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This document is an open file report documenting long-term research and ecology workshops on post-

fire vegetation changes and related biology. The project was conducted by Trust for Habitat Conservation 

(Methow Field Institute, Twisp, WA) after the 1994 Thunder Mountain fire burned 8,000 acres in North-

Central Washington. Online at: 

www.okanogan1.com/ecology/thunder/Thunder-fire-project-report.pdf 

 

 
Thunder Fire stream survey workshops for volunteers, led by Charlie Dewberry (in the stream) and Mary 

Poss (bandana). 
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I. Background 

 In the summer of 1994, the Thunder 

Mountain fire burned ca 8,000 acres in the 

Chewuch River watershed of the Okanogan 

Range in north-central Washington. The fire 

burned primarily between 5,000 to 7,000 feet 

elevation in the Long Swamp Roadless area 

of the Okanogan National Forest. Following 

the fire, research studies were begun to study 

the area and the effects of fire and post-fire 

vegetation recovery. 

 

II. Project goals and objectives 

 This study of the Thunder Mountain 

fire was begun by Trust for Habitat 

Conservation (which later merged with 

Methow Field Institute). Project goals were to 

increase the understanding of how natural 

succession occurs in a landscape dominated 

by infrequent, stand-replacing fires.  

 An important secondary study 

incorporated in this research focused on 

comparing the relationship of upland to 

wetland areas during recovery after wildfire. 

 This research was initiated at Thunder 

Mountain because of its unique ecosystems, 

its importance to wildlife, its fragile nature, 

and our lack of understanding of the 

processes that drive the ecosystem. Timber 

management can pose risks to the soils, 

vegetation, or ecosystem functions. Tractor-

based salvage logging operations occurred 

over about 10% of the area. A third 

component of this study was to compare the 

recovery response after wildfire between 

logged and unlogged areas. 

 This area was a living laboratory that 

allowed us to expand earlier wildlife studies 

we had been performing in the area since the 

early 1990s. Our goal was to characterize the 

ecosystem well enough to develop a 

successional model of wildfire effects on 

plants, animals and native communities, 

ranging from microscopic size to landscape-

level. 

 

Goal 1: Outreach 

 An important goal of this research 

project was to increase public involvement in 

natural studies, and to communicate research 

work to the public. 

 Between 1994 and the end of 2002 

approximately 50 events, hikes, workshops 

and data analysis sessions have been 

completed in conjunction with the Thunder 

Mountain fire research project, involving 

approximately 100 people and approximately 

450 total days of time, primarily by 

volunteers. 

http://www.okanogan1.com/ecology/thunder/Thunder-Fire-Appendix-K-Photo-Series.pdf
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 Table 1 summarizes the number of 

days worked on the Thunder Mountain fire 

research project. A complete timeline is 

summarized in appendix H. 

 
Table 1. Dates and times spent by volunteers and workers studying the 1994 Thunder Mountain Fire. 

Date Work involved No. People No. of days Total 

people-days 

1994 Hike to Thunder burn with Artists in the Forest Gathering 7 1 7 

1994 Workshop in Thunder burn sponsored by Public Forestry 

Foundation, Inland Empire Public Lands Council and East Side 

Task Force 

15 2 30 

1995 Feb Wildlife winter tracking surveys sponsored by Trust for Habitat 

Conservation 

6 10 60 

1995 Apr Wildlife winter tracking surveys sponsored by Trust for Habitat 

Conservation 

2 5 10 

1995 June Survey of Dog Creek soil stability 1 2 2 

1995 June Survey for TES plants by Forest Service 1 1 1 

1995 July Survey for TES plants by Forest Service 2 4 8 

1995 July Workshop on wetlands and invasive species in Thunder Burn 

sponsored by Trust for Habitat Conservation 

10 2 20 

1995 July Amphibian breeding surveys in Thunder Burn sponsored by Trust 

for Habitat Conservation 

3 3 9 

1995 Sep Hike into Thunder burn  5 1 5 

1995 Dec Wildlife winter tracking surveys sponsored by Trust for Habitat 

Conservation 

2 5 10 

1996 Feb, 

Mar 

Wildlife winter tracking surveys sponsored by Trust for Habitat 

Conservation 

2 10 20 

1996 July Amphibian survey and TES plant survey sponsored by Trust for 

Habitat Conservation 

2 2 4 

1996 Aug, 

Sep 

Field work - vegetation transects 2 

1 

4 

1 

9 

1 

1996 Sep Timber harvest survey (Twenlosa TS) and wetland damage 

mapping with Army Corps of Engineers 

4 2 8 

1996 Sep 21-

22 

Workshop & hike #1 on Thunder Mountain Birding and Ecology 

sponsored by Trust for Habitat Conservation 

17 2 35 

1996 Sep 27-

29 

Workshop & hike #2 on Thunder Mountain Birding and Ecology 

sponsored by Trust for Habitat Conservation 

8 2.5 20 

1996 Sep Hike into Timber Creek to evaluate ecology 2 2 4 

1997 Jan Wildlife winter tracking survey with assistance from Okanogan 

National Forest 

2 1 2 

1997 June Planning visit to prepare for season’s workshops 2 1 2 

1997 June Ecology transect data entry 1 3 3 

1997 June Workshop #1 on Forest Microcosms and Forest Ecology sponsored 

by Trust for Habitat Conservation 

4 2.5 10 

1997 July Workshop #2 on Thunder Boreal Ecosystem sponsored by Trust for 

Habitat Conservation  

10 2 20 

1997 July Workshop #3 on Thunder Ecology sponsored by Trust for Habitat 

Conservation  

7 2 14 

1997 July Field work for Chewuch River RNA for Forest Service 1 2 2 

1997 Aug 

Sep 

Field sampling ecology transects 1 

1 

5 

2 

5 

2 

1997 Sep Annual Thunder Trundle 6 1.5 9 

1997 Oct Data entry of ecology transect information 1 2 2 

1997 Dec Analysis and status report of ecology transects 1 2 2 

1998 July Workshop #1 - Fire in the Boreal Ecosystem sponsored by Trust for 

Habitat Conservation  

10 2.5 25 

1998 July Workshop #2 - Fire ecology sponsored by Trust for Habitat 

Conservation  

6 1 6 
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1998 July Data entry of ecology transect information 1 2 2 

1998 Aug Loomis Forest wetland mapping by Pacific Biodiversity Institute 

and Northwest Ecosystem Alliance 

4 2 8 

1998 Aug Preparation for data analysis of ecology transects 1 2 2 

1998 Aug, 

Sep 

Field sampling ecology transect information 1 4 4 

1998 Sep Visit to area to review research status 2 1 2 

1998 Sep Annual Thunder Trundle 6 2.5 15 

1999 Mar Wildlife Winter Tracking Survey - Fifth Annual event sponsored by 

Trust for Habitat Conservation, with assistance from Washington 

Department of Fish and Wildlife and Okanogan National Forest 

2 7 14 

2000 June Hummock wetland workshop at Smarty Creek sponsored by Kettle 

Range Conservation Group and Pacific Biodiversity Institute 

6 2 12 

2000 Sep Data preparation for ecology transects 1 2 2 

2000 Sep Field work for ecology transects 1 3 3 

2000 Nov Report writing for ecology transects 1 1 1 

2001 Jan Finish data entry for ecology transects 1 3 3 

2001 Jan Proofread and correct databases of ecology transects 1 1 1 

2001 Jan Transfer databases of ecology transects to statistician for further 

analysis 

1 1 1 

2001  Analysis of ecology transect data  1 

5 

1 

5 

1 

5 

2002 Jan Analysis of ecology transect data  1 1 1 

2002 Sep Visit to thunder ecology transects with statistician 2 1 2 

2003 Feb Edit report 1 2 2 

2003 Mar Correct and standardize data (GW) 1 4 4 

2003 Mar Run analysis HSSN 1 2 2 

TOTAL    454 

 

Goal 2: Work in the field and hold field workshops  

 Much of the first two years of work 

was descriptive in nature. From 1994 to the 

present, many visits and a number of events 

and multidisciplinary workshops were held 

in the Thunder Mountain research area. A list 

of the dates and attendees is given in 

appendix H.  

 Research at Thunder Mountain 

included a review of the literature and other 

studies on related or nearby ecosystems. 

Other field studies reviewed in the 

preparation of this report included the 

following: 

 

 Wildlife winter tracking studies in the Methow and Chewuch Watersheds. These were 

begun by Eastside Task Force in the early 1990s. They were continued by Trust for 

Habitat Conservation and Methow Field Institute through 1999 in the Thunder 

Mountain burn area. 

 An amphibian breeding study in the Thunder Mountain burn area made by Trust for 

Habitat Conservation in 1995 and 1996. Potential wetlands were evaluated for breeding 

amphibians, by visual encounter and by setting larval traps. 

 A study of the plant ecology and impact of livestock grazing in Horseshoe Basin, about 

20 miles north of Thunder Mountain in a similar ecosystem, performed by the 

Washington Native Plant Society. 

 An establishment report for the Forest Service for the Tiffany Botanical area, lying about 

10 miles south of the Thunder Mountain burn area. 
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 An establishment report for the Forest Service for the Chewuch River Research Natural 

Area, which overlaps the Thunder Mountain burn area. 

 An establishment report for the Forest Service for the Roger Lake Research Natural 

Area, which lies about 10 miles south of the Thunder Mountain fire area. 

 Bird and wildlife surveys led by Trust for Habitat Conservation and Methow Field 

Institute through 1999. 

 A study of the effects of fire on soil nutrients in the Thunder Burn (Baird, 1998). 

 

Goal 3: Describe the study area in a descriptive report 

 During the summer of 1996, 

exploratory work was begun to describe the 

baseline conditions immediately following 

the Thunder fire. Exploratory work included 

making descriptive records of the existing 

and past conditions of the Thunder fire area, 

and developing a floristic inventory which 

identified included all vascular, rare, and 

introduced species within the fire, along with 

identifying the most common mosses, lichens 

and fungi.  

 

Goal 4: Conduct long-term ecological research to answer key questions 

 A number of workshops and 

brainstorming sessions were held to 

determine the most important research topics 

and methods. Initial direction was to do 

research at multiple temporal and spatial 

scales to better understand the interactions 

between different systems. A conceptual 

framework for modeling the ecosystem was 

developed as follows: 

 

 describe the current status and trends of ecosystem components, major forest diseases, 

and disturbances. 

 build a model of ecosystem function and forest succession that addresses wildfire. 

 identify major driving forces and potential stressors of ecosystem function: predators, 

parasites, mutualists, forest canopy cover, soil factors, climate and disturbances. 

 

 A list of target questions was 

formulated at the outset of this project. These 

questions are listed below, along with short 

answers. Questions that remain incomplete 

or unanswered are presented at the end of 

the list. 

 

Questions about species composition and diversity trends in severely burned upland sites: 

 Key question: How does biodiversity change after a fire? Answer: Vegetative trends for 

those species of severely burned upland areas are discussed. There is some interesting 

data, but more could be done, specifically comparing before and after changes in 

biodiversity in riparian areas that appeared to recover within a year, and in long-term 

response to logging. 

 What measures of biodiversity are useful for measuring changes after a fire? Answer: 

total species counts were determined; the use of halved species numbers was analyzed. 
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Initial experiments investigate summed patch density, species overlap, species survival, 

richness and evenness were analyzed and are presented here. 

 Does biodiversity increase or decrease following fire? Answer: Analysis was completed 

for several measures of diversity; species number, species richness and species overlap 

were analyzed. 

 Which species become dominant after fire? Answer: Completed; see results. 

 What is the progression of species after a fire? Answer: Several analyses are complete. 

Results include demographic changes of fireweed abundance (Chamerion angustifolium, 

aka Epilobium angustifolium or EPAN), to determine measures of dispersion, central 

tendency and evenness. Fireweed establishment appears to be bimodal. Approximately 

5% of slides and photos have been scanned as illustrations of vegetation progression (see 

Appendix).  

 Which invasive species are becoming established and how do invasive species enter a 

burned area? Answer: A species list and observations are described that could be 

followed up in later years. 

 What natural forest pathogens are important in this ecosystem? Answer: As many 

pathogen species were identified as possible by Art Partridge, who provided a mobile 

laboratory of disease organisms on several visits. 

 How do litter, ash, rock substrates and site characteristics affect species composition? 

Answer: An analysis was begun; habitat preferences were analyzed and discussed; 

further results are available that haven’t yet been added to this report. 

 What characteristics of fire affect vegetation? Answer: Vegetative trends are discussed. 

Some good fire severity data was collected and this could be analyzed with additional 

funding. 

 What characteristics of vegetation affect fire? Answer: analysis begun, data on 

ecosystems affected could contribute discussion points over the analysis area. 

 How fast do trees establish and grow following a wildfire? Answer: Data was collected, 

but seedling trees did not cover enough area to affect results using these study methods. 

Longer term studies are needed. Silvicultural and attrition information was collected but 

not analyzed. 

 What percent of new growth comes from seeds versus sprouting plants? Answer: 

Results of a brief field study are described. 

Questions still to be answered 

o How do riparian sites respond to wildfire? Answer: Potentially valuable information on 

the effect of fire in riparian areas was collected during this study, but only limited 

analyses were performed. 

o Does logging change the vegetative composition in the short or long term and does 

logging change the rate of vegetative recovery in the short or long term? Answer: 

Minimal surveys were conducted. A longer term follow-up study could answer 

questions about tree establishment. 
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o Was the Thunder Mountain fire a normal fire? Answer: This was not answered here. 

Detailed fire severity data on 3 vegetation layers was collected that could be further 

analyzed. 

o How do different species respond and affect changes in soil composition and soil 

stability? Answer: This was not studied. A Doctoral Thesis by Mary Ann Baird was 

completed on nitrogen cycling during this fire. 

o What is the role of natural forest pathogens in recycling? Answer: This was not studied 

in detail. 

o What is the role of wildlife in post-fire ecosystem function? Answer: Descriptive 

observations and bird surveys at established bird count stations were performed and 

mapped using GPS, however the data was not systematically analyzed. 

 

III. Study Methods 

This section describes the ecological methods that were used to answer the above questions that were 

posed at the outset of the Thunder Mountain Fire studies. 

 

Objective 1. Describe the study area, its ecology and the effects of the fire 

 Detailed descriptions of the area were 

taken from workshop notes and transect 

datasheets. An overall description of the 

ecosystem is given in the appendix, which 

was developed from a report to the Scientific 

Panel on Plants for the Interior Columbia 

Basin Ecosystem Management Project 

(Wooten, 1994). 

 

Objective 2. Document plant and animal species in the study area  

 A comprehensive list of all observed 

vascular plant species was developed (see 

appendix), along with additional information 

on their habit, habitat, and locations. 

Approximately 217 vascular plant species 

were observed within the fire perimeter. 

 The plant list was generated primarily 

from field identification and some plant 

collections. The plant list includes all vascular 

plant species observed within the fire 

perimeter. Additional information includes 

locations, habitat, habit, status and 

morphology for each species observed. 

 Other species were observed and 

recorded in notes including wildlife, rare 

plants, invasive species, mosses and 

liverworts and fungi. 

 

Objective 3. Sample and analyze post-fire vegetation response over time 

 Permanent plots and transects were 

established to perform sampling at the same 

locations over time (Figure 1). Transect 

locations were concentrated primarily in 

areas that burned the hottest. 

 The primary aim of establishing 

transects was to measure the change in 

abundance and dispersion of plant species 

and ground cover over time, however some 

additional attributes were measured in 

selected subsamples. Measurements of 

vegetation and ground cover abundance and 

structural arrangement is important because 

(1) vegetation represents a large and 
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prominent part of the biomass and total 

species inventory; (2) vegetation forms the 

structural basis for many of the other aspects 

of the biotic environment; and (3) vegetation 

forms the basis for the net primary 

production of raw materials such as 

carbohydrates which are crucial for other life 

forms. The structure and composition of the 

vegetation and ground cover gives meaning 

and context to companion studies on wildlife 

and other biota. 
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Figure 1. The location of transects and plots within the 1994 Thunder Mountain fire perimeter (roughly, 

the orange outline). Note: This image is from 2009, after the 2006 Tripod fire burned around the Thunder 

Fire, but generally not very much within the Thunder Mountain fire perimeter.  
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Sampling post-fire vegetation recovery using transects 

 Randomly oriented transects were 

chosen as the main method of sampling 

vegetation for a number of reasons, including 

their value as permanently marked stations, 

minimum observer bias, quantifiable 

abundance records, ability to sample at both 

individual and community scales, 

reproducible delineation of habitat 

boundaries within transects, and relative ease 

of performing the measurements. 

 During transect sampling, data was 

also collected on functional and structural 

processes that influence species abundance 

and their structural arrangement including 

wildfire intensity, canopy cover, soil wetness 

and measures of disturbance intensity and 

duration such as flooding, windthrow and 

logging.  

 The analytical component of this 

research involved making comparisons 

between the abundances and structural 

arrangement of species and ground cover in 

different plant communities over time, 

including that of control groups which did 

not burn. The data was then processed 

analytically to determine descriptors of the 

community type, species diversity, species 

abundance, number of plant canopies, and 

amount of the different ground cover types. 

The descriptors were then correlated with 

each other and with the measured soil 

characteristics, fire intensity, ground wetness, 

and amount of bare ground, litter, and logs.  

 Experimental transects were located 

with a stratified random procedure in order 

to sample three vegetation types: (1) upland 

areas which burned hot; (2) riparian areas 

which burned hot; and (3) logged areas. 

Control plots were established in comparable 

stands, along with habitats in habitats with 

intermediate character of burn intensity and 

soil moisture. 

 Transects were approximately located 

in the field by visiting different areas on the 

map of the burn perimeter and selecting 

areas of relatively even vegetative 

composition within the desired experimental 

categories (severely burned dry, severely 

burned riparian, logged, and unburned 

control), from which to establish fixed 

starting points for the transects. The overall 

distribution of the transects was designed to 

span a broad distribution of topographic 

variation and geographic range within the 

fire perimeter. The transects are widely 

distributed in different topographic settings 

over an area of approximately 1,554 ha (ca 6 

square miles). The end points of the transects 

were determined by randomly accepting 

whatever compass bearing resulted after 

turning around three times with eyes closed 

at the transect origin. Each transect or 

quadrat was permanently marked by stakes 

every 100 ft (30.48 m) and by marking trees 

adjacent to the start and end of transects with 

orange paint, reflectors and flagging.  

 Transect points were mapped on 

USGS 7.5 minute quads and transferred to a 

digital geographic information system (GIS). 

Photographs were taken at representative 

locations along the transects. The locations of 

the photographs are given in appendix G, 

along with the azimuth, focal length and 

focal point. A time series of photographs was 

arranged in a photo album for comparison 

between years.  

 The transects were comprised of 

sample points located at 1-foot (30.48 cm) 

intervals along a measuring tape fastened to 

a post at the beginning and end of each 

segment. The desired degree of accuracy 

along the transects was <6” (15.24 cm). 

Transects that were longer than 100 ft were 

divided into 100-ft long segments for 
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convenience. Bearings were taken along each 

transect and at each point where a transect 

necessarily varied due to terrain difficulty. 

During sampling, the tape origin was moved 

to each 100 foot multiple for each segment 

sampled. Transect sample points were coded 

by three digit numbers, and recorded with 

explicit leading zeros, e.g., “070”. Sample 

points were numbered from 000 or 001 

incrementally up to the end point of the 

transect.  

 Sample observations were taken at 

each 1-ft mark along the tape and recorded as 

the type or species of ground cover present 

on a perpendicular line above each point. 

When multiple strata of species overlapped a 

sample point they were recorded in separate 

data fields, with the topmost species listed 

first. Each sample observation also had an 

attribute field to record specific features of 

the observed ground cover, which included 

the length of logs, the height of shrubs 

(optional), and a marker to indicate the 

beginning and end of items which spanned 

more than one sample point, to aid in the 

calculation of average size of individual 

observations. 

 The values for each data item were 

recorded under one of five possible 

understory layers of vegetation and two 

possible overstory layers. Each item recorded 

is referred to as a sample unit, (SU, Ludwig 

and Reynolds, 1982). It is incorrect to call the 

sampling units samples since a sample 

consists of a collection of sampling units 

(Pielou, 1974 in Ludwig and Reynolds, 1982). 

Therefore we refer to each layer of data 

recorded above a transect point as an SU and 

the location of the observation as a “sample 

point”. The actual data recorded for SU is 

referred to as “sample unit data”, abbreviated 

as SUD. Each delineated habitat or plant 

community along a transect is referred to as 

as a habitat, and each site where fixed 

transects are located is referred to as a plot. 

 Two transects varied the normal 

sampling procedure. Transect 2 used a 

different spacing between points. Transect 32 

only sampled overstory trees in 1997 (they 

were approximately the same cover and 

composition in 1998). The sample points for 

transect TH-2 were established in a different 

manner than the other transects, because the 

terrain went through a 0.5 mile long slash-

covered cutting unit which would have been 

impractical for transect establishment and 

sampling. Transect TH-2 sample points were 

located at with variable spacing intervals 

along slightly different transect routes each 

year, which helped avoid trampling effects. 

The transect azimuth of TH-2 was established 

in a stratified-random manner, and sample 

points were recorded by stepping off four 

paces and noting the ground type directly 

beside the toe of the final step.  

 Transects 1-26 were established in 

1996; transects 30-36 were added in 1997, 

along with a new segment added to transect 

3. A list of all transects, along with the 

number of segments, the total sample points, 

and any associated quadrats, is given in 

appendix E. A map of the transects overlaid 

onto an aerial photo is illustrated Figure 1. 

 There were 3,979 sample points 

established along field transects between 

1996 and 2000. After deleting 14 poorly 

located sample points from transect TH-2 

(HAB = 4), this allowed recording 16,322 

observations for all sampling years in the 

database TH9TRAN5. 

 After recording field data, records 

were transcribed into twelve relational 

database tables. Field definitions and 

metadata for the tables is given in the 

appendices. Following data entry and 

correction, the raw data was transformed into 
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tables for analysis. Analyses were performed 

on the databases and on spreadsheets 

selected from the database tables using a 

number of statistical procedures and different 

software modules.  

Notes on sampling methods—problems encountered and solutions 

 In order to obtain accurate measures 

of plants with low abundance, high number 

of sample points were established along the 

line-point transects. Initially, during 1996 and 

1997, the numbers of plants along many of 

the transects was very low, sometimes <1%. It 

was felt that the details of these early 

responses was important to capture for 

species like lodgepole pine which can 

ultimately dominate a stand. This sampling 

problem was partly overcome in several 

ways: (1) by using large numbers of samples; 

(2) by using a multiplier factor on some 

transects to increase the size of the sample 

window, and (3) by establishing 1-m 

quadrats alongside the transects within some 

areas.  

 Several sampling schemes were 

developed as a trade-off between the need for 

data quantity and effectiveness in the use of 

field time. For instance, areas with high 

species diversity, such as wetlands, required 

more time to record up to five layers of 

overlapping species. This contrasts with most 

of the dry, severely burned areas that 

required long transects that gathered large 

numbers of sample points in order to sample 

the sparsely vegetated single layer of plants. 

 The most frequent method of 

sampling vascular plant abundance was to 

count every species that intersected a 

perpendicular line through the transect 

sample points, counting from the top down 

whenever there were overlapping layers of 

species. This method was referred to as 

“multiple-layer” or “ML” sampling, and the 

samples referred to as ML data sets. This 

method gives the most accurate measure of 

abundance (percent cover) if there enough 

points sampled, but it is also more time-

consuming since it involves tracking many 

null observations in each of the empty layers.  

 A rapid method of sampling vascular 

plant abundance was developed primarily 

for open areas with less than 10% vegetation 

cover, in which the frequency of observation 

approaches a Poisson distribution and there 

are only a few occurrences of overlapping 

plant species. For some of these samples, only 

the topmost vascular plant layer was 

sampled (“top-sampling”) and the sets of 

samples were referred to as top-layer-

sampled (“TL”) data sets. This method 

reduced processing time with only a small 

amount of introduced error. 

 Generally, the same method was used 

to sample a transect for its entire length, even 

when it spanned habitats with both high and 

low numbers of canopies. During the second 

year of sampling, in 1997, the TL method was 

used extensively to reduce field and 

computational sampling time. After 1997, the 

primary sampling scheme changed to the ML 

method due to improved design of entry 

forms and data input scripting software, as 

well as recording the sampling rules used for 

each transect. 

 Since ML data sets contained the same 

data for the topmost canopy layer as the TL 

data sets, it was possible to analyze ML data 

set observations either way, using all layers 

or only using the topmost layer of data. This 

allowed calculating the degree of likely error 

in the TL data sets, and also allowed 

combining the 2 data sets where the error 
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was small, to obtain larger numbers of sample points.  

 

Creation of a database to record vegetation recovery along transects 

 We recorded 16,322 observations in 

3,965 sample points in 25 transects, covering 

ca 81 different habitats. For this study, 

habitats were defined as a combination of 

plant association and burn intensity. Habitat 

boundaries were delineated between areas 

defined by the combined influence of 

dominant species, soil moisture, canopy 

cover, and plant association, and further 

subdivided into a range of different burn 

intensities. 

 The raw data was standardized to 

simplify analysis. Summary statistics were 

determined for the standard data set 

(STRAN7B.DB, STRAN8.DB). This data set 

was reduced in complexity by eliminating 

729 observations of overstory trees and by 

elimination of all sample points in transect 2, 

yielding a data set of 14,779 observations. The 

records in TH-2 were deleted because they 

were sampled with a variable sampling 

method which resulted in unequal numbers 

of samples each year. 

 The sample sets included a set of 

1,207 observations in unburned (control) 

habitats, and 1,407 observations in logged 

areas, exclusive of transect 2. The control 

sample points included the only transect 

sampled in 2002, transect 26, which was 

sampled as a time-series control on the 

controls. 

 Not all transects were sampled each 

year. In 2002, a followup visit was made to 

the area to sample transect 26, which was the 

only transect sampled that year. The total 

number of sample points used in analysis of 

vegetation contained in data set 

STRAN7B.DB is shown in Table 2, less those 

sample points from transect 2 that used a 

variable sampling scheme, and less the 

sampled overstory tree observations. Table 3 

lists the number of points in each of the 25 

transects and associated quadrats established 

during this study. 

 
Table 2. Number of sample points observed during each year of sampling the 1994 Thunder Mountain 

fire. 
Year No. standardized sample points 

1996 2,506 

1997 3,435 

1998 3,344 

2000 2,751 

2002 99 

 
Table 3. The number of sample points within each of 25 transects observed during the Thunder Mountain 

fire vegetation recovery study. Sample points are subdivided into 100-ft segments along each transect. 
Transect No. Segments and Sample points (pts) 

TH-1 1-100, 101-200, 201-300 = 300 pts 

TH-2* 53 pts up to ca. 60 pts (HAB 1, logged upland) 

6 pts up to ca. 10 pts (HAB 2, logged moist draw) 

12 pts up to ca. 14 pts (HAB 1b, logged upland) 

30 pts up to ca. 50 pts (HAB 3, unlogged reserve) 

45 pts up to ca. 65 pts (HAB 1c, logged upland) 

24 pts up to ca. 34 pts (HAB 1d, logged upland) 

= 170 pts up to ca. 233 points over a 0.5 mi transect 
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TH-3 1-100 = 100 pts 

TH-4 1-100 = 100 pts 

TH-5 1-100, 101-194, 201-300, 310-400, 401-500= 494 pts 

TH-6 1-100 = 100 pts 

TH-7 1-100 = 100 pts 

TH-8 1-100, 101-200 = 200 pts 

TH-9 1-100, 101-200, 201-300 = 300 pts 

TH-10 1-100, 101-150, 201-250 = 200 pts 

TH-11 1-100, 101-200 = 200 pts 

TH-20 1-50 = 50 pts + 2 1-m quadrats: quadrat-10.0 and quadrat-40.0 

TH-21 1-100,  101-138 = 138 pts 

TH-22 1-94 = 94 pts + 2 1-m quadrats: quadrat-15.0 and quadrat-85.0, changed in 1997 to 

quadrat-15.2 and quadrat-84.2 

TH-23 1-75 = 75 pts + 1 1-m quadrat: quadrat-15.0 

TH-24 1-97 = 97 pts 

TH-25 1-100 = 100 pts 

TH-26 1-100, 101-200 = 200 pts 

TH-30 1-100, 101-150 = 150 pts 

TH-31 1-100 = 100 pts + 2 1-m quadrats 

TH-32 1-100 = 100 pts (overstory trees were only sampled in 1997) 

TH-33 1-89 = 89 pts 

TH-34 1-76 = 76 pts 

TH-35 1-99 = 99 pts 

TH-36 1-100, 101-190 = 190 pts 

* Transect TH-2 sample points were located at different spacing intervals along different transect routes each year. For 

comparative analysis of aggregated habitat categories, it was necessary to normalize the numbers of sample points in each 

habitat category (HAB) for each year. This was done by reducing the number of sample points in TH-2 to be equal for 

each year of observation. The two numbers listed for TH-2 represent respectively, the low, normalized number within 

each HAB category, and a higher figure, which is the actual number of sampled points on that transect segment for each 

year. 

 

Experimental variables for fire intensity, soil moisture and logging 

 The sample points were grouped into 

80 categories contained in field HAB, after 

elimination of the HAB4 segment of TH2 

containing variably located sample points. 

The 80 habitat categories were further 

aggregated into 20 habitat groups having the 

same combinations of fire intensity and soil 

moisture, and 4 groups that had been logged. 

These 24 categories were used as the 

dependent variables for a number of 

analyses. The number of sample points in 

each of these 24 groups is listed in Table 4. 

 
Table 4. The number of sample points available in each of the 24 dependent variables (no. unlogged 

samples / no. logged samples). Columns F00, F10, F15, F20, F25, F30 represent the categories of fire 

severity (variable FIRE=F00, F10, F15, F20, F25, F30). Rows M0, M1, M2, M3 and M4 represent the 

categories of soil moisture (variable DRY=M0, MOIST-DRY=M1, MOIST=M2, MOIST+WET=M3, 

WET=M4). See appendix for detailed definitions of these categories). These 24 categories were labeled in 

field HABSEL for use as a selection variable. 
Moisture F00 F10 F15 F20 F25 F30 

M0 182/ 278/190 37/ 759/239 65/ 1041/115 

M1 10/   29/  87/ 

M2  /10 84/ 14/10 112/ 51/ 

M3 140/   77/  158/ 

M4  37/  157/  54/ 
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Establish quadrat plots to track post-fire vegetation recovery  

 Some transects had 1-meter fixed 

quadrats established beside them. The 

quadrats (“Qplots”) were established for 

several reasons, including: (1) to obtain a 

higher sampling rate for depauperate stands; 

(2) to gather more detailed information about 

the vegetation composition; (3) to measure of 

the size of some of the plants; and (4) to 

provide an independent comparison of the 

transect sampling methodology.  

 Plants in the quadrats were sampled 

by summing their total cover and also by 

counting the frequency of stems for clump-

forming plants.  

 Transects which had quadrat plots 

were TH20, TH22, TH23, and TH31. A list of 

all transects, along with the number of 

sample points and habitats along them, is 

given in appendix E.  

 

Statistical analysis methods 

 The r statistical analysis package was 

used for statistical analysis. Scripts were used 

to load the data, select records and perform 

analyses. 

 The analysis of species richness in 

dry, severely burned areas, was determined 

by selecting all species, inorganic and organic 

quantities in SUL from the set Dryhot8, for 

the ML sample set,  excluding logged 

samples, and only including samples in 

which cryptogam counts were required. The 

plot data was generated with script thspp-

pres-richness.r and plotted to files 

spprun00all.png and spprun6all.png. 

 Details of the r script to analyse 

species richness are as follows. Selection 

rules: The selection criteria was coded in 

TYP2 with value 3, to allow exclusion of 

records containing SUL values for non-

specific vascular plant genera and “UNK”. 

Non-specific cryptogams and fungi were 

coded as TYP2=2 (ANTEN, CALAM, CAREX, 

EPILO, HIERA, POA, SALIX, STELL, UNK, 

VIOLA). There were only 2 instances of 

fungi, both the same species, POLYT was all 

the same species (probably Polytrichum 

juniperinum), and SPHAG only occurred in 

wet plots. In wetland plots some species of 

CAREX are unavoidably excluded this way, 

but most of these observations were simply 

known species that couldn’t be identified in 

the field. One example of a plant was found 

that was keyed both as a species and as a 

variety of that species was left coded as 

TYP2=1 (PODI, PODIP). Note that these non-

specific records were not deleted from the 

data set, but only set it to NA for this run. 

Other variables used include: 

 BINSIZE=10 ; default bin size (ft) used in sppatch and other modules 

 SELBYMEAN=0 ; set to zero to select all, 1 to select > 0% and < 10% 

 ELIMLOG=0 ; set to 1 to elim logged plots, 1 for all plots 

 DIFEXP=0 ; set to 1 for fuzzy minus yr time series differences; 0 is yr-yr 

 SELYR=9800 ; time series 1st-2nd year of difference calcs: 9697, 9798, 9800 

 SEL4V=4 ; options 4=ML samples only; 0=all; 1=top sample on ALL ML+TL 

 CRYPT=0 ; set to 1 to select samples that required cryptogam counts 

 SELTYP2="ALIVE" ; SET TO ALIVE TO EXCLUDE 0 VALUES (NON-LIVING) 
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 The r program scripts were easily 

changed in a text editor to vary the method 

and allow change selection conditions. For 

example, a second species richness curve was 

determined for the year 2000 only using the 

following variables: 

 SP1="" ; "VEG"=all vascular species renamed "VEG"; EPAN = E.G. named sp.; "" = ALL 

 BINSIZE=10 ; default bin size (ft) used in sppatch and other modules 

 SELBYMEAN=0 ; set to zero to select all, 1 to select > 0% and < 10% 

 ELIMLOG=0 ; set to 1 to elim logged plots, 1 for all plots 

 DIFEXP=0 ; set to 1 for fuzzy minus yr time series differences; 0 is yr-yr 

 SELYR=9800 ; time series 1st-2nd year of difference calcs: 9697, 9798, 9800 

 SEL4V=4 ; options 4=ML samples only; 0=all; 1=top sample on ALL ML+TL 

 CRYPT=0 ; set to 1 to select samples that required cryptogam counts 

 SELTYP2="LIVE" ; SET TO LIVE TO null out SUL VALUES of 0 or 3 (NON-LIVING) 

 

Objective 4. Record a photographic time series 

 In order to graphically illustrate the 

progress of vegetation recovery, a series of 

photographs was taken at the same point 

along the transects over a five year period. 

These are shown in Appendix K. 

 

III. Study Results 

 This section of the document 

describes the answers to the questions that 

were posed at the outset of the study. The 

large size of the data set and relative long 

time frame allowed over twenty detailed 

experiments to be conducted. Additional 

analyses continue to be processed as time 

permits. 

 

1.  Background ecology of the Thunder Mountain landscape 

 This study of the Thunder Mountain 

fire by Methow Field Institute was 

undertaken to increase our understanding of 

how natural succession occurs in a landscape 

dominated by infrequent, stand-replacing 

fires. During the study, 454 days were spent 

by volunteers and staff studying the area for 

the nine years spanning 1994 – 2002). In 

addition to compiling notes and observations 

of the area ecology, we established vegetation 

sampling plots that recorded 16,322 

observations in 3,965 sample points in 25 

transects, covering ca 81 different habitats, 

that were aggregated into 24 experimental 

variables.  

 The landscape of the Thunder 

Mountain fire is dominated by features 

created by the Pleistocene ice sheet. Slopes 

are gentle and soils are sandy and deep, 

except in outwash boulder fields and rocky 

scoured areas. This combination of 

topography promotes the growth of cold-wet 

species in the valleys and cold-dry species on 

the slopes. The major vegetation component 

is interior, high-elevation forest. The upland 

vegetation is mostly in the spruce-fir plant 

association. This association is dominated by 

infrequent high-severity fires  that create 

large mosaics of young lodgepole pine 

approximately every 100 years.  
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 The Thunder Mountain landscape has 

many features related to the effects of 

glaciation by the Pleistocene ice sheet. Valleys 

are mantled with glacial drift which stores 

enough ground water to support spruce 

wetlands and willow-sedge fens. The area 

spills over into the steep gorge of the 

Chewuch River Valley, which is a major 

tributary of the Methow River Basin.  

 This area is characterized by fragile, 

immature granitic soils. At the summit 

elevations on the Okanogan Range, slopes are 

rolling and stable to erosion, but steep slopes 

on the east and west sides of the range have 

experienced widespread failures along the 

Chewuch, Sinlahekin and Similkameen 

Rivers. Outside of wetlands, sandy soil 

textures are poorly aggregated, and water 

tables respond quickly to precipitation. The 

sandy glacial soils and short growing season 

have limited A-horizon soil development in 

some dry areas to less than a centimeter.  

 The dry interior climate has a broad 

range of temperature and moisture extremes, 

which are habitats for northern species such 

as the northern bog lemming and moose. The 

area contains several disjunct plant species 

with northerly or Rocky Mountain affinities. 

This pattern of disjunction resembles an 

inverted horseshoe, with the two tips 

extending down the Rockies and the 

Cascades from Southern British Columbia. 

The pattern is presumably due to north-south 

vegetation migrations during glacial 

advances and recessions. The arid Columbia 

Basin shrub-steppe  separates the arms of the 

horseshoe, and limiting east-west movements 

by its hot, dry climate, which is unable to 

support subalpine species.  

 In addition to its importance as a 

refugium for dwindling boreal species, the 

Okanogan Range is an important migration 

corridor for diverse plants and animals along 

its flanks for about 75 miles from its highest 

peaks along the Canadian border to its 

terminus on the Columbia River at Pateros. 

The flora and the abundance of certain 

species contrasts with that of the nearby 

North Cascades, which intercepts more 

rainfall and is more rugged and alpine in 

character.  

 

2.  Dominant plant communities within the Thunder Fire perimeter 

 A description of the area ecology is 

given in the appendix, which was developed 

from a report to the Scientific Panel on Plants 

for the Interior Columbia Basin Ecosystem 

Management Project (Wooten, 1994). 

 Forested plant communities are 

typically closed-canopy lodgepole stands in 

the subalpine fir / grouseberry plant 

association, typically with a sparse 

understory of Scouler willow (Salix 

scouleriana) and subalpine fir (Abies 

lasiocarpa). Sites may have some large 

diameter Douglas fir (Pseudotsuga menziesii) 

or Englemann spruce (Picea engelmanii) 

present. Large Douglas fir are found 

scattered throughout the area, whereas 

Engelmann spruce is dominant in all riparian 

areas and around the perimeters of wetlands. 

On north slopes, the subalpine fir / Cascade 

azalea association can be found, but it is not 

as diverse as the same association found in 

the North Cascades. In moist bottomlands, 

plant associations include Engelmann spruce 

/ horsetail and Engelmann spruce / false 

Labrador tea, both with a diverse understory 

flora. Some smaller areas are dominated by 

aspen or Scouler's willow, but these areas are 

not very extensive. 

 Non-forested communities are poorly 

understood and not well represented in the 
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literature. A major gradient in many studies 

is soil moisture, allowing communities to be 

divided into wet meadows or dry meadows. 

The wet meadows are commonly 

willow/sedge communities dominated by 

plane-leaved willow (Salix planifolia) and Farr 

willow (S. farriae). Dry meadows are often 

dominated by mountain sagebrush (Artemisia 

tridentata ssp. vaseyana), sedge-grasslands, or 

grasslands. 

 Most plant communities are affected 

by soils, which tend to have deep glacial 

colluvium in valley bottoms and shallow, 

bouldery soils on ridges. The rounded 

topography makes vegetation transitions 

rather even. Seral lodgepole stands date 

primarily from a series of fires between 1928 

and the early 1930s, however many of the 

large diameter Engelmann spruce survived, 

particularly in wetlands. 

 

3. Rare plants in the study area 

 Descriptions of sensitive plants found 

in the Thunder Mountain burn are detailed in 

appendix C. A plant survey performed for 

the Forest Service is also included in the 

appendix. The Forest Service survey focused 

on identifying locations for rare species and 

included measurements of leader growth on 

some plants. 

 Notable rare plant sightings are 

discussed below. The following rare plants 

were located in the Thunder fire perimeter, 

noted along with their status according to the 

Washington Natural Heritage Program 

(WNHP) and the Forest Service (designated 

with R-6, for Region 6). 

 Agoseris lackschewitzii, the “pink 

agoseris”. No status in Washington. This 

plant remains unconfirmed in Washington. 

Numerous sightings of what appear to be this 

plant occur in the Meadows area, from 

Beaver Meadows to the Canadian border. 

The species was only recently monographed 

(Henderson and others 1990). It is 

intermediate between Agoseris elata and 

Agoseris aurantiaca. However, initial reports 

are that these occurrences of the “pink 

agoseris” plants do not match those of 

Henderson et. al., leaving the identity of 

these plants to fall to one of the parents, and 

in support of the intermediate nature of this 

plant. A plant with flowers of both colors 

coming from a single root was purportedly 

collected by plant surveyors for the Forest 

Service. In investigations of the distinctness 

of the pink agoseris, it might be noted that 

even though all three species occur together 

here, the pink agoseris prefers muddy trails, 

is weedier overall, has earlier blooms and 

smaller, possibly sterile seeds. These 

observations would be consistent with its 

identity as a hybrid. 

 Botrychium lunaria, moonwort 

(Sensitive in Washington). Five plants were 

found in the saddle of Thirtymile and 

Twentymile Creeks. It was growing in the 

only grass dominated site in that area on a 

small island in the middle of the fen/bog in 

the saddle. This site is typical in that 

Botrychium species often occur at the edges of 

wetlands, where some seasonal drying can 

occur. This habitat occurs in Thirtymile 

Meadows, and more plants undoubtedly 

exist there. Plants often occur with 

strawberry, (Fragaria sp.), cinquefoils 

(Potentilla sp.), and other Botrychium species. 

 Botrychium minganense, Victorin's 

moonwort (Sensitive in the Pacific Northwest 

(PNW) Region National Forest). One plant 

was found in a large dry meadow, 1 mi. ENE 

of Thirtymile Meadows, apparently in 

association with mountain sagebrush, 

Artemisia tridentata var. vaseyana. This same 
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association was found nearby for another 

single plant of Botrychium minganense 

associated with mountain sagebrush nearby 

on land managed by the Department of 

Natural Resources, in nearly identical 

habitats. This plant was growing 2" from the 

base of a live sagebrush, indicating it be 

mycorrhizally connected to the sagebrush, 

which is known to form such associations. 

The fire in the big meadow burned 

approximately one half of the sagebrush 

plants, leaving this one intact, however the 

effect from natural or controlled fire, whether 

beneficial or not, is unknown.  The mountain 

sagebrush community is also threatened by 

invasion by introduced species such as 

bluegrass. 

 Botrychium pinnatum, pinnate 

moonwort (Sensitive in the PNW Region 

National Forest). Five plants were found with 

Botrychium lunaria, above. See the discussion 

under Botrychium lunaria. 

 Carex norvegica, Scandinavian sedge 

(Sensitive in the PNW Region National 

Forest). This plant occurs in a dozen or so 

localities in upper Thirtymile Creek. It prefers 

edges of bog/fen habitats where it is 

associated with with the sedge, Carex 

disperma, and mosses, and where the sedge, 

Carex scopulorum var. prionophylla, and other 

agressive competitors are less dominant. 

Little is known about its biology here, but it 

does not occur south of Idaho. Suspected 

reasons for its rarity are habitat loss. It is 

currently undergoing development of a 

Conservation Strategy. 

 Carex scopulorum var. prionophylla 

(Sensitive in the PNW Region National 

Forest). This plant occurs throughout the 

area, wherever wet. It is an ecosystem 

dominant in wetlands, and indicates forested 

fens. This plant is more common than 

previously thought. 

 Carex vallicola (Sensitive in the PNW 

Region National Forest). One site with half a 

dozen plants of this species was found at the 

western outlet of Thirtymile Meadows on a 

dry, grassy slope. It is only recently known 

from this county. 

 Dodecatheon pulchellum var. 

watsonii. (Washington Natural Heritage 

Program (WNHP) Monitor species). Known 

from Thirtymile Meadows and Dog Creek 

Meadows. This plant appears to be 

completely intergradient with D. pulchellum 

var. pulchellum, and many botanists no longer 

recognize it as distinct, leading to its recent 

delisting by the WNHP. 

 Geum triflorum var. campanulatum 

(No status in Washington). Subalpine 

populations of Geum triflorum are partly 

cleistogamous (selfers) and this condition has 

been classified as an Olympic Mountain 

ecotype (plants of the same genome with 

different habits in differing environments--

they are not technically varieties). No 

systematic study has been to demonstrate 

whether or not the plant should be regarded 

as an ecotype or a variety, and whether our 

plants are the same as those in the Olympics. 

 Penstemon washingtonensis 

(Sensitive in the PNW Region National 

Forest). This plant is a narrow endemic, 

however it is common in in the two localities 

where it is known from, the Chelan-Sawtooth 

Range, and here in the Okanogan Range, 

where it ranges from Thirtymile Peak, to 

Rock Mountain, north to Thunder Mountain. 

Although the plant is apparently very similar 

to Penstemon procerus, no apparent hybrids 

are known. An unexpected population of 

freely intergradient hybrids Penstemon 

washingtonensis and Penstemon confertus 

occurs in Twentymile Creek, with pink to 

lavendar flower color, and scant glandular 



1994 Thunder Mountain Fire Vegetation Recovery 

Page  21 

pubescence, reflecting genetic contributions 

from both parents. 

 Potentilla diversifolia var. 

perdissecta (Sensitive in the PNW Region 

National Forest). Found in wet habitats, this 

variety of Potentilla diversifolia can be a local 

dominant. Its identification is complicated by 

the presence of the similar Potentilla 

drummondii, and a recognized tendency for 

aquatic plants to exhibit elongate leaf lobes, 

which might result in this being an invalid 

species. Relatively distinct populations occur 

at the bend in the upper headwaters of 

Twentymile Creek, and in the small bog 1.5 

miles ENE of Thirtymile Meadows in a small 

unburned tributary. Populations have not 

been mapped or recorded with Washington 

Natural Heritage Program due to the 

difficulties in distinguishing intergradient 

forms between this plant and with Potentilla 

diversifolia var. diversifolia. 

 Salix tweedyi, Tweedy's willow 

(Sensitive in the PNW Region National 

Forest). One male plant of Salix tweedyi was 

found on the Thirtymile side of the saddle 

between Twentymile Creek. Repeated 

searches found no more plants. Tweedy's 

willow prefers aerated, rapidly moving 

water, with open canopies, at elevations 

above 6000 ft., although it will tolerate 

slower-moving water or denser or more open 

habitats, or lower elevations. The 

characteristics of its preferred habitats are 

limited and declining in Thirtymile drainage, 

and its continued presence here is tenuous. It 

is an indicator for chemical water quality and 

stream gradient and changes in these two 

environments would be detrimental to it. 

 Saxifraga apetala (WNHP Monitor 

species). Forms of this species, which is a 

segregate from the Saxifraga integrifolia 

complex, apparently occur in this area, 

however more taxonomic studies are needed 

to confirm its validity and range of variation. 

4. Invasive species in the study area 

 The number of introduced species in 

Thunder Mountain burn was developed from 

the list vascular plant species in appendix B, 

along with the ecology transects. A total of 15 

introduced species, including two noxious 

weeds, were found within the Thunder fire 

perimeter. Introduced plant species in the 

Thunder fire are not abundant overall, but 

some, such as the thistles, are widely 

distributed and expanding. Almost all of the 

invasive species found on our surveys had to 

have arrived via wind transport. New 

invasions are limited to burned areas where 

the soil is disturbed. This indicates that seed 

transport requires both a long-distance vector 

(in this case the wind) as well as a suitable 

site for germination. Unburned areas had no 

increase in invasive species, despite their 

equal exposure to seed rain via the wind 

currents. 

 An exception to wind transported 

seeds was common cheatgrass, Bromus 

tectorum, which apparently came in on 

logging machinery. Alien species that have 

established a new foothold in this area 

following this fire include woodland ragwort, 

Senecio sylvaticus, bull thistle, Cirsium vulgare, 

cheat grass, Bromus tectorum, common filago, 

Filago arvensis, and small geranium, Geranium 

pusillus. 
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5. Non-vascular plants and fungi in the study area 

 During 1995, the first year after the 

fire, the only vegetation recovery of 

significant extent in the severely burned dry 

areas were morel mushrooms. The 

commonest species was Morchella elata, the 

black morel, which could have dozens of 

individuals per sq m. A few individuals of 

Morchella esculenta, the yellow morel, were 

found in wetter areas. 

 Fungi observed on 6/17/97: The most 

common fungus observed during 1996-2000 

was identified as Cortinarius (Dermocybe) 

uliginosus Berkeley or C. cinnamomaobadius 

Henry. It ranges from 1 to 5% cover growing 

in clumps near tree bases or buried wood. 

The second most common fungus was 

identified as Psathyrella hydrophila (Fries) A.H. 

Smith and was about one-fifth as common as 

the other common fungus. Wood decay fungi 

identified by Art Partridge on 6/28/97, 7/24/97 

include: Polyporus abietinus (?); Fomes pini; 

Polyporus alboluteus; Polyporus tomentosus; 

Polyporus subacida; Polyporus atropurpurea. 

Mosses keyed out from severely burned 

surfaces include: Ceratodon purpureus; Bryum 

caespiticium; Polytrichum commune.Liverworts 

were observed in most of the wetlands and 

along streams. Only one liverwort was 

identified to species; this was Marchantia 

polymorpha. It was the most significant species 

in dry, severely burned forests during the 

first sampling year, 1996. 

 

6. Wildlife in the study area 

 This study area is home to a relatively 

healthy population of Canada lynx, Lynx 

canadensis. During the study, winter tracking 

surveys identified lynx tracks using the area. 

The primary prey species of Canada lynx is 

the snowshoe hare, which uses young 

regenerating lodgepole for a significant 

portion of its diet. Other dietary requirements 

are less well understood, however other 

requirements for lynx habitat suitability are 

both old forests with heavy loads of downed 

logs for denning, and open ridge lines and 

forests for travel.  

 Fire has the potential to reduce 

lodgepole pine forage for hare in the short 

term, but lodgepole pine between 10 and 30 

years old is considered prime forage and 

cover for hare. 

 During winter wildlife tracking 

surveys, weasels were the most frequently 

observed tracks in severely burned areas, 

where they appear to benefit from rodent 

prey in the abundant dead wood. 

 Marten activity was more 

concentrated toward riparian draws with 

larger wood, both standing and down. 

Surveyor Mary Poss was surprised to find 

tracks of a marten during her February 1998 

surveys. Fisher walk more than marten, and 

readily switch between walking and 

bounding. She observed that they tend to 

double back on their tracks more than 

marten. The individual was able to travel 

under the snow for 50 feet and was tracked 

through an entire basin this way. 

 During winter surveys, three-toed 

woodpeckers were the most abundant of the 

birds. Other birds included hairy 

woodpeckers, black-backed woodpeckers, 

Clark’s nutcrackers, gray jays, mountain 

chickadees and daily flights of white-winged 

crossbills (only on two occasions). Raptors 

included great horned owls and Cooper’s 

hawks. Grouse included spruce grouse and 

blue grouse. 
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 Several large wetlands were impacted 

by the fire, in some cases by fire suppression 

efforts. The resiliency of these areas is 

remarkable and most were very lush in the 

spring of 1995. They also provided suitable 

breeding habitat for amphibians. Amphibian 

surveys had not been done prior to the fire, 

however, following the fire four breeding 

sites were found for spotted frog, Rana 

pretiosa, and western toad, Bufo boreas.  

 Some of the observations provided 

behavioral information. For instance, wildlife 

surveys, noted that lynx walk in straight lines 

through lodgepole pine, but take circular 

paths when hunting in spruce wetlands, 

where the frequent snow-wells at the base of 

trees. The same lynx tended to follow the 

same hunting trails from year to year. 

 

7. Species numbers 

How many plant species were observed within the transects and within the study area? 

 There were 217 vascular plant species 

observed throughout the Thunder Mountain 

fire perimeter (Appendix B). There were 117 

species of plants and fungi observed in the 

Thunder transects (Table 5). This included 

110 species of vascular plants of which 101 

were identified to the species level, nine to 

the generic level and one to the varietal level 

(Potentilla diversifolia had two varieties). These 

110 species represent 51% of the total of 

217vascular plant species observed within the 

fire perimeter.  

 
Table 5. A list of 117 plants and fungi observed along the Thunder Mountain fire transects. Data is from 

the ana3 analysis dataset. 
CODE Species 

ABLA Abies lasiocarpa 

ACCO Aconitum columbianum 

ACMI Achillea millefolium 

AGEL Agoseris elata 

AGGL Agoseris glauca var. dasycephala 

AGSC Agrostis scabra 

AGTH Agrostis thurberiana 

ANMA Anaphalis margaritacea 

ANMI Antennaria microphylla 

ANRA Antennaria racemosa 

ANTEN Antennaria sp. 

AQFO Aquilegia formosa 

ARCA Arenaria capillaris 

ARCO Arnica cordifolia 

ARDI Arnica diversifolia 

ASFO Aster foliaceus 

CAAU Carex aurea 

CABI Caltha biflora var. biflora 

CACA Calamagrostis canadensis 

CACA2 Carex canescens 

CACO Carex concinnoides 

CADI Carex disperma 

CAEL Castilleja elmeri 

CALAM Calamagrostis sp. 

CAMU Carex multicostata 

CAREX Carex sp. 

CARO Carex rossii 

CARU Calamagrostis rubescens 

CASC Carex scopulorum var. prionophylla 

COUN Cornus unalaschkensis 

DENU Delphinium nuttallianum 

DODE Dodecatheon dentatum 

ELEL Elymus elymoides (Sitanion hystrix) 

EPAN Epilobium angustifolium 

EPCI Epilobium ciliatum ssp. watsonii 

EPHA Epilobium halleanum 

EPILO Epilobium sp. 

EPLE Epilobium leptocarpum (Epilobium glandulosum 

var. macounii) 

EQAR Equisetum arvense 

ERAC Erigeron acris ssp. politus (Erigeron acris var. 

asteroides) 

ERPE Erigeron peregrinus 

FRVI Fragaria virginiana 

FUNGI Fungi 

GADI Gayophytum diffusum ssp. parviflorum 

GEAM Gentianella amarella ssp. acuta 

GETR Geum triflorum 

GNMI Gnaphalium microcephalum 

GNPA Gnaphalium palustre 

HIAL Hieracium albiflorum 

HIERA Hieracium sp. 

JUCO Juniperus communis 
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JUDR Juncus drummondii 

KOMA Koeleria macrantha (K. cristata) 

LEGL Ledum glandulosum (Rhododendron 

glandulosum) 

LIBO Linnaea borealis 

LOBR Lomatium brandegei 

LOIN Lonicera involucrata 

LUAR Lupinus arcticus 

LUPA Luzula parviflora 

LUWY Lupinus wyethii 

MAPO Marchantia polymorpha (a foliose liverwort) 

MIPE Mitella pentandra 

MOSS Moss 

ORSE Orthilia secunda (Pyrola secunda) 

OSPU Osmorhiza purpurea 

PECO Penstemon confertus 

PHAL Phleum alpinum 

PHHA Phacelia hastata 

PICO Pinus contorta var. latifolia 

PIEN Picea engelmannii 

POA Poa sp. 

PODI Potentilla diversifolia var. diversifolia 

PODIP Potentilla diversifolia var. perdissecta 

PODR Potentilla drummondii 

POEL Polemonium elegans 

POLYT Polytrichum spp. (hair-cap mosses) 

POPR Poa pratensis 

POPU Polemonium pulcherrimum ssp. pulcherrimum 

POTR Populus tremuloides 

POVI Polygonum viviparum 

PSME Pseudotsuga menziesii 

RAES Ranunculus eschscholtzii 

RAUN Ranunculus uncinatus 

RILA Ribes lacustre 

RIVI Ribes viscosissimum 

RUPE Rubus pedatus 

SAFA Salix farriae 

SALIX Salix sp. 

SAOD Saxifraga odontoloma 

SAPL Salix planifolia 

SASC Salix scouleriana 

SEDE Selaginella densa 

SEPS Senecio pseudoaureus 

SEST Senecio streptanthifolius 

SESY Senecio sylvestris 

SETR Senecio triangularis 

SHCA Shepherdia canadensis 

SLICH Soil lichen 

SOMU Solidago multiradiata 

SPBE Spiraea betulifolia var. lucida 

SPHAG Sphagnum moss 

STAM Streptopus amplexifolius ssp. chalazatus 

STCR Stellaria crispa 

STELL Stellaria sp. 

STLO Stellaria longipes 

THOC Thalictrum occidentale 

TRLA Trollius laxus 

TRSP Trisetum spicatum 

VACA Vaccinium caespitosum 

VAMY Vaccinium myrtillus 

VASC Vaccinium scoparium 

VASI Valeriana sitchensis 

VEWO Veronica wormskjoldii 

VIGL Viola glabella 

VIOLA Viola sp. 

VIOR Viola orbiculata 

VIPA Viola palustris 

 

8. Total numbers of individual plants observed by year 

How many vascular plant species were observed in transects for each year of the study?  

 The number of vascular plants 

observed during each year of sampling, 

exclusive of overstory trees, but allowing for 

the inclusion of unidentified taxa, is shown in 

Table 6. The lower number of species in year 

2000 (by 18% of year 1998) is probably due in 

part to a 15% lower sampling rate. 

 
Table 6. The number of vascular plants observed along transects during each year of the study. Data was 

taken from database STRAN8.DB by selecting for vascular plant species (TYP2 = 1) and allowing 

unidentified species to be included, while excluding overstory trees (LAY = 91 or LAY = 92). The data 

does not distinguish whether separate counts represent the same individual. 
Year 1996 1997 1998 2000 2002 

No. plant observations 918 1,668 2,416 1,974 23 
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9. Species diversity by year 

How many vascular plant species were recorded each year in the experimental groups and 

did the numbers continually increase?  

 The number of vascular plant species 

occurring in any given year was determined 

for samples in dry, hot burned areas and for 

samples in wet, severely burned areas (Table 

7). Table 7 includes a value for the “inter-

species-distance”, which is the total number 

of samples divided by the total number of 

species encountered. An area with higher 

species diversity will have a lower inter-

species distance. 

 
Table 7. This table lists the number of species observed each year in both dry, severely burned samples 

and in wet, severely burned samples, excluding genera and unknowns. The number in parentheses is the 

“inter-species-distance”, which is the total number of samples divided by the total number of species 

encountered. Samples were selected for dry, hot burned areas by querying for FIR2 = 2, DRY2 = 3, in 

database Drysp2.db, spreadsheet pivot_spp.xls) and for samples in wet, severely burned areas by 

querying for FIR2 = 2, DRY2 < 3, in database Wetsp2.db), exclusive of overstory trees (LAY = 91 or LAY = 

92). The databases were copied into spreadsheet pivot_spp.xls and transposed, and the rows and columns 

were summed to obtain the number of species occurring in any given year. 
Year No. dry  

Samples 

No. species occurring 

in severely burned, dry samples 

No. wet  

samples 

No. species occurring 

in severely burned wet samples 

1996 865 16 (54) 212 25 (9) 

1997 1,061 16 (66) 212 33 (6) 

1998 1,003 24 (42) 162 29 (6) 

2000 1,017 31 (33) 148 25 (9) 

All years 4,242 39 734 43 

 

 Exclusive of genera and unknowns, 

for the sampling years 1996-2000 there were a 

total of 39 species that occurred in dry, 

severely burned samples and 43 species that 

occurred in wet, severely burned samples. 

 Table 7 indicates that there is a 

gradual, uneven trend toward higher 

diversity in the dry, severely burned samples, 

but no trend in the wet areas. The uneven 

trend toward lower inter-species distance 

indicates that diversity is increasing over 

time, but that the process may not be smooth. 

 There were 9 species observed 

consistently in all of the sampling years 1996-

2000 in dry, severely burned plots, excluding 

2 genera (EPILO, HIERA) and unknown 

(“UNK”). These were Arnica cordifolia, Carex 

concinnoides, Carex rossii, Calamagrostis 

rubescens, Epilobium angustifolium (Chamerion 

angustifolium), Lupinus wyethii, Pinus contorta, 

Salix scouleriana, and Vaccinium scoparium. 

Interestingly, Pinus contorta (lodgepole 

pine), had very low abundance.  

 There were 13 species observed 

consistently all of the sampling years 1996-

2000 in wet, severely burned plots, excluding 

3 genera (CAREX, EPILO, VIOLA) and 

unknown (“UNK”). These were Aster 

foliaceous, Calamagrostis canadensis, Carex 

concinniodes, Carex rossii, Carex scopulorum, 

Epilobium angustifolium (Chamerion 

angustifolium), Equisetum arvense, Lupinus 

arcticus, Mitella pentandra, Senecio triangularis, 

Thalictrum occidentale, Trollius laxus, Vaccinium 

scoparium. 
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10. Sampling efficiency using halved-species sample numbers 

Question: How effective was sampling for species diversity?  

 In this study the determination of 

species diversity by habitat was complicated 

by the change in plant abundance over time. 

Soon after the fire, most species were 

uncommon, but over time, different species 

became very common.  

 A simple method for determining 

whether sampling intensity was sufficient to 

determine species numbers uses the halved-

sample species numbers method (HSSN). 

This method selects subsamples from each set 

that different by factors of 2, i.e., samples 

were selected from every sample, every other 

sample, every fourth sample, every eight 

sample, etc., and the number of species in 

each HAB was plotted against the number of 

samples used. This is a modification the box 

quadrat variance method of determining 

sampling adequacy, or BQV, which plots the 

number of species versus the area sampled, 

using subsamples that are successively 

halved or quartered in area. The HSSM 

method differs in that the independent 

variable has one less dimension.  

 Figure 2a demonstrates a HSSN plot 

of transect TH-3 (severely burned, dry, 

unlogged) for 2000. The typical shape of 

curve for most of the 46 habitats sampled in 

2000 increased with the number of samples 

and leveled off at the total number of species. 

The point where the curve breaks indicates 

the point at which time and accuracy of 

sampling was most effective, i.e., for this 

habitat, at about 50 samples or 6 species.  

 Both moist and dry habitats 

consistently followed this pattern, however 

some of the HSSN curves for year 2000 

wetland transects were curved downward, as 

in transect TH-9 (Figure 2b). 

 
Figure 2a (left) and 2b (right). HSSN plot for severely burned, dry, unlogged habitats in 2000. For the 

year 2000, there were 46 different habitat categories (HAB) available in the data set were selected for 

HSSN, using only samples with all 4 vascular layers recorded, and only using the understory data. Table 

8b is the HSSN plot for transect TH-9, in a wetland, from year 2000. 
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 In wet areas, the increase in species diversity with larger samples was the opposite of 

what was expected and found within dry areas. This may be due to the different distribution 

patterns exhibited by different species in these wetlands, which were often dominated by large 
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patches of Carex scopulorum var. prionophylla that limited the attainment of maximum species 

number.  

 

11. Pattern of vegetation recovery by species 

Question: How does species abundance change over time?  

 The most common species observed 

during all years of sampling is shown in 

Table 8, sorted by their summed yearly 

abundances. Table 9 shows that the recovery 

of vegetation after a fire differs for each 

species. Fireweed (EPAN) continually 

increases, while the liverwort MAPO, rises 

and then falls. 

 
Table 8. List of the most common species (SU, including those only identified to genus) observed in all 

transects during each year of sampling, sorted in descending order by the summed sampling frequencies 

for all years, regardless of habitat. Data was determined from database SUMSPPYR.DB. 
SU Species name Overall Sum 1996 1997 1998 2000 

MOSS Moss 1656 305 543 384 424 

EPAN Epilobium angustifolium 1517 52 237 595 633 

VASC Vaccinium scoparium 843 79 237 304 223 

SASC Salix scouleriana 462 12 52 156 242 

CASC Carex scopulorum var. prionophylla 385 110 87 114 74 

CARO Carex rossii 311 14 86 118 93 

LUWY Lupinus wyethii 294 30 84 70 110 

ASFO Aster foliaceous 281 70 78 80 53 

ARCO Arnica cordifolia 250 43 79 101 27 

CACO Carex concinnoides 237 18 60 79 80 

MAPO Marchantia polymorpha (a foliose liverwort) 237 55 94 51 37 

CARU Calamagrostis rubescens 225 29 65 61 70 

LUAR Lupinus arcticus 215 17 57 69 72 

CACA Calamagrostis canadensis 207 38 75 71 23 

POLYT Polytrichum sp. (hair-cap moss) 190 4 32 5 149 

MIPE Mitella pentandra 174 66 63 37 8 

SETR Senecio triangularis 111 32 26 48 5 

TRLA Trollius laxus 94 23 28 23 20 

EPHA Epilobium halleanum 92  3 80 9 

SAOD Saxifraga odontoloma 87 54 12 19 2 

VASI Valeriana sitchensis 87 8 27 39 13 

EQAR Equisetum arvense 83 19 27 34 3 

PICO Pinus contorta var. latifolia 81 8 18 26 29 

CAMU Carex multicostata 75 9 19 34 13 

SAFA Salix farriae 73 5 26 23 19 

FRVI Fragaria virginiana 66 10 13 23 20 

ABLA Abies lasiocarpa 61 9 12 20 20 

PIEN Picea engelmannii 48 8 14 21 5 

SLICH Soil lichen 48 10 17 9 12 

LEGL Ledum glandulosum (Rhododendron glandulosum) 41 3 7 17 14 

VAMY Vaccinium myrtillus 40  9 19 12 

 

12. Species habitat preferences 

Which species only occur in dry areas and which ones never occur in dry areas? 
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 There are 26 species that were only 

observed in dry transects, determined by 

analyzing the data set ana3 for samples with 

MOISTURE = DRY: AGEL, ANMA, ANMI, 

ANRA, ARCA, DENU, ELEL, GADI, GNMI, 

GNPA, HIAL, HIERA, JUCO, KOMA, LOBR, 

ORSE, PHAL, PHHA, POEL, PSME, RIVI, 

SEST, SESY, SHCA, SOMU, SPBE. 

 There are 33 species that were never 

observed in dry transects, determined by 

analyzing the data in ana3 for samples with 

MOISTURE = NOT(DRY): ACCO, AGSC, 

AGTH, ANTEN, AQFO, CAAU, CABI, 

CACA2, CADI, CAEL, CALAM, DODE, 

ERPE, GEAM, GETR, JUDR, OSPU, PECO, 

PODIP, POPU, POVI, RAES, RAUN, RILA, 

RUPE, SAPL, SEPS, SPHAG, STLO, VEWO, 

VIGL, VIOLA, VIPA. 

 

13. Patterns of vegetation recovery for species in severely burned dry areas 

Question: What is the pattern of vegetation recovery for plants in dry, severely burned areas?  

 The pattern of vegetation recovery for 

all plants that were observed in dry, severely 

burned transects was determined using the 

TL (top layer) samples. The TL data only 

includes observations records for the top 

layer of vegetation, but allows for 

combination with a larger set of data that was 

gathered using the ML sampling method. 

Prior to the analysis, a test of the potential for 

systematic errors that might arise from this 

sampling method was performed. Table 9 

presents a calculation of missed observations 

of lower layers as an initial test of the validity 

of using the TL method. The number of 

potentially missed species is high enough (up 

to 15% of species were missed) that care must 

be used in the interpretation of results using 

the TL method. This percentage appears to be 

too high to accept the results for individual 

species, therefore the pattern of vegetation 

recovery for the most common species was 

also analyzed using the ML data set. 

 
Table 9. Summary of potentially missed plant observations in dry, severely burned samples, as an initial 

test of the validity of using the TL method. Columns show the total number of sample points in dry, 

severely burned areas for all years, the total number of plant observations from the ML data set 

(XVLAY=”4V”); and the percentage of missed plant observations (obs) in lower layers when only top 

layer sampling was used on the ML data set (LAY= “”, XVLAY=”4V”). The data set used was Dryhot8.db.  
Year No. 

samples 

No. ML 

samples 

ML missed 

lower obs 

1996 865 778 5/50 (10%) 

1997 1,061 221 13/89 (15%) 

1998 1,003 644 33/261 (13%) 

2000 1,017 1,060 56/441 (13%) 

TOTAL 3,946 2,703  

 

 Using both the TL sampling method 

and the ML method, the five most common 

vascular plant species in all years of sampling 

year in severely burned, dry areas was 

determined by summing the number of 

observations of the three most common 

vascular plants observed during each year of 

sampling. 

 These five most common vascular 

plant species determined from the TL data set 

were CARO (Carex rossii), EPAN (Epilobium 

angustifolium), LUWY (Lupinus wyethii), SASC 
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(Salix scouleriana), and VASC (Vaccinium 

scoparium). Two additional species were 

among those species with the 3 highest 

values of percent cover for at least one 

sampling year, determined using the ML 

sampling method: CACO (Carex concinnoides) 

and CARU (Calamagrostis rubescens). The 

percent cover for these species is shown in 

Table 10 (for the ML data set) and Table 11 

(for the TL data set). 

 
Table 10. Table of number of observation and their frequencies for the commonest vascular plant species 

(TYP2=1) observed in dry, severely burned areas during the first four sampling years, using the ML 

sampling method (LAY= “”, XVLAY= “4V”). Bold cells are those that differ by more than 5% from the TL 

sampling method used on the combined ML and TL data sets. Data was determined using the data in 

table Dryhot8.db. 
Year No. samples CACO CARO CARU EPAN LUWY SASC VASC 

1996 778 5 (<1%) 8 (1%) 5 (<1%) 5 (<1%) 10 (1%) 1 (<1%) 3 (<1%) 

1997 221 20 (9%) 15 (7%) 11 (5%) 20 (9%) 9 (4%) 2 (<1%) 7 (3%) 

1998 644 9 (1%) 15 (2%) 9 (1%) 98 (15%) 27 (4%) 24 (4%) 12 (2%) 

2000 1,060 12 (1%) 49 (5%) 22 (2%) 164 (15%) 47 (4%) 44 (4%) 45 (4%) 

 

Table 11. Table of observation frequencies for the most common vascular plant species observed in dry, 

severely burned areas during the first four sampling years, using the TL sampling method on the 

combined ML and TL sample sets (LAY= 1; XVLAY= “”). Bold cells are those that differ by more than 5% 

from ML sampling method used only on the ML data set. 
Year No. Samples CACO CARO CARU EPAN LUWY SASC VASC 

1996 865 5 (<1%) 11 (1%) 5 (<1%) 6 (<1%) 20 (2%) 1 (<1%) 3 (<1%) 

1997 1,061 17 (2%) 55 (5%) 16 (2%) 49 (5%) 51 (5%) 31 (3%) 92 (9%) 

1998 1,003 8 (<1%) 51 (5%) 10 (<1%) 122 (12%) 27 (3%) 31 (3%) 92 (9%) 

2000 1,017 14 (1%) 44 (4%) 19 (2%) 201 (20%) 38 (4%) 69 (7%) 43 (4%) 

 

 There were three cases in which the 

ML and TL sampling methods differed by 

more than 5%: LUWY (1996), CACO (1998) 

and VASC (1998). The number of 

observations of these three species using only 

the ML data set (the minimum number of 

observations was 9 observations of CACO, 

out of 664 observations) indicate that this 

pattern is likely to be a reliable representation 

across the study area. This could be 

corroborated by fitting the observed 

frequency to a theoretical Poisson 

distribution, in which variance should equal 

the mean. 

 

14. Development of multiple canopies (species overlap) in severely burned, dry areas 

Question: What is the pattern of canopy development in dry, severely burned areas?  

 It is generally accepted that 

vegetation succession after a disturbance 

begins with ruderals that are sun-loving 

species, followed over time by more shade-

tolerant species. The shade-tolerant species 

tend to develop in the understory of the sun-

loving species. The development of multiple 

canopies was measured by analyzing the 

pattern of species overlap in dry, severely 

burned areas for all 4 sampling years 

combined, using the ML data set in database 

Dryhot8.db. The percent overlap was 

determined as the percent of samples with 

more than one species layer (LAY>1), divided 

by the total number of samples with an 

observation of that same species. The 8 

species that were most frequently overlapped 

by other species are listed below, giving the 
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frequency that they were overlapped by 

other species, divided by the total observed 

frequency, and followed by the percent of 

overlap in parentheses: LUAR 5/7 (71%); 

CACO 10/33 (30%); VASC 11/63 (17%); 

CARO 19/119 (16%); LUWY 13/93 (14%); 

CARU 5/47 (11%); SASC 5/71 (7%); EPAN 

10/276 (4%). 

 While this data lacks large numbers, 

there is a height trend with SASC and EPAN 

both being tall plants. None of these species 

are truly sun-intolerant, therefore it is still too 

early to predict how those species become 

established. 

 

15. Most common vascular plant species in wet, severely burned areas 

Question: What is the pattern of vegetation recovery for plants in wet, severely burned areas?  

 The pattern of vegetation recovery for plants in wet, severely burned areas was 

determined using the ML data set. The number of available observations is shown in Table 12 

and the most common species are listed in Table 13. 

 
Table 12. Summary of observations for ML samples located in wet, severely burned areas for each sample 

year, showing the number of sample points (LAY=1); the number of observations in all layers (LAY = 

blank); and the number of observations of different vascular plant species (TYP2 = 1). Obs = Observations. 

Data is from table Wethot8.db. 
Year No. 

samples 

No. Observations 

(all layers) 

Number of vascular 

plant observations 

1996 212 335 172 

1997 212 377 236 

1998 162 274 229 

2000 148 225 174 

Aggregate 

(all years) 

734 1,211 811 

 

 There were 5 vascular plant species 

comprising the 3 commonest species 

observed from each of the first four sampling 

years (Table 14) These species are: ASFO 

(Aster foliaceous = Symphyotrichum foliaceum), 

CACA (Calamagrostis canadensis), CASC 

(Carex scopulorum), EPAN (Epilobium 

angustifolium = Chamerion angustifolium) and 

MIPE (Mitella pentandra).  

 The pattern of recovery is different for 

each of these species. ASFO declines slightly, 

CACA rises then falls, CASC is stable, EPAN 

continually increases, and MIPE drastically 

declines. These recovery patterns are likely 

due to the biology of the plant following 

disturbance. ASFO and CACA both depend 

on seed germination and this is reflected in 

their initial abundance. EPAN also spreads 

by seed, but its growth is logarithmic and 

hasn’t reached its maximum by year 2000. 

CASC spreads by rhizomes under the water 

table, and is relatively insulated from fire 

effects, therefore it remained stable. MIPE is a 

diminutive species of the understory that 

declined drastically, perhaps by the 

additional competition. It is unlikely that any 

MIPE would have been observed at all if only 

a top layer sampling method had been used. 

 
Table 13. Table of observation frequencies for the 5 most common species observed in wet, severely 

burned areas during the first four sampling years. Each table cell shows the number of observations of 
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that species, followed by two percentages. The first percentage is a measure of commonness relative to 

that of all other species observations for that year of sampling. The second percentage is a measure of 

absolute abundance, given as the percentage of the number of sample points. 
Year ASFO CACA CASC EPAN MIPE 

1996 25 (15% / 12%) 19 (11% / 9%) 26 (15% / 12%) 15 (9% / 7%) 18 (10% / 8%) 

1997 25 (12% / 12%) 38 (18% / 18%) 22 (11% / 10%) 32 (15% / 15%) 24 (12% / 11%) 

1998 18 (8%  / 11%) 28 (12% / 17%) 26 (11% / 16%) 67 (29% / 41%) 4 (2% / 2%) 

2000 17 (11% / 11%) 20 (13% / 14%) 21 (14% / 14%) 49 (32% / 33%) 2 (1% / 1%) 

 

16. Cryptogam abundance  

Question: What is the pattern of vegetation recovery for cryptogams in dry, severely burned 

areas?  

 The abundance of cryptogams 

(mosses and liverworts) was determined for 

dry, severely burned habitats (Table 14). The 

pulse in abundance of cryptogams in 1997 is 

interesting. This pulse may be partly due to 

the rapid response of moss to moisture, and 

may indicate that 1997 was a wet year, or that 

some years were sampled during wetter or 

drier periods. It is worth noting that in 1996, 

the first year of the sampling, the liverwort 

Marchantia polymorpha was often the most 

common species, and sometimes the only 

species, of vegetation in dry, severely burned 

areas, at about 3% abundance. 

 
Table 14. The data set included only samples in which cryptogams were always recorded if they 

intersected a sample point (TYP2 = 2; XCRYP = +C; LAY = “”). There were 2,483 sample points in this data 

set. The table below shows the number of observations and frequency of cryptogams (percent cover). 

Data was from the data set Dryhot8.db. MOSS = any moss species except Polytrichum. POLYT = 

Polytrichum sp. (a moss); MAPO = Marchantia polymorpha (a liverwort). 
Year No. sample points MOSS POLYT MAPO 

1996 526 9 (1.7%) 0 3 (0.6%) 

1997 863 134 (15.5%) 2 (0.2%) 5 (0.6%) 

1998 200 39 (19.5%) 0 3 (1.5%) 

2000 894 256 (28.6%) 21 (2.3%) 1 (0.1%) 

All 4 years 2,483 438 (17.6%) 23 (0.9%) 12 (0.5%) 

 

17. Species richness 

Question: What is the pattern of species richness over time in dry, severely burned areas?  

 The pattern of species diversity in 

dry, severely burned areas, was determined 

by measuring cumulative species abundance 

sequentially along the set of samples in dry, 

severely burned transects. The species 

richness curves are shown for 1996 and 2000 

in Figures 3a and 3b. Figure 4 shows the same 

type of curve for the same data set but only 

includes observations of species, whereas 

Figures 3a and 3b include both species as 

well as non-living categories of observations 

(e.g., charred tree, dead wood). 

 For greater accuracy and consistency 

between years, these figures only include 

data sampled using the ML sampling 

method, therefore not all transects are 

included.  

 In Figure 4, it can be seen that 3 new 

species were encountered close together near 

the last set of samples. Those samples 

probably represented a microniche of higher 
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diversity within the dry, severely burned 

landscape. The data for 1996, includes Table 

17 indicates that the inclusion of non-living 

organic matter did not appreciable skew the 

results. The actual number of species in 1996 

at the 200th sample is 11, because 6 non-living 

organic categories were also included: root, 

log, wood, needles, blowdown and snag. In 

2000, there were 4 non-living organic 

categories at the 200th sample. 

 The hypothesis was that there would 

be a large increase in species between the 

years 1996 and 2000. In 1996, the transects 

were only sparsely vegetated, even though 

nearly 2 years had elapsed since the fire. In 

1996, there were 11 species encountered by 

the point where the curve leveled off at about 

200 samples. Contrary to expectations, in 

2000 there were only about 13 species at the 

200th sample, which was also where the curve 

began to level off. This result is unexpected 

because it indicates that in 4 years, the 

number of consistently observed species only 

increased by 2 species or about 20%.  

 There was a significant difference 

between the number of uncommon species 

observed as the number of species 

encountered when the curved was leveled 

off, or about 600 samples. At this point there 

were nearly twice as many species in 2000 as 

in 1996 (ca 25 vs ca 12). 

 
Figure 3a (left); Figure 3b (right). Figure 3a shows cumulative species abundance plus classes of non-

living organic matter. This data is from Dryhot8, for the ML sample set,  and excludes samples in logged 

areas, and only including samples in which cryptogam counts were required. Figure 3b shows the same 

data for the year 2000. 

  
Figure 4. Cumulative, sequential species abundance for all samples in all dry, severely burned transects. 

 



1994 Thunder Mountain Fire Vegetation Recovery 

Page  33 

18. Establishment of fireweed in dry, severely burned areas 

Question: How does fireweed establish in dry, severely burned areas?  

 The establishment and survivorship 

of individuals of fireweed (Epilobium 

angustifolium, Chamerion angustifolium or 

EPAN) was investigated noting presence or 

absence of EPAN at the same sample point in 

consecutive years (Table 15).  

 This experiment also provided a 

gauge on the repeatability of measurements. 

During sampling, observers estimated that 

the accuracy of sample point location from 

year to year should be about half the distance 

between sample points (15.24 cm or 6 inches). 

If so, then for a 6-inch wide plant, about half 

of the year-to-year observations would be 

missed. EPAN is about 15 to 30 cm wide (6 to 

12 inches), so its presence would be expected 

to be observed most of the time on 

subsequent years. 

 Because EPAN is tall relative to other 

common plants observed during this study, it 

is usually present in the topmost layer. Out of 

225 observations of EPAN in the ML data set, 

only 7 were not the topmost layer. The 

number of samples only includes samples 

that did not have a null observation for either 

year.  

 The periods 1996-1997 and 1997-1998 

are fairly similar. However, there is a 

decrease in repeatability and an increase of 

missing observations when the years 1998-

2000 are compared to the early years. Over 

7% of plants were missing that were recorded 

previously in the 1998-2000 data set versus 

less than 2% in the earlier data sets. This 

could be due to mortality, but sampling 

errors are more likely based on personal 

familiarity. Possible reasons include (1) the 

use of a 2-year interval with greater inherent 

variability; (2) during the year 2000, plants 

may have been more dessicated than in 

earlier samples. 

 For the years 1997-1998, the number 

of first-time observations increased from 30 

to 80 or about 2.6 times.  

 Another estimate of the year-to-year 

accuracy was made by increasing the 

observation window for the samples by 

adding one observation on either side of a 

positive observation (Table 16). Table 16 

shows that there were 9 points observed in 

the same samples during the period 1997-

1998, whereas using the modified data, 21 

points were observed in the same samples 

both years. This indicates that there is not 

enough improvement in repeat observations 

from year-to-year to justify correcting for 

sample location error. 

 Other species tested for the 

repeatability of observations over multiple 

years were the following: CARO, SASC, 

VASC, MOSS (see Table 17).
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Table 15. Presence/absence of EPAN at the same sample point in consecutive years. Samples were from 

Dryhot8.db and included both ML and TL samples. All percentages are of the total except the data for 

stable observations, which is the percent of observations. Note that first year and second year 

observations include points that may have been null in the other year. Other columns have nulls 

excluded. 

Year No. 1st year 

hits 

Uncolonized both 

years 

Repeated 

second year 

New 

individuals 

Missing 

subsequently 

No. Samples 

1996-97 6 (0.9%) 626 (95.4%) 2 (33.3%) 25 (3.8%) 3 (0.5%) 656 

1997-98 30 (3.4%) 783 (88.2%) 9 (30.0%) 80 (9.0%) 16 (1.8%) 888 

1998-2000 89 (11.8%) 623 (82.8%) 15 (16.9%) 58 (7.7%) 56 (7.4%) 752 

2000 113      

 
Table 16. Presence/absence of EPAN at the same sample point in consecutive years, when the sample size 

of positive occurrences is expanded to 3 samples. 

Year and 

dataset 

No. 1st 

year hits 

Uncolonized both 

years 

Repeated 

second year 

New 

individuals 

Missing 

subsequently 

No. Samples 

1996-97 

fuzzy 

18 (2.7% 617 (94.1%) 3 24 (3.7%) 12 (1.8%) 656 

1997-98 

fuzzy 

72 (8.1%) 758 (85.4%) 21 68 (7.7%) 41 (4.6%) 888 

1998-2000 

fuzzy 

197 

(26.2%) 

547 (72.7%) 28 45 (6.0%) 132 (17.6%) 752 

 
Table 17. These were also from dry, severely burned samples, but only the ML data set was used (SASC 

had 5 out of 67 samples in understory layers). Logged areas were eliminated, as with the EPAN samples. 

In order to have a larger sample, The MOSS records only included samples in which cryptogams were 

counted regardless of whether they were overtopped by a vascular plant. The remaining plants allowed 

all samples regardless of how cryptogams were counted. 

Year No. 1st year hits Uncolonized 

both years 

Stable New Recruits Losers No. 

Samples 

SASC 1997-1998 1 137 0 6 1 144 

SASC 1998-2000 19 519 6 8 13 546 

VASC 1997-1998 5 129 2 10 3 144 

VASC 1998-2000 9 528 2 9 7 546 

CARO 1997-1998 7 117 5 20 2 144 

CARO 1998-2000 32 491 9 23 23 546 

MOSS 1997-1998 26 147 12 27 14 200 

MOSS 1998-2000 39 96 25 58 14 193 

 

19. Plant distribution frequency for EPAN 

 Because plant species and individual 

plants remained uncommon in dry, severely 

burned habitats from the beginning of the 

study in 1996, and through 2000, we studied 

the distribution pattern by comparing it with 

theoretical measures of central tendency, and 

specifically with the Poisson distribution, 

which has been used to characterize rare 

events. 

 The plant distribution of a single 

common species was studied: fireweed 

(Epilobium angustifolium, Chamerion 

angustifolium or EPAN). Fireweed was chosen 

because its abundance changed from rare in 
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the early plots to common later on. The 

number of EPAN observations were counted 

within sample bins of 5 or 10 consecutive 

observations along the transects, beginning 

and ending where the microhabitat changed 

as designated in [HAB3]. Quantile-quantile 

plots (Q-Q plots) of these observations were 

graphed by plotting the observed distribution 

versus a Poisson distribution. Data for all 

sampling years 1996-2000 is shown in Figure 

5. Data for 1996 only is shown in Figure 6.  

 Figure 5a and 5b, rejected the 

hypothesis, i.e., the distribution was not a 

Poisson distribution. To confirm that the 

curvature of the Q-Q Poisson plot was due to 

the data itself and not an artifact of sampling, 

the selection was narrowed to include only 

plots with at least one observation, but less 

than 10% total cover for the habitat, as would 

be expected for a Poisson distribution with a 

rare likelihood of observations. This was 

done by selecting only samples in which the 

mean number of observed EPAN occurrences 

for the entire habitat was > 0, AND <10% of 

the total number of samples in the habitat, 

[HAB3] (fig. C, D). The observed frequencies 

did not fit a Poisson distribution even when 

the data set was reduced to favor 

observations near the middle of the curve 

where the relationship is closer to linear. 

 Further tests were made by only 

including data from 1996 (Figure 6), and 

again, the Q-Q plot indicated that EPAN did 

not follow a Poisson distribution. 

 
Figure 5. Q-Q plots of EPAN observations versus a theoretical Poisson distribution with the same value 

of lambda. Observations are of EPAN along transects in dry, severely burned habitats for all sampling 

years 1996-2000. Graphs A, B include all samples using bin sizes of 5, or 10 samples, respectively; graphs 

C, D include only samples having a mean of observations > 0 and < 10% of the number of samples within 

the habitat identified in [HAB3]. The points on the y-axis represent the observed frequency within the 

sample bins, e.g., for graph A, with a sample bin of size 5, observation frequencies were: 0 (no 

observations within the bin)=521, 1=122, 2=62, 3=20, 4=11, and 5=4.The data set used was Dryhot8.db. Data 

was analyzed by the r software program, using the script thunder-poisson.r to generate thunder-poisson.png, 

in the following figure (A, B). 
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Figure 6. QQ plot of EPAN observations in 1996, using the 5-point sampling bin and only including 

transects where observed EPAN occurrences for the entire habitat was > 0, AND <10% of the total 

number of samples in the habitat, [HAB3]. Determined with script thunder-poisson1996.r, output file 

thunder-poisson1996.png). 

 
 

 Further comparisons with theoretical 

distributions by comparing the same EPAN 

data set to an exponential distribution using a 

Q-Q plot (Figure 7) and to a negative 

binomial distribution (Figure 8).  

 The negative binomial function 

provided the best fit of the data. In 

comparing the data to the three distributions, 

it was surprising to find that the Poisson 

distribution did not fit, since the data is 

indeed sparse during the early years after the 

fire. Attempts to fit the Poisson distribution 

by restricting set membership also failed, e.g., 

by restricting the data only to the first year of 

sampling or by eliminating transects with 

high mean EPAN cover or no EPAN cover. 

However applying these two measures to the 

data and plotting versus a negative binomial 

function yielded a nearly straight line, 

indicating that the negative binomial function 

provided the best fit for the data. 

 The purpose of this exercise in fitting 

the data to theoretical distributions was to 

determine if measures of dispersion and 

central tendency were related to standard 

distribution functions. None of the standard 

functions matched our data set perfectly.  

 In comparing the experimental data in 

Figures 5 and 6 to a Poisson distribution, the 

data deviated most in having higher 

observations of either zero or high values, 

while the middle values tended to fall on a 

straight line. The points representing high 

values (at the lower left of the Poisson plots), 

tended to fall in patches of EPAN, while the 

many zero values (at the upper left of the Q-

Q graphs) tended to occur in long runs of 

bare ground. A new working hypothesis is 

that each of these sets follows a different 

distribution pattern. Observation of zeros 

(bare ground) may be determined by the 

slow rate of survival and growth of new 

recruits, possibly with a limiting factor such 

as water availability or seed germination. 

Observations of high values occur in patches 

where rapid EPAN population expansion 

followed an exponential growth pattern. The 

middle of the curve are new seedling recruits 

on dry ground that actually do follow a 

Poisson distribution. The seedlings are 

established randomly, but once established, 

they become perennial mats of vegetation. 
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Figure 7. Q-Q plot of EPAN distribution for all samples between 1996 and 2000 plotted versus the 

exponential function, using script thunder-exponential.r. and outputting to thunder-exponential.png. 

 
 
Figure 8. Q-Q plot of EPAN distribution for all samples between 1996 and 2000 plotted versus the 

negative binomial function, using script thunder-neg-binomial.r. and outputting to thunder-neg-

binomial.png. Figure C was constructed by restricting the data only to the first year of sampling and by 

eliminating transects with no EPAN cover at all. 

 
 

20. Patchiness of fireweed 

Question: How evenly is fireweed distributed in dry, severely burned areas?  

 Vegetation evenness, or homogeneity, 

was measured for fireweed (EPAN) by 

sampling sequentially along transects and 

scoring each case as 1 for present and 0 for 
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absence. The cumulative sum of the 

outcomes versus increasing distance along 

the transect is displayed as a series (Figure 9). 

Figure 10 shows the same data as the 

cumulative fraction of EPAN observations 

with increasing distance along the transect 

plotted along with the fractional difference 

between successive samples representing 22 

observations for all 99 sample points 

(p=0.222). 

 It can be seen that the curve for 

cumulative EPAN does not stabilize to within 

10% of the final mean of 0.222 until sample 

point 44 is reached, corresponding to the 

fourteenth observation of EPAN presence. If 

the occurrence of EPAN was completely 

random with a likelihood of 0.22, then the 

rule of thumb for accepting that value when 

the number of successful observations, p, and 

the number of unsuccessful observations, q, 

both equal or surpass 5, would have occurred 

at sample point 8, which had a cumulative 

total of EPAN observations of 0.625, or nearly 

three times the mean for the entire transect. 

This indicates that in this transect, the 

occurrences of EPAN are significantly more 

frequent toward the beginning of the 

transect, i.e., that the beginning of the 

transect is located in a patch of EPAN. Had 

the particular sequence been started in almost 

any other area of the transect besides the 

patch of EPAN at the beginning, the data 

would have stabilized sooner. 

 
Figure 9. Vegetation evenness of EPAN, determined by sampling sequentially along transects and scoring 

each case as 1 for present and 0 for absence. The dataset uses 99 sequential sample points was selected 

from TH-1 (201-299), from the year 2000, along with the observed ground cover in the SUL field for each 

of the layers. 
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Figure 10. The cumulative fraction of EPAN observations with increasing distance along the transect 

plotted along with the fractional difference between successive samples representing 22 observations for 

all 99 sample points (p=0.222). The same data set is used as that shown in Figure 9. 
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 This experiment illustrates the 

homogeneity, or evenness, of the distribution of 

a single species. Although the actual 

evenness of other species in other transects 

will likely differ from this example, EPAN is 

a common colonizer with a broad 

distribution, and is therefore a good example 

for understanding how major species 

revegetated after the Thunder fire. Since 

almost all other species in dry areas are less 

common than EPAN, the use of evenness 

measures is more limited in those cases. The 

experiment indicates that patches of EPAN 

and dispersed EPAN individuals have a 

different distribution pattern. 

 

21. Patch density of fireweed 

Question: How are patches of fireweed distributed in dry, severely burned areas?  

 As the post-fire vegetation became 

less sparse between 1996 and 2000, the 

pattern of vegetative cover tended to became 

patchy, with localized areas beginning to 

form mats of more densely populated 

patches, while other areas sometimes 

remained unvegetated. An index of patch 

density was developed based on sampling 

the number of observations of a the same 

species of plant within a given sample 

distance. A graph of summed patch density 

per sample point over time was created with 

patches defined as areas with >1 observation 

of EPAN occurring within 5 consecutive 

samples. The patch density for all the bins 

was summed within each habitat and plotted 

against the length of the habitat. The patch 

density for all the bins was summed for each 

habitat and plotted against the habitat.  

 The summed patch density was not 

normalized, so that the upper value could 

range as high as the number of samples in a 

habitat. An advantage of this method is that 

it simplifies the information for sparse 

regions that don’t contribute to the data by 

reducing them to a single record with value 

0. 

 The graph of summed patch density is 

shown in Figure 11, which clearly shows an 

increase in the number of patches and the 

size of the patches between 1996 and 2000. 

 Similar plots were created, but are not 

shown here, for Vaccinium scoparium (VASC; 

ML method; bin size of 5 and 10 samples), 

patches of moss (MOSS; cryptogam sampling 

required; bin size of 5 samples) and the 

aggregated observations of all vascular plants 

(bin sizes of 5 and 10 samples). 
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Figure 11. Plot of summed patch density by sample point versus habitat sampled, by year of sampling. 

Individual transects arranged along the x-axis within each sampling year. Analysis was made by making 

counts of vegetation observations from bins of 5 consecutive, non-overlapping sample points and 

calculating the frequency of observations per bin, from 0 to 5, within each habitat. Any frequency >0 

represents more than one plant growing within the same bin. Points were used instead of bars to make 

the graph more readable. For each [HAB3] habitat along the transect, patch density was calculated as the 

number of observations in a bin multiplied times number of bins with the same number of observations, 

from 0 to 5. The patch density is > 1 whenever a bin has more than one observation. The summed patch 

density data set was created using scripts SPPATCH3-EPAN.TXT and processed in r using thunder-dens-

ana.r, and output to file thunder-density.png. 

 
 

22. Growth and germination characteristics 

Question: How rapidly do plants growth following fire?  

 Vegetative growth was assessed both inside 

and outside burned areas by measuring plant height 

at the lowermost, western edge of Dog Creek at 

approximately 5000 feet elevation. Both leader 

growth and vegetation cover were measured. Plants 

growing in the same habitats inside and outside 

areas that were severely burned had the following 

differences in leader growth of the year (Table 19). 
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Table 19. Leader growth of plants inside and outside burned areas. 
Plant species Burned  

growth 

Unburned 

Growth 

Burned  

%Cover 

Unburned  

%Cover 

Vaccinium scoparium 6"  0% 40% 

Carex scopulorum var. prionophylla 8" 12" 20% 20% 

Ledum glandulosum 5"  0% 5% 

Lupinus latifolius 1" 4" 1% 5% 

Valeriana sitchensis 4" 0% 5%  

Alnus sinuatus 4"    

Equisetum arvensis 6"    

Luzula parvifolia 2"    

Polemonium pulcherrimum 3"    

Streptopus amplexifolius 24" 24"   

Lonicera involucrata 6"    

Arnica cordifolia 2"    

Stenanthium occidentale 6"    

Cornus stolonifera 3"    

 

 From Table 19 it can be seen that fire 

generally reduces both aerial coverage as well as 

leader growth. The affect of fire on the growth of 

different species is highly variable. In lodgepole pine 

uplands, the commonest plant before the fire was 

often dwarf grouseberry, Vaccinium scoparium. This 

species was almost completely absent from hot 

burned areas in 1995, however it sprouted strongly 

in 1996 and was heavily fruiting by 1998. On the 

other hand, the common riparian plant saw-leaf 

sedge, Carex scopulorum var. prionophylla, was 

sprouting abundantly in burned over riparian areas 

from 1995 on. Since the growth of saw-leaf sedge is 

50% taller where it wasn’t burned, this suggests that 

the fire damaged the plants even though they 

sprouted back quicker than other species.  

 Sitka valerian, Valeriana sitchensis, had not 

resprouted by 1996, in areas where it apparently 

occurred before the fire. Leader growth of the 

twisted stalk, Streptopus amplexifolius, was apparently 

unchanged by the fire. This plant also shows the 

most rapid leader growth of all the sampled forbs in 

hot burned areas. Shrubs tend to be slow to sprout. 

Labrador tea, Ledum glandulosum, and white 

rhododendron, Rhododendron albiflorum were both 

strongly reduced by the fire, and those that lived 

sometimes did not produce sprouts until 1998. 

 Another interesting observation was the 

ability of pinegrass, Calamagrostis rubescens, to 

produce viable seed on its first year of sprouting in 

1996. Unfortunately, many of the seedlings 

apparently died during the subsequent dry 

summers. 

 

23. Growth and germination characteristics 

Question: What percent of new growth comes from seeds versus sprouting? 

 A field experiment was performed to 

determine what percentage of new growth comes 

from seeds versus from sprouting. As a general rule, 

almost all shrubs are capable of sprouting. However 

a number of shrubs use both sprouting as well as 

abundant wind-born seed to disseminate into newly 

disturbed areas. The relative percentage of seed 

establishment versus sprouting is not well 

understood. An opportunity arose on September 8, 

1996, to test this with a quick experiment. 

 The experiment was possible in a stand of 

trees that were blown down by the fire, creating 

large rootwads and blowdown mounds that could 

not have supported live shrubs prior to the fire. This 

blowdown patch contained about 100 blowdown 

mounds. Within the area the following species were 



1994 Thunder Mountain Fire Vegetation Recovery 

Page  42 

observed: Arnica cordifolia, Pinus contorta seedlings, 

Vaccinium scoparium, Carex concinnoides, Linnaea 

borealis, Epilobium angustifolium, Salix scouleriana, 

patches of mosses and the liverwort, Marchantia 

polymorpha.The experiment involved examining 

about 10 blowdown mounds to see which of the 

above plants were growing in the mounds. The only 

plants that were observed growing in blowdown 

mounds were Epilobium angustifolium, Salix 

scouleriana, patches of mosses and the liverwort, 

Marchantia polymorpha. 

 

IV. Discussion 

 Transects encompassed several scales 

of measurement. At the level of the 

individual, transect data recorded the 

species’ and ground cover abundances. At 

the neighbor level, transect data recorded the 

number and density of canopies and 

adjacency of different species. At the 

community level, transect data recorded the 

habitat type and aggregate species’ 

abundances. At the landscape level, each 

transect included ancillary information about 

the topography, geology, hydrology and soils 

of the area.  

 The use of two different methods for 

sampling transects had both positive and 

negative consequences. On one hand. Having 

up to 5 understory layers and 2 overstory 

layers available for observations allowed 

accounting for all plants observed, and for 

rare plant occurrences with less than 5% 

cover, this improved the accuracy of the 

results. On the other hand, this method 

became time consuming to when vegetation 

became multi-layered, necessitating a change 

to top-sampling for some transects. 

Maintaining consistency during the analysis 

of these two data sets presented another 

challenge. 

 

Discussion of General vegetation response to fire through 1997 

 The following findings are preliminary and 

tentative, as the sampling still requires statistical 

validation, and some measures such as the diversity 

analyses require further data processing. 

Nonetheless, clear trends in initial colonizers and 

changes in species distribution can be seen and 

compared between logged and unlogged areas and 

areas with different burn intensities (see table 

summarizing these habitats in appendix). 

 Upland areas that were completely 

devegetated during the 1994 fire generally still had 

not recovered by 1995 and 1996 in unlogged, 

severely burned, dry areas, and recovery was slower 

still in logged areas. Even by 1997, as the recovery 

process began to gain momentum, the percentage of 

exposed bare ground remaining unvegetated was 

still high. For example, in 1074 unlogged, severely 

burned, dry area samples, bare ground cover was 

29%, while that of litter was 27%. Logged areas were 

similar with bare 34% and litter 54%. For 

comparison, 179 samples of similar unburned, 

unlogged dry area controls had only 6% bare and 

52% litter. Burned areas have a higher ratio of bare 

ground to organic detritus and logs (litter), which 

remains noticeable even as the ground surface 

becomes revegetated. 

 In areas of greater soil moisture, as 

recognized by perennially wet ground surfaces and 

proximity to surface water, revegetation following 

the fire is more rapid, so plots were pooled into 

groups to control for varying soil moisture. For 

instance, in 1997, the above 179 samples in dry, 

unburned, unlogged areas were dominated by 

Wyeth lupine (12%), followed by grouseberry (12%) 
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and pinegrass (6%), with a total vegetated coverage 

of 43%, whereas 533 samples in unlogged, severely 

burned, wet habitats were dominated by fireweed 

(16%), moss (9%), blue reed (7%), heart-leaved arnica 

(6%), and saw-leaved sedge (4%), with a total 

vegetative cover of 68%. Despite the rapid recovery 

of total vegetative cover in the wetter areas, the 

dominant species composition changed radically 

from the 142 unburned, wet, unlogged sample 

points, which were dominated by arctic lupine 

(18%), leafy aster (13%), grouseberry (12%), saw-

leaved sedge (10%), and willow (9%), with a total 

vegetated coverage of 90%. 

 Only a few of the approximately 100 species 

occurring in all transects were initial colonists in 

severely burned, unlogged, dry areas. In 1996, the 

dominant plants in 661 samples of these habitats 

were moss (here referring to all mosses except 

Polytrichum spp.), grouseberry, and Wyeth lupine, 

all at 3% cover, out of 16% total vegetative cover by 

17 vascular plant species. By 1997, the number of 

species in 1074 sample points was still 

approximately the same at 20, but total vascular 

plant cover had tripled to 42%, with moss the 

dominant cover at 10%. Interestingly, grouseberry, at 

7%, had not increased proportionally, and the Wyeth 

lupine, at 5%, was now equaled by the cover of Ross 

sedge, fireweed, and pinegrass. 

 In comparison with the above unlogged dry, 

severely burned areas, 115 similar, but logged, 

sample points were devoid of vegetation in 1996, 

and by 1997 this had increased to only 7% moss and 

5% fireweed, with all other species less than 1% 

cover out of a total plant cover of 12%. 

 The lower rate of vegetative recovery seen 

between logged and unlogged samples is mirrored 

in dry soils with less intense burns, where in 1997 the 

highest vegetative coverages in 420 unlogged 

samples were for fireweed (7%), moss (6%), Douglas 

fir (4%), and grouseberry (4%), out of a total 

vegetative cover of 41%. In 397 similar, but logged 

samples the dominant vegetation was moss (10%), 

fireweed (4%), heart-leaf arnica (2%), and Ross sedge 

(2%), with a total vegetative cover of 24%. 

 

Discussion – Vegetative trends 

 The above results offer both expected and 

unexpected results. The relatively high initial 

colonization rate of both moss mats and Ross sedge 

was unexpected. Data from the unlogged, severely 

burned dry areas was interesting in that the moss 

appears to be growing exponentially, while the 

vascular plants grouseberry and Wyeth lupine are 

slowing down after an initial burst, and Ross sedge, 

fireweed and pinegrass are undergoing a delayed 

growth burst on the second year. This may be due to 

differences in their reproductive strategies, which for 

mosses is fragmentation and colonization of 

unoccupied bare soil; for grouseberry and lupine is 

sprouting; and for sedge, fireweed and pinegrass is 

secondary seed generation. An alternative 

hypothesis that the latter three species underwent 

delayed sprouting. This could be tested by 

continuing to follow this survey in areas still 

unvegetated, to quantify the dynamics of seed 

reproduction. 

 Although the lower rate of vegetative 

recovery in the logged vs. unlogged areas was 

expected due to soil disturbance, it should be noted 

that in one entire group of 115 logged sample points, 

nearly complete devegetation occurred during the 

first year. These samples should be followed to see if 

these damaged habitats eventually recover, or 

perhaps take a new route to succession. 

 The relative similarity in total sterile ground 

cover between severely burned and unburned plots 

was unexpected, given the increase in the ratio of 

bare ground to litter. This may be due to a 

simultaneous increase in needlefall and woodfall, 

which would counteract the loss of the organic 

horizon. In logged areas, a high percentage of log 

and woody debris is present that may mask the loss 
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of some organic soil matter. A species diversity and 

association analysis would clarify other differences. 

 The differences in species composition 

following a hot burn is more pronounced in the wet 

plots, which only had one species out of the five 

dominants in common between burned and 

unburned plots. In contrast, the species grouseberry, 

Wyeth lupine, and pinegrass are dominants both 

before and after fire in dry areas. Their persistence in 

unburned areas may date from a previous fire, as 

they are all strongly rhizomatous, however the 

interplay between alternating shade intolerance and 

heliophily in these species requires a more complex 

explanation that also incorporates growth rates and 

reproduction. 

 

Species overlap 

 The ratio of hidden lower layer 

species that would not be observed due to 

being covered by the topmost species was 

determined as a test of likely errors in the use 

of top-sampling. The likely margin of error 

that could be due to missed underlying 

species was determined in the last column of 

the table above as the percentage of lower 

layer observations out of the total number of 

occurrence of that species in the set of 

observations that recorded data in multiple 

layers. This is a systematic error that always 

causes top layer estimates of plant cover to be 

lower than they really are, in this case by 15% 

or less. However the maximum error is 

unlikely for any species in early seral stands 

as it would only occur if a plant consistently 

occurred in the understory of another 

common plant, or if the dominant plants 

were all taller than the other plants and had a 

high percent cover. Neither of these 

conditions existed as of 2000, except in wet 

areas, which were analyzed separately. Over 

time, it appears that EPAN, SASC and 

eventually PICO will become dominant, 

making accurate cover determination 

dependent on sampling all vegetation layers.  

 The ratio of species overlap was 

determined for several reasons. First it allows 

correction of cover values for samples taken 

using top-layer sampling. Secondly, species 

overlap may represent the initial formation of 

a species guild, comprised of species with 

mutual co-occurrence. Thirdly, species 

overlap represents the initial formation of 

stand structure, that provides value to 

wildlife and increases soil stability, as the 

stand moves toward a climax condition. 
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