var. 

0.00 0.07 0.00 0.00 0.05 0.00 0.00 
integrifolium 

Eurybia conspicua 
0.00 0.00 0.02 0.20 0.00 0.00 0.17 
0.00 0.00 0.07 0.13 0.00 0.00 0.15 

Eurybia integrifolia 
0.04 1.35 0.35 0.18 1.15 0.15 0.15 
0.13 0.40 0.60 0.40 0.60 0.20 0.35 

Eurybia merita 
0.00 0.00 0.00 0.04 0.03 0.00 0.00 
0.00 0.00 0.00 0.13 0.10 0.00 0.00 

Festuca idahoensis 
0.00 1.00 0.02 0.00 0.77 0.00 0.00 
0.00 0.07 0.07 0.00 0.10 0.00 0.00 

Fragaria vesca 
0.00 0.00 0.02 0.00 0.00 0.00 0.02 
0.00 0.00 0.07 0.00 0.00 0.00 0.05 

Fragaria virginiana 
1.33 1.44 0.67 0.04 1.85 0.28 0.48 
0.73 0.60 0.60 0.13 0.70 0.25 0.60 

Frasera speciosa 
0.15 0.00 0.02 0.00 0.02 0.02 0.10 
0.33 0.00 0.07 0.00 0.05 0.05 0.20 

Gallium triflorum 
0.09 0.40 0.47 0.11 0.03 0.37 0.40 
0.27 0.60 0.60 0.20 0.10 0.55 0.60 

Gayophytum 
diffusum var. 0.00 0.09 0.02 0.09 0.13 0.00 0.02 

strictipes 0.00 0.13 0.07 0.27 0.30 0.00 0.05 
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Gentianaceae 0.00 0.02 0.00 0.00 0.00 0.02 0.00 
unknown 0.00 0.07 0.00 0.00 0.00 0.05 0.00 

Geranium bicknellii 
0.00 0.00 0.00 0.02 0.00 0.00 0.02 
0.00 0.00 0.00 0.07 0.00 0.00 0.05 

Geranium 0.91 0.16 0.22 0.07 0.68 0.27 0.07 
richardsonii 0.20 0.13 0.33 0.20 0.15 0.30 0.20 
Geranium 

1.91 4.20 0.31 0.00 4.43 0.12 0.27 
viscosissimum var. 

0.53 0.53 0.67 0.00 0.65 0.25 0.40 
viscosissimum 

Goodyera 0.15 0.15 0.04 0.00 0.02 0.17 0.08 
oblongifolia 0.47 0.47 0.13 0.00 0.05 0.50 0.25 

Hedysarum sp. 0.00 0.00 0.02 0.00 0.00 0.00 0.02 
0.00 0.00 0.07 0.00 0.00 0.00 0.05 

Helianthella 0.00 0.04 0.04 0.00 0.05 0.00 0.02 
uni.flora 0.00 0.13 0.13 0.00 0.15 0.00 0.05 

Heracleum 
0.00 0.02 0.16 0.00 0.02 0.07 0.05 

sphondylium var. 
0.00 0.07 0.20 0.00 0.05 0.10 0.05 

lanatum 
Hieracium 0.15 0.26 0.53 0.13 0.15 0.40 0.26 
albiflorum 0.47 0.67 1.00 0.40 0.45 0.75 0.70 
Hordeum 0.00 0.00 0.02 0.00 0.02 0.00 0.00 

brachyantherum 0.00 0.00 0.07 0.00 0.05 0.00 0.00 

Iliamna rivularis 
0.00 0.24 4.71 12.51 7.23 0.23 5.63 
0.00 0.60 0.93 0.87 0.60 0.50 0.70 

Juncus confusus 
0.00 0.07 0.00 0.00 0.05 0.00 0.00 
0.00 0.07 0.00 0.00 0.05 0.00 0.00 

Juniperus 
0.07 0.00 0.00 0.00 0.00 0.00 0.05 

communis var. 
0.07 0.00 0.00 0.00 0.00 0.00 0.05 

depressa 
Lactuca 0.00 0.07 0.00 0.00 0.05 0.00 0.00 

oblongifolia 0.00 0.07 0.00 0.00 0.05 0.00 0.00 

Lactuca serriola 
0.00 0.09 0.22 0.53 0.05 0.40 0.18 
0.00 0.27 0.67 0.73 0.15 0.55 0.55 

Ligusticum 0.33 0.44 0.71 0.00 0.85 0.08 0.18 
filicinum 0.47 0.27 0.47 0.00 0.50 0.15 0.25 

Linaria vulgaris 0.00 0.00 0.00 0.02 0.00 0.00 0.02 
0.00 0.00 0.00 0.07 0.00 0.00 0.05 

Linum lewisii 
0.00 0.02 0.00 0.00 0.02 0.00 0.00 
0.00 0.07 0.00 0.00 0.05 0.00 0.00 
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Listera borealis 
0.00 0.02 0.00 0.00 0.00 0.02 0.00 
0.00 0.07 0.00 0.00 0.00 0.05 0.00 

Listera caurina 
0.09 0.00 0.00 0.00 0.00 0.07 0.00 
0.27 0.00 0.00 0.00 0.00 0.20 0.00 

Lonicera 0.49 0.00 0.13 0.13 0.07 0.15 0.35 
involucrata 0.73 0.00 0.27 0.07 0.10 0.35 0.35 

Lonicera utahensis 
3.11 3.55 1.02 0.49 0.40 2.82 2.92 
0.93 0.80 0.73 0.87 0.70 0.90 0.90 

Lupinus argenteus 1.07 8.62 1.82 0.04 8.27 0.32 0.08 
0.67 0.40 0.47 0.13 0.80 0.20 0.25 

Madia glomerata 0.00 0.02 0.00 0.00 0.02 0.00 0.00 
0.00 0.07 0.00 0.00 0.05 0.00 0.00 

Mahonia repens 
0.20 0.18 0.18 0.13 0.03 0.31 0.17 
0.47 0.40 0.53 0.40 0.10 0.75 0.50 

Melica subulata 
0.02 0.07 0.15 0.02 0.03 0.17 0.00 
0.07 0.20 0.33 0.07 0.10 0.40 0.00 

Menziesii 
2.73 0.98 0.00 0.02 0.00 2.07 0.73 

ferruginea var. 
JZ[abella 

0.20 0.33 0.00 0.07 0.00 0.20 0.25 

Mertensia ciliata 
0.00 0.00 0.02 0.02 0.02 0.00 0.02 
0.00 0.00 0.07 0.07 0.05 0.00 0.05 

Mimulus guttatus 
0.00 0.00 0.02 0.00 0.00 0.00 0.02 
0.00 0.00 0.07 0.00 0.00 0.00 0.05 

Mimulus lewisii 
0.00 0.00 0.00 0.02 0.02 0.00 0.00 
0.00 0.00 0.00 0.07 0.05 0.00 0.00 

Minuartia 0.00 0.07 0.02 0.04 0.10 0.00 0.00 
austromontana 0.00 0.20 0.07 0.13 0.30 0.00 0.00 

Mitella sp. 
0.02 0.09 0.07 0.02 0.03 0.02 0.10 
0.07 0.27 0.20 0.07 0.10 0.05 0.30 

Osmorhiza berteroi 
0.33 0.38 0.49 0.13 0.17 0.26 0.56 
1.00 0.73 0.93 0.27 0.50 0.80 0.90 

Paxistima 0.09 0.02 0.00 0.02 0.00 0.00 0.10 
myrsinites 0.27 0.07 0.00 0.07 0.00 0.00 0.30 

Pedicularis 
0.11 0.07 0.09 0.00 0.15 0.00 0.05 

bracteosa var. 
paysoniana 

0.33 0.20 0.27 0.00 0.45 0.00 0.15 

Pedicularis 0.46 0.20 0.13 0.02 0.23 0.17 0.22 
racemosa var. alba 1.00 0.47 0.40 0.07 0.50 0.50 0.45 

Perideridia 0.02 0.09 0.02 0.00 0.08 0.02 0.00 
montana 0.07 0.27 0.07 0.00 0.25 0.05 0.00 
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Phleum alpinum 
0.02 0.00 0.00 0.00 0.02 0.00 0.00 
0.07 0.00 0.00 0.00 0.05 0.00 0.00 

Phleum pratense 
0.00 0.27 0.18 0.02 0.12 0.03 0.20 
0.00 0.53 0.53 0.07 0.25 0.10 0.50 

Picea engelmannii 
4.47 2.47 0.53 0.02 0.80 3.02 1.80 
0.93 0.93 0.47 0.07 0.60 0.55 0.65 

Pinus albicaulis 
0.15 0.09 0.00 0.00 0.12 0.03 0.03 
0.47 0.13 0.00 0.00 0.25 0.10 0.10 

Pinus contorta var. 0.64 0.31 0.18 0.13 0.68 0.15 0.12 
latifolia 0.60 0.27 0.53 0.40 0.55 0.45 0.35 

Poa interior 
0.00 0.09 0.15 0.04 0.02 0.05 0.15 
0.00 0.27 0.47 0.13 0.05 0.15 0.45 

Poajuncifolia 
0.00 0.89 1.11 0.04 1.52 0.00 0.02 
0.00 0.33 0.33 0.13 0.55 0.00 0.05 

Polygonum 
0.00 0.07 0.13 0.18 0.20 0.00 0.08 

douglassii var. 
0.00 0.20 0.40 0.40 0.50 0.00 0.25 

douglasii 
Populus 0.00 0.11 0.33 0.33 0.20 0.17 0.21 

tremuloides 0.00 0.33 0.87 0.73 0.50 0.30 0.65 

Potentilla arguta 
0.00 0.13 0.02 0.00 0.12 0.00 0.00 
0.00 0.27 0.07 0.00 0.25 0.00 0.00 

Potentilla 0.00 0.07 0.09 0.00 0.00 0.00 0.12 
flabe llifolia 0.00 0.20 0.27 0.00 0.00 0.00 0.35 

Potentilla gracilis 
0.13 1.18 0.15 0.04 0.98 0.03 0.12 
0.40 0.20 0.47 0.13 0.45 0.10 0.35 

Pseudognaphalium 0.00 0.02 0.04 0.11 0.07 0.05 0.02 
stramineum 0.00 0.07 0.13 0.33 0.20 0.15 0.05 
Pseudotsuga 

0.78 0.00 0.00 0.00 0.00 0.00 0.58 
menziesii var. 

0.27 0.00 0.00 0.00 0.00 0.00 0.20 
glauca 

Pteridium 0.00 5.33 0.80 0.00 0.00 4.60 0.00 
aquilinum 0.00 0.07 0.07 0.00 0.00 0.10 0.00 
Pterospora 0.00 0.02 0.00 0.00 0.00 0.00 0.02 
andromedea 0.00 0.07 0.00 0.00 0.00 0.00 0.05 

Pyrola chlorantha 
0.44 0.18 0.09 0.00 0.25 0.12 0.17 
0.60 0.53 0.27 0.00 0.20 0.35 0.50 

Ranunculus 0.02 0.00 0.02 0.00 0.03 0.00 0.00 
uncinatus 0.07 0.00 0.07 0.00 0.10 0.00 0.00 

Ribes cereum 
0.24 0.11 1.73 0.33 0.02 0.17 1.63 
0.27 0.33 0.33 0.53 0.05 0.25 0.80 
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Ribes lacustre 
0.09 0.40 0.29 0.11 0.08 0.22 0.37 
0.13 0.60 0.47 0.20 0.15 0.30 0.60 

Ribes montigeum 
0.12 0.00 0.00 0.00 0.00 0.09 0.00 
0.13 0.00 0.00 0.00 0.00 0.10 0.00 

Ribes 0.04 0.04 0.20 0.04 0.15 0.05 0.05 
viscosissimum 0.13 0.13 0.47 0.13 0.35 0.15 0.15 

Rosa nutkana var. 0.02 0.00 0.00 0.00 0.00 0.00 0.02 
hispida 0.07 0.00 0.00 0.00 0.00 0.00 0.05 

Rubus idaeus var. 0.00 0.00 0.00 0.04 0.00 0.02 0.02 
strigosus 0.00 0.00 0.00 0.13 0.00 0.05 0.05 

Rubus parviflorus 
0.00 1.95 0.31 1.11 0.00 0.20 2.33 
0.00 0.40 0.27 0.27 0.00 0.20 0.50 

Rudbeckia 0.09 0.04 0.44 0.00 0.08 0.25 0.10 
occidentalis 0.13 0.13 0.27 0.00 0.15 0.05 0.20 

Salix scouleriana 
0.02 0.07 0.11 0.09 0.08 0.10 0.03 
0.07 0.20 0.33 0.27 0.25 0.30 0.10 

Sambucus 
0.00 0.22 0.38 0.42 0.30 0.12 0.35 

racemosa var. 
0.00 0.40 0.60 0.67 0.35 0.25 0.65 

microbotrys 

Senecio crassulus 
0.02 0.15 0.15 0.00 0.20 0.03 0.02 
0.07 0.47 0.33 0.00 0.50 0.10 0.05 

Senecio serra 
0.00 1.33 0.22 0.04 1.18 0.02 0.00 
0.00 0.33 0.40 0.13 0.60 0.05 0.00 

Senecio triangularis 
0.00 0.00 0.02 0.00 0.00 0.02 0.00 
0.00 0.00 0.07 0.00 0.00 0.05 0.00 

Shepherdia 1.44 0.02 0.00 0.00 0.13 0.00 0.97 
canadensis 0.53 0.07 0.00 0.00 0.15 0.00 0.30 

Silene drummondii 
0.00 0.02 0.00 0.00 0.02 0.00 0.00 
0.00 0.07 0.00 0.00 0.05 0.00 0.00 

Solidago 0.09 0.02 0.07 0.02 0.07 0.03 0.05 
missouriensis 0.27 0.07 0.20 0.07 0.20 0.10 0.15 

Sonchus asper 
0.00 0.00 0.00 0.36 0.25 0.02 0.00 
0.00 0.00 0.00 0.13 0.05 0.05 0.00 

Sorbus scopulina 
0.40 1.24 0.15 0.15 0.00 0.50 0.97 
0.47 0.53 0.47 0.33 0.00 0.75 0.60 

Spergula sp.? 0.00 0.00 0.00 0.02 0.00 0.00 0.02 
0.00 0.00 0.00 0.07 0.00 0.00 0.05 

Spiraea betulifolia 5.07 3.40 3.60 3.71 0.03 4.70 7.10 
var. lucida 0.67 0.60 0.67 0.73 0.10 1.00 0.90 
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Stellaria crassifolia 
0.00 0.02 0.00 0.00 0.00 0.00 0.02 
0.00 0.07 0.00 0.00 0.00 0.00 0.05 

Stellaria crispa 
0.00 0.00 0.04 0.00 0.00 0.00 0.03 
0.00 0.00 0.13 0.00 0.00 0.00 0.10 

Streptopus 0.15 0.09 0.09 0.04 0.05 0.12 0.12 
amplexifolius 0.33 0.27 0.27 0.13 0.05 0.35 0.35 

Symphyotrichum 0.31 0.62 0.58 0.49 0.65 0.20 0.65 
eatonii 0.80 0.60 0.73 0.40 0.65 0.50 0.75 

Thalictrum 5.24 2.40 1.73 0.22 3.50 1.50 2.20 
occidentalis 1.00 0.93 0.93 0.40 0.75 0.80 0.90 

Tojieldia glutinosa 0.07 0.00 0.02 0.00 0.05 0.02 0.00 
var. montana 0.20 0.00 0.07 0.00 0.15 0.05 0.00 

Tragopogon dubius 
0.00 0.11 0.22 0.26 0.10 0.17 0.18 
0.00 0.33 0.67 0.80 0.30 0.50 0.55 

Trifolium hybridum 
0.00 0.20 0.02 0.00 0.15 0.00 0.02 
0.00 0.07 0.07 0.00 0.05 0.00 0.05 

Tristetum spicatum 
0.02 0.00 0.02 0.00 0.02 0.02 0.00 
0.07 0.00 0.07 0.00 0.05 0.05 0.00 

Unknown Forb 
0.00 0.00 0.00 0.02 0.02 0.00 0.00 
0.00 0.00 0.00 0.07 0.05 0.00 0.00 

Urtica dioica var. 0.00 0.00 0.16 0.02 0.00 0.02 0.12 
procera 0.00 0.00 0.20 0.07 0.00 0.05 0.15 

Vaccinium 24.09 18.13 1.33 0.73 2.93 22.38 7.90 
membranaceum 0.73 0.67 0.67 0.67 0.30 0.95 0.80 

Vaccinium 17.87 6.62 2.80 0.47 10.05 5.50 5.27 
scoparium 1.00 0.53 0.47 0.53 0.75 0.65 0.50 
Valeriana 0.07 0.11 0.02 0.00 0.15 0.00 0.00 

occidentalis 0.20 0.33 0.07 0.00 0.45 0.00 0.00 
Vigueria 0.00 0.00 0.04 0.02 0.03 0.00 0.02 

multiflorum 0.00 0.00 0.13 0.07 0.10 0.00 0.05 

Viola orbiculata 
0.42 0.20 0.09 0.11 0.37 0.03 0.22 
0.40 0.33 0.27 0.33 0.45 0.10 0.45 


