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INTRODUCTION

Fire is a disturbance that influences plant population dynamics and can change

plant community structure (Bond and van Wilgen 1996).  Many rare plant species occur

in fire-dependent communities (Myers 1989, Johnson and Abrahamson 1990, Campbell

et al. 1991, Jacobson et al. 1991, Hardin and White 1992, Carlson et al. 1993, Menges

and Kimmich 1996), and fire suppression is the principal threat to 4.1% of the

endangered flora in the U.S. (Schemske et al. 1994).  Conversely, some rare species are

threatened by burning of their habitat, especially in tropical regions (e.g., Stone and Scott

1985).  Therefore, managers can improve conditions for rare plants if they have specific

knowledge of how populations of such species respond to fire (Hessl and Spackman

1995).

The effect of fire on life history processes has been explored for several rare

plants.  Burning can increase flowering and fruiting (Johnson and Blyth 1988, Hartnett

and Richardson 1989, MacRoberts and MacRoberts 1990), seed germination (Borchert

1989, Boyd and Serafini 1992, Jacobs 1993), seedling establishment (Gankin and Major

1964, Barker and Williamson 1988), growth (Barker and Williamson 1988), or

combinations of these processes (Lesica 1999, Menges 1995).  In some rare plant species,

burning has both positive and negative effects, such as increasing seedling recruitment

while killing adults (e.g., Dunwiddie 1990, Menges 1992a).  In others, fire has no clear

effect on adult survival (Warren et al. 1992) or flowering (McClaran and Sundt 1992). 

Although prescribed burning is a recommended tool for rare plant conservation in various
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habitats (Folkerts 1977, Currier 1984, Jacobson et al. 1991, Kaye 1992, Phillips et al.

1992, Hawkes and Menges 1995), decisions to manage habitat with fire should be

informed by careful experimentation, monitoring, and interpretation of results (Owen and

Rosentreter 1992).

The overall impact of a disturbance on a population is a summation of its effects

on various vital attributes (Noble and Slatyer 1980), and should not be inferred from a

response at one or two points in a life cycle.  Transition matrix models are an appropriate

tool for assessing the impact of a management strategy on endangered species because

they synthesize population dynamics at many life history stages (Schemske et al. 1994,

Silvertown et al. 1996).  They can be used to generate several useful statistics, such as

population growth rate, extinction probability, and elasticities.  However, only a few

matrix-based evaluations of the effect of controlled burning on rare plants have been

published to date (but see Manders 1987, Lesica 1997, Menges and Dolan 1998, Gross et

al. 1998).  In this paper, we use matrix models to evaluate burning as a management tool

for an endangered plant.  This approach integrates the influence of fire on plant growth,

survival, fecundity, and mortality so that effects are measured at the level of population

dynamics.  We focus primarily on stochastic measures of population viability without

burning and with two different fire frequencies to test the hypothesis that fire improves

conditions for this species.  In addition, we compare results derived from two widely-

used methods of stochastic projection.  We use elasticities to evaluate which

demographic processes are most important to changes in growth rate caused by fire.
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Lomatium bradshawii (Rose) Math. & Const. (Bradshaw's lomatium, Apiaceae) is

listed by the U.S. Fish and Wildlife Service and the Oregon Department of Agriculture as

an endangered species (Oregon Natural Heritage Program 2001).  It is an herbaceous

plant from a perennial taproot, reproducing only by seed.  The seeds generally mature in

June and passively disperse in July, then germinate by the following April.  Its flowers

are pollinated by a diverse assemblage of insects, especially solitary bees and flies (Kaye

1992).  Most known populations of L. bradshawii occur in fragmented habitats in

southwestern Washington and the Willamette Valley of western Oregon.  Approximately

sixteen populations are known, varying in size from less than fifty to 25,000 individuals,

and less than one to about 40 ha (Parenti et al. 1993).  The largest concentration of

reported sites is in the southwestern Willamette Valley, west of Eugene, Oregon.  A

recovery plan for L. bradshawii (Parenti et al. 1993) identifies population enhancement

as needed for the species’ recovery.

Lomatium bradshawii occurs in remnants of two types of formerly widespread

prairies.  Seasonally saturated wetlands in shallow soil over basalt in Marion and Linn

counties, Oregon, support a small number of populations (Alverson 1990).  Most

populations, however, occupy valley-bottom prairie dominated by Deschampsia

cespitosa (tufted hairgrass) and characterized by deep pluvial clays and a perched water

table.  The latter habitat type has been described in some detail (e.g., Moir and Mika

1976, Kagan 1980, Alverson 1989, and Finley 1994), and typifies the sites included in

our study.  Both habitat types are part of the prairie-oak savannah ecosystem of western

Oregon interior valleys that was widespread before regional fire suppression and
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settlement in the mid- to late 1800's (Habeck 1961, Johannessen et al. 1977).  Prior to

Euro-American settlement, these prairies were maintained by frequent fall fires set by

Native Americans to promote food plants, such as camas (Camassia quamash and C.

leichtlinii), and to herd game for improving hunting success (Johannessen et al. 1977). 

Today, less than one percent of presettlement-composition prairies remain, and tools for

managing this habitat for native and endangered species are urgently needed (Wilson et

al. 1995).

METHODS

Study sites, burning treatments and plots

We used information from two populations to evaluate the effect of fire on the

demography of Lomatium bradshawii.  Both were within the southwest part of the

species' range, in an area west and north of Eugene, Oregon, in valley-bottom prairie

habitat that had not burned in several decades.  These populations occurred within the

Fern Ridge Research Natural Area at two sites: Fisher Butte (44E3' N, 123E15' W) and

Rose Prairie (44E5' N, 123E15' W).  The land is managed by the Army Corps of

Engineers.  Two additional populations were included for seed bank evaluation, Buford

County Park (43E60' N, 122E56' W), east of Eugene, and the Long Tom Area of Critical

Environmental Concern (ACEC, 44E9' N, 123E18' W), which is managed by the Bureau

of Land Management.  Throughout this report, these sites are referred to as Fisher Butte,

Rose Prairie, Buford Park, and Long Tom, respectively.
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Three burning treatments were conducted at Fisher Butte and Rose Prairie from

1988 through 1993 to determine the effects of fire on Lomatium bradshawii population

dynamics.  All burns were conducted in October.  These treatments were control (no

burning), burned twice in six years (1988 and 1991), and burned three times in six years

(1988, 1989, and 1991).  The population areas were divided into more or less equal

strips, roughly four ha each at Fisher Butte and two ha each at Rose Prairie, and

randomly assigned one of the three treatments prior to burning (see Pendergrass et al.

1998; and Pendergrass et al. 1999 for more details).  Burn characteristics at each site,

including flame length, height, depth and heat per unit area were recorded in 1988-1989

and are reported elsewhere (Pendergrass et al. 1998).  Permanent monitoring plots were

sampled annually in areas exposed to the three treatments.  To establish these plots,

mature Lomatium bradshawii plants (reproductive or large vegetative) were randomly

chosen from throughout the population areas and tagged in 1988.  These individuals were

numbered, and a subset, ten at Fisher Butte and six at Rose Prairie, were randomly

selected from each treatment type to serve as center points for permanent circular plots

(2-m radius).  All L. bradshawii individuals were mapped in each circular plot in May or

June of each year (prior to burning) from 1988 through 1993.  Seed production and

umbel number were recorded annually for all tagged plants, including those at the center

of each circular plot and outside the plots.

Transition elements and matrices
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Two general approaches, analytical methods and biological classifications, have

been used to define categories for stage-based models (Horvitz and Schemske 1995). 

Analytical methods maximize within-class sample sizes and minimize error of estimates

(Vandermeer 1978, Moloney 1986, Fiedler 1987), and biological classifications rely on

size, age, gender, reproductive states, development, or some combination of these (e.g.,

Lefkovitch 1965, Usher 1976, Bierzychudek 1982, Aplet et al. 1994, Maschinski et al.

1997).  We used a biological classification that combined plant size and reproductive

state to classify each Lomatium bradshawii individual into one of six stages: seedling (S),

vegetative plant with one or two leaves (V2), vegetative plant with three or more leaves

(V3), and reproductive plant with one (R1), two (R2), or three or more (R3) umbels. 

Reproductive plants were segregated by umbel number because one-umbel plants rarely

produce seed (most of their flowers are male-only), while two-umbel plants produce

seeds on the second umbel, and plants with three or more umbels may produce many

seeds (T.N. Kaye, unpublished data).  Thus differences in the size of reproductive plants

affect their sexual function and fecundity rates, a pattern found in several members of the

Apiaceae (Schlessman 1978, Lindsey 1982, Lindsey and Bell 1985).  We combined

vegetative plants with one or two leaves into a single stage because field observations

indicated that plants with one leaf often produced a second leaf later in the year, and

therefore leaf number of small plants may be a function of sampling date and/or variation

in seasonal phenology, not plant vigor.  Seedlings were defined as first year plants, often

with cotyledons.  All vegetative plants with one leaf were considered seedlings in 1988.
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To construct transition matrices, we calculated the proportion of individuals in

each stage that remained the same or changed to a different stage from one year to the

next.  To estimate the number of seedlings produced by individuals in each reproductive

stage, we first determined the mean number of seeds produced by each stage (with data

recorded for tagged plants) and the number of reproductive individuals within each plot

to estimate the number of seeds produced in each plot in year t.  Seedlings observed in

year t+1 were then apportioned among the reproductive stages based on seed production

and density of each stage in year t.   These proportions and fertilities were organized as

transition elements in a matrix following standard methods (Lefkovitch 1965, Menges

1986, Caswell 2001) and according to our conceptual model of population dynamics for

this species (Figure 1).  Annual transition matrices, hereafter referred to as detailed

matrices, were constructed for each of five growing seasons from 1988-89 to 1992-93,

and for each treatment at Fisher Butte and Rose Prairie.  These detailed matrices can be

found in Caswell and Kaye (in review).  A mean matrix for each site and treatment

combination was produced from each set of detailed matrices with a corresponding set of

variances, one variance (representing environmental stochasticity) for each mean matrix

element.  Sample sizes for large reproductive plants (R3) were small because plants in

this stage were uncommon in our study populations.  In some cases (unburned plots at

Rose Prairie in 1989 and 1992, and burned plots at that site in 1991), no R3 plants were

observed, making it impossible
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Figure
2.1.  Conceptual model of the life cycle pathways of Lomatium bradshawii.  Each arrow
represents possible transitions plants can make from one year to the next.  Dashed lines
pointing to the seedling stage indicate reproduction.  Double-headed arrows indicate
regression to a smaller stage or growth to a larger stage.  Stages identified in this model
are first year seedling (S), one to two-leaved vegetative plants (V2), vegetative plants
with three or more leaves (V3), and reproductive plants with one (R1), two (R2), or three
or more (R3) umbels.
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to estimate transitions for this stage.  To resolve this problem, we replaced the R3-

column of each of these detailed matrices with the average values from that stage for the

appropriate site and treatment.

We used loglinear analysis to test for treatment and site effects on stage-specific

survival and transitions.  Count data (Table 2.1) for each transition were summed across

all years.  These data formed a 4-way transition frequency table with three explanatory

variables: treatment (T, unburned, 2 burns, or 3 burns), location (L, Fisher Butte or Rose

Prairie), and initial class (C, stages S through R3).  The response variable was individual

fate (F, stages V2 through R3 and death).  A constant 0.5 was added to all cells prior to

analysis (as recommended by Fingleton [1984]).  In this analysis, the transition frequency

table was modeled as a linear function of the logarithm of the cell frequencies (see Silva

et al. [1990] for a detailed application of this analysis to demographic data).  The

presence of an interaction in these hierarchical models implies the presence of all lower

order interactions involving those variables.  Tests were performed by determining the

reduction in the log-likelihood ratio, G2, when a term was added to a model that excluded

that term.  For example, comparing a null model (CTL, CF for the null hypothesis that the

fate of an individual is independent of treatment or location, conditional on its initial

state) with a model that includes a location effect (CTL, CFL) can be used to calculate

∆G2, which is compared to a chi-square distribution.  This comparison tests for a location

effect (see Table 2.2).  Degrees of freedom for this test are equal to the difference in the

degrees of freedom in 
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Table 2.1.  Four-way transition frequency table used in the loglinear analysis (Table 2.2). 
Counts of individuals summed across the five years of the study are shown for each
combination of six initial classes, six fates, two locations, and three burning treatments.

Rose Prairie Fisher Butte
initial state fate no burn two

burns
three
burns

no burn two
burns

three
burns

S V2 42 42 51 15 68 56 
S V3 15 22 24 5 16 8 
S R1 3 1 2 2 5 3 
S R2 0 0 0 0 0 1 
S R3 0 0 1 0 0 0 
S dead 185 86 96 91 411 226 
V2 V2 37 58 26 18 44 22 
V2 V3 34 50 45 5 23 9 
V2 R1 7 12 10 0 4 5 
V2 R2 3 3 6 0 4 1 
V2 R3 0 0 0 0 1 1 
V2 dead 98 76 57 28 83 51 
V3 V2 17 22 27 6 9 2 
V3 V3 150 72 126 24 27 26 
V3 R1 49 38 52 16 26 17 
V3 R2 18 26 21 2 23 10 
V3 R3 1 1 4 0 0 0 
V3 dead 162 135 131 21 64 38 
R1 V2 6 5 3 0 6 0 
R1 V3 33 18 16 12 9 9 
R1 R1 53 28 33 24 20 12 
R1 R2 26 33 29 10 21 14 
R1 R3 2 3 6 0 1 0 
R1 dead 72 47 49 21 37 29 
R2 V2 2 3 1 0 2 1 
R2 V3 11 9 6 2 12 3 
R2 R1 23 23 20 13 15 16 
R2 R2 18 33 45 5 40 20 
R2 R3 4 7 13 1 4 1 
R2 dead 32 54 57 7 38 21 
R3 V2 0 0 0 0 1 0 
R3 V3 2 0 1 0 1 1 
R3 R1 1 1 4 0 2 0 
R3 R2 3 5 8 2 4 1 
R3 R3 7 17 24 1 3 2 
R3 dead 2 10 20 0 4 2 
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Table 2.2.  Loglinear analysis of the effects of burning treatment and location on stage-
specific plant fates.  The explanatory variables are initial class (C), treatment (T) and
location (L), and the response variable is fate (F).  Relevant comparisons for each test are
shown as differences between two models, and their corresponding P-values are shown in
bold type. 

Effect Model Comparison df G2 ∆G2 P
(1) CTL, CF (null) 150 252.5 <0.0001 

(2) CTL, CFL 120 167.6 0.0027 
location (1)-(2) 30 84.9 <0.0001 

(3) CTL, CFT 90 131.1 0.0031 
treatment (1)-(3) 60 121.4 <0.0001 

(4) CTL, CFL, CFT 60 41.18 0.9698 
location (3)-(4) 30 89.92 <0.0001 
treatment (2)-(4) 60 126.42 <0.0001 

 (5) FCTL 0 0 1.0000 
location×
treatment
interaction

(4)-(5) 60 41.18 0.9698 
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the two models.  The effect of a factor is always estimated relative to a specified model,

so there may be more than one way to measure the effect of any factor.  Two different

tests for each factor were, therefore, included in our analyses.

Stochastic measures of population viability

We explored two measures of population viability, stochastic population growth

rate and extinction probability, using two methods of incorporating environmental

variability.  Stochastic growth rate (λs) was chosen over the more conventional

deterministic growth rate, lambda (λ), because it incorporates environmental variability

and does not assume a stable (equilibrium) population structure (Tuljapurkar 1990).  The

sampled Lomatium bradshawii populations may not be at equilibrium, especially when

burned after several decades without fire.  Further, λs is always less than λ (Caswell

2001), which makes it a more conservative estimate of population viability.  Populations

with λs greater than 1.0 are projected to grow, while those with λs less than 1.0 are

projected to decline.

Environmental stochasticity was modeled in two ways, through element selection

(e.g. Maschinski et al. 1997) and matrix selection (e.g., Bierzychudek 1982).  Element

selection used the average matrices and, at each time step of the simulation, varied each

matrix element at random within its observed variance.  Element selection allows

population trajectories in time to follow an infinite number of pathways bounded only by

observed variances, but our use of the method did not account for any inter-correlation of

matrix elements.  That is, “bad” years for one type of transition were not correlated with
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“bad” years for others, even though environmental correlation among demographic

parameters occurs in some species (Horvitz and Schemske 1995, Oostermeijer et al.

1996, Horvitz et al. 1997, Caswell 2000).  Matrix selection, on the other hand, preserves

the observed correlation structure among transition elements by varying whole matrices,

drawn at random from the set of five detailed matrices for each treatment/site

combination, at each time step.  This limits the number of possible trajectories a

simulated population can follow (Burgman et al. 1993).  We used RAMAS/stage

software (Ferson 1991) to perform element selection simulations and POPPROJ2

(Menges 1986, 1990, 1992b) to implement matrix selection.  For both methods, we used

an initial population size of 800 plants distributed in the average observed structure for

each treatment and site.  

We calculated stochastic lambdas and 95% confidence intervals (following

Caswell 2001:396) from simulations using both the element and matrix selection

procedures.  When the log of population growth is averaged over a very large number of

time steps, it converges to a fixed value determined by vital rates and environmental

processes (Caswell 2001, Tuljapurkar 1990).  For each type of simulation, we ran the

models for 2000 time steps to calculate the stochastic growth rate. 

To calculate extinction probability, we ran 1000 simulations with 100 1-yr time

steps.  Extinction was defined as falling below ten individuals.  For element selection,

distributions were assumed to be normal and truncated to 0 and 1.  If transition rates for a

given stage summed to greater than 1.0 (suggesting greater than 100% survival) during

element selection, the values were rescaled to sum to 1.0.  In the matrix selection
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procedure, each detailed matrix had an equal probability at each time step.  Extinction

probability was calculated from the frequency of extinction events in the simulations. 

Confidence intervals were based on a normal approximation of a binomial distribution

(Steel et al. 1997). 

Our use of the transition matrix model assumed that fertility and transition rates

are independent of intra-specific plant density.  This is an acceptable assumption for

populations below a density-dependent threshold (e.g., Shaw 1987), but only while they

remain at low densities.  Density dependence will eventually limit growth of populations

with lambda greater than one.  Therefore, we tested the effects of imposing a population

ceiling on extinction probability and found that there was no effect on extinction

probability of limiting population size to twice the initial size.  We concluded that

omitting density dependence from our models did not substantially alter our results. 

Demographic stochasticity was also ignored by our models, but it usually contributes

much less to extinction probability than environmental stochasticity, except in declining

populations with small (e.g., 50 individuals) initial size (Menges 1992b).  In addition,

these matrix models assume that population growth is a first-order Markov process, in

which transition probabilities depend only on a plant’s condition in the current year, not

on its state in previous years (Lefkovitch 1965).

Elasticities

Elasticities are a proportional measure of the sensitivity of lambda to small

perturbations in each transition element (de Kroon et al. 1986).  One useful property of
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elasticities is that for a given matrix, they can be summed for each stage to provide a

proportional measure of the importance of each stage for population growth (e.g.,

Caswell 2001). We calculated elasticities for each of the populations and treatments

using weighted mean matrices and a parametric bootstrap process detailed in Caswell and

Kaye (in review).  This bootstrap procedure resamples matrices from a multinomial

distribution for transition rates and a Poisson distribution for fertilities to generate 95%

confidence intervals. 

Seed bank analysis

Our models assume that seeds do not remain in the soil for more than 1 yr without

germinating or dying.  To test this assumption, we sampled soils from four Lomatium

bradshawii populations to determine if the species maintains a persistent soil seed bank. 

Populations examined included Fisher Butte, Rose Prairie, Long Tom, and Buford Park. 

All soil samples were taken in 1993 after seedling emergence and prior to seed dispersal

of the current season.  At the first three sites, 20 x 20-cm by 3-cm deep samples were

collected adjacent to randomly selected reproductive L. bradshawii plants, excluding

plants that were included in monitoring plots.  At each plant, a random direction and

distance (up to 2 m) were selected for locating the sample.  At Buford Park, 20 x 20-cm

by 3-cm deep samples were taken at regular intervals along previously established

monitoring transects in areas of high Lomatium bradshawii density (0.50 plants m-2). 

Sample sizes ranged from 15 to 20 per site.
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Soil samples were examined for Lomatium bradshawii fruits (single seeded

mericarps) within two days of collection.  Each sample was loosened into smaller

fragments, then passed through a series of sieves to separate the size fragment

appropriate for L. bradshawii fruits.  The accuracy of this technique was evaluated by

placing marked L. bradshawii fruits into the first three soil samples to determine if they

could be found.  All marked fruits were recovered quickly and without confusion.  When

L. bradshawii fruits were encountered, they were evaluated for overall condition and

presence of endosperm or embryo.  We tested for viability of embryos with tetrazolium

chloride (following Heydecker [1973]).

RESULTS

Transition rates

Between 1988 and 1993, a total of 1,151 individual plants were recorded in

sample plots at Rose Prairie and 1,273 were observed at Fisher Butte.  Many kinds of

transitions were observed among the stages of Lomatium bradshawii.  From one year to

the next, plants increased or decreased in size, or remained the same (Table 2.3).  In a

single year, some plants grew or shrank two or more stages.  For example, at both sites

and in all fire treatments, V3 plants grew to R1 or R2 or regressed to V2 stages in one

year (Table 2.3).  Some transitions were never or seldom observed, such as plants from 
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Table 2.3.  Mean transition matrices and variances for each site, treatment, and year
(1988-93, n=5).  Fertilities are found on the top row of each matrix.  Probabilities for
stasis are along the main diagonals, regression to smaller stages are above the diagonals
(excluding the top row), and growth probabilities are below the diagonals in each
column.  Stages are defined in Methods.

Stage at
time t+1

Stage at time t
S V2 V3 R1 R2 R3 S V2 V3 R1 R2 R3

Mean 1988-93 Variance 1988-93
Rose Prairie, no burns

S 0 0 0 0.362 3.462 4.035 0 0 0 0.0311 13.304 6.889 
V2 0.068 0.244 0.108 0 0 0 0.0076 0.1079 0.0145 0 0 0 
V3 0.094 0.130 0.390 0.228 0.044 0 0.0117 0.0298 0.0380 0.0114 0.0077 0 
R1 0.018 0 0.278 0.432 0.584 0 0.0007 0 0.0262 0.0237 0.1112 0 
R2 0 0 0.044 0.186 0.272 0.667 0 0 0.0077 0.0111 0.1409 0.2222 
R3 0 0 0 0 0.100 0.333 0 0 0 0 0.0400 0.2222 

Rose Prairie, two burns (88 and 91)
S 0 0 0 0.764 4.138 10.178 0 0 0 0.3090 7.535 76.093 
V2 0.318 0.408 0.108 0.078 0.022 0.125 0.0104 0.0095 0.0042 0.0055 0.0010 0.0469 
V3 0.058 0.216 0.246 0.146 0.160 0.083 0.0027 0.0195 0.0290 0.0051 0.0154 0.0204 
R1 0.012 0.016 0.254 0.348 0.150 0.100 0.0001 0.0004 0.0071 0.0191 0.0060 0.0300 
R2 0 0.014 0.184 0.310 0.524 0.343 0 0.0008 0.0194 0.0267 0.0177 0.0674 
R3 0 0.006 0 0.014 0.058 0.350 0 0.0001 0 0.0008 0.0039 0.1675 

Rose Prairie, three burns (88, 89 and 91)
S 0 0 0 0.692 4.800 10.540 0 0 0 0.2813 6.002 27.147
V2 0.336 0.316 0.028 0 0.014 0 0.0203 0.0852 0.0013 0 0.0008 0 
V3 0.062 0.184 0.370 0.278 0.080 0.125 0.0029 0.0344 0.0223 0.0269 0.0084 0.0469 
R1 0.020 0.156 0.228 0.278 0.240 0 0.0010 0.0329 0.0119 0.0262 0.0555 0 
R2 0.012 0.034 0.124 0.342 0.488 0.250 0 0.0046 0.0055 0.0458 0.0469 0.1875 
R3 0 0.006 0 0 0.050 0.375 0 0.0001 0 0 0.0100 0.1719 

Fisher Butte, no burns
S 0 0 0 0.322 1.718 5.984 0 0 0 0.1860 2.776 17.573 
V2 0.236 0.242 0.054 0.030 0.016 0 0.0245 0.0156 0.0016 0.0014 0.0010 0 
V3 0.102 0.220 0.496 0.206 0.140 0.240 0.0057 0.0130 0.0073 0.0058 0.0075 0.1504 
R1 0.014 0.056 0.174 0.392 0.342 0.066 0.0002 0.0021 0.0040 0.0147 0.0089 0.0174 
R2 0 0.042 0.062 0.180 0.326 0.174 0 0.0031 0.0014 0.0198 0.0304 0.0675 
R3 0 0 0.002 0.014 0.048 0.414 0 0 0 0.0004 0.0022 0.1504 

Fisher Butte, two burns (88 and 91)
S 0 0 0 0.078 0.892 3.356 0 0 0 0.0045 0.3424 5.390 
V2 0.286 0.328 0.106 0.060 0.018 0 0.0165 0.0063 0.0040 0.0013 0.0013 0 
V3 0.170 0.262 0.362 0.168 0.090 0 0.0086 0.0145 0.0159 0.0169 0.0026 0 
R1 0.006 0.070 0.180 0.278 0.220 0.040 0.0001 0.0032 0.0082 0.0064 0.0176 0.0064 
R2 0 0.018 0.120 0.298 0.394 0.146 0 0.0005 0.0051 0.0723 0.0102 0.0325 
R3 0 0 0.004 0.022 0.102 0.680 0 0 0.0001 0.0010 0.0135 0.0812 

Fisher Butte, three burns (88, 89, 91)
S 0 0 0 0.086 0.720 2.538 0 0 0 0.0020 0.2291 4.167 
V2 0.334 0.196 0.084 0.046 0.012 0 0.0127 0.0077 0.0049 0.0027 0.0006 0 
V3 0.146 0.326 0.496 0.106 0.056 0.028 0.0075 0.0229 0.0347 0.0178 0.0025 0.0031 
R1 0.014 0.074 0.166 0.354 0.166 0.060 0.0003 0.0018 0.0027 0.0091 0.0147 0.0064 
R2 0 0.050 0.070 0.316 0.458 0.192 0 0.0014 0.0029 0.0308 0.0166 0.0013 
R3 0 0 0.018 0.046 0.142 0.632 0 0 0.0003 0.0044 0.0138 0.0279 
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S or V2 growing to R2 or R3 stages.  The loglinear analyses (Table 2.2) suggest that fates

of individuals in each of the six stages were affected by the burning treatments

(P<0.0001) and the locations of the populations (P<0.0001).  There was no evidence of

an interaction between treatment and location (P=0.9697).

In unburned environments at both sites, the most likely transition for all stages

was survival in the same stage-class (matrix diagonals, Table 2.3) or decline in size.  At

Rose Prairie, stasis was most likely for V2 through R1 plants, while shrinkage to the next

smaller stage class was most probable for R2 and R3 reproductive plants.  Similarly, at

Fisher Butte stasis was most likely for all stages except R2, which most frequently

regressed one stage.  Plants in burned environments most often remained the same or

grew one stage.  For example, plants remained the same size more often than any other

transition in both fire treatments at Rose Prairie, except for V3 and R1 plants, which were

most likely to grow one stage in the two-burn and three-burn treatments, respectively. 

Average matrices for the burn treatments at Fisher Butte also showed that stasis was the

single most likely transition, except for one-step growth of R1 and V2 plants in the two-

burn and three-burn treatments, respectively.   

The effect of fire on individual plant fecundity (top row of the matrices, Table

2.3) was less clear, and appeared to differ between the two sites.  Mean matrices for

burned environments at Rose Prairie had higher fecundity values in most cases than those

for unburned conditions, especially for R3 plants, but plants in the two burn treatments

had very similar fecundities.  At Fisher Butte, however, fecundity of R2 and R3 plants

consistently declined with increasing fire frequency.
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Population growth rates

Both estimates of stochastic population growth rate increased with burning

frequency at Rose Prairie and Fisher Butte, but the magnitude of the fire effect differed

from site to site, and, to a lesser degree, with the method of calculating λs.  At Rose

Prairie, for example, plant abundance was projected to decline in the absence of fire, but

burning twice in six years resulted in growth rates well over 1.0.  This increase continued

in the three-burn treatment, especially for estimates from element selection (Figure 2),

indicating that burned populations were projected to increase in size.  Fire also had a

positive effect on population growth rate at Fisher Butte, but its effect was less dramatic

and a higher burning frequency was required to raise λs to 1.0.  Population growth rate in

the two-burn treatment at Fisher Butte increased over the unburned area, but remained

less than 1.0 (Figure 2), with three burns in six years required to raise λs to 1.0.  For

either method of calculating λs, we rejected the null hypothesis that fire had no effect on

λs at P=0.028 (i.e., the probability that we would observe a progressively positive effect

of burning in three treatments at two sites if the effects of fire were random was

[1/6]2=0.028).  Both measures of stochastic projection yielded roughly equivalent

estimates of λs, except for computations for burn treatments at Rose Prairie.  Growth rates

were higher when calculated by element selection in the two- and three-burn treatments

(95% confidence intervals: 1.13-1.17 and 1.18-1.20, respectively) than matrix selection

(1.03-1.08 and 1.07-1.13, respectively) at that location. 
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Figure 2.2.  Stochastic population growth rate (λs) within each site and burning treatment
for a) element selection (calculated with RAMAS/stage) and b) matrix selection
(POPPROJ2).  Each value is a median of 2,000 iterations with 95% confidence intervals.  



28

a)

0

0.2

0.4

0.6

0.8

1

0 2 3

num be r of burns

ex
tin

ct
io

n 
pr

ob
ab

ili
ty

Rose Prairie Fisher Butte

b)

0

0.2

0.4

0.6

0.8

1

0 2 3

num be r of burns

ex
tin

ct
io

n 
pr

ob
ab

ili
ty

Rose Prairie Fisher Butte

Figure 2.3. Extinction
probability in burned and unburned stochastic environments calculated through a)
element selection (calculated with RAMAS/stage) and b) matrix selection (POPPROJ2). 
All runs were 100-yr simulations iterated 1,000 times.  Initial population sizes were 800
plants, and extinction was defined as falling below 10 individuals.  Vertical lines are 95%
confidence intervals
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Extinction probability

In the absence of fire, both populations were projected to become extinct in nearly

all of the 100 year projections, regardless of our method of modeling environmental

stochasticity.  At Rose Prairie, burning twice or three times in six years lowered

extinction probability nearly to 0 (Figure 3).  Extinction probability at Fisher Butte also

declined from near certainty without fire to near 0 in prairies burned three times.  In the

two-burn treatment at Fisher Butte extinction probability was 57% under element

selection and 53% by matrix selection (Figure 3).

Elasticities

The effect of fire on elasticities differed between sites.  At Rose Prairie, the most

important transition in the unburned environment was one-umbel plants staying the same

size (elasticity=0.202), while stasis of two-umbel plants had the greatest effect on lambda

in habitats burned twice and three times (0.141 and 0.120, respectively) (Table 2.4). 

Elasticity at Fisher Butte shifted in importance from constancy of three-leaved vegetative

plants (0.170) in the unburned treatment to stasis of three-umbel plants in burned areas

(0.129 and 0.123).  For elasticities summed by stage, most confidence intervals

overlapped within a site and treatment combination, but burning appeared to decrease the

importance of mid-sized plants and increase the elasticity of small plants (Figure 4). 

These effects differed from site to site, however.  The elasticity of one-umbel plants, for

example, decreased in burned environments at Rose Prairie, while seedlings and small

vegetative plants increased in importance.  At
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Table 2.4.  Elasticities for weighted mean matrices (1988-93) for each site and burning
treatment.  Values for fertility are displayed on top rows.  Stasis values are found on the
diagonals, growth below the diagonals, and regression above (excluding fertilities).  The
transition with the highest elasticity is shown in bold for each matrix, and the bottom row
is the sum (Σ) of the upper rows for each column.

Stage at
time t+1

Stage at time t
S V2 V3 R1 R2 R3 S V2 V3 R1 R2 R3

Rose Prairie Fisher Butte
no burns

S 0 0 0 0.013 0.041 0.004 0 0 0 0.015 0.040 0.032
V2 0.015 0.012 0.005 0 0 0 0.043 0.019 0.009 0.004 0.001 0
V3 0.028 0.019 0.108 0.071 0.011 0 0.034 0.039 0.171 0.044 0.016 0.003
R1 0.016 0 0.103 0.202 0.098 0 0.009 0.011 0.078 0.098 0.048 0.002
R2 0 0 0.020 0.134 0.060 0.014 0 0.007 0.043 0.073 0.056 0.010
R3 0 0 0 0 0.018 0.011 0 0 0.005 0.013 0.028 0.051
total Σ 0.058 0.032 0.236 0.418 0.228 0.029 0.086 0.076 0.306 0.246 0.189 0.097

two burns (1988 & 91)
S 0 0 0 0.016 0.104 0.024 0 0 0 0.004 0.042 0.052
V2 0.083 0.047 0.006 0.005 0.002 0.001 0.051 0.033 0.013 0.004 0.002 0
V3 0.043 0.054 0.041 0.016 0.020 0.001 0.044 0.047 0.068 0.021 0.012 0
R1 0.018 0.013 0.053 0.046 0.033 0.003 0.003 0.017 0.055 0.049 0.046 0.002
R2 0 0.020 0.075 0.077 0.141 0.010 0 0.006 0.051 0.077 0.089 0.015
R3 0 0.009 0 0.006 0.024 0.013 0 0 0.005 0.018 0.047 0.129
total Σ 0.143 0.142 0.175 0.166 0.323 0.051 0.098 0.103 0.191 0.171 0.238 0.199

three burns (1988, 89, & 91)
S 0 0 0 0.018 0.106 0.020 0 0 0 0.004 0.034 0.060
V2 0.092 0.044 0.002 0 0.001 0 0.055 0.018 0.013 0.002 0.001 0
V3 0.027 0.036 0.049 0.029 0.007 0.002 0.038 0.044 0.087 0.018 0.007 0.001
R1 0.016 0.032 0.051 0.062 0.061 0.000 0.005 0.015 0.055 0.057 0.034 0.008
R2 0.008 0.010 0.048 0.114 0.120 0.005 0 0.012 0.029 0.067 0.100 0.022
R3 0 0.016 0 0 0.010 0.015 0 0 0.011 0.026 0.055 0.123
total Σ 0.143 0.139 0.150 0.222 0.305 0.041 0.098 0.089 0.194 0.174 0.230 0.214
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Figure 2.4.  Stage-summed elasticities for populations in burned and unburned
environments at a) Rose Prairie and b) Fisher Butte based on weighted mean matrices
from six years of observations.  Error bars represent bootstrapped 95% confidence
intervals.
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Fisher Butte, the elasticity of large vegetative (V3) plants decreased in burned

environments, but the impact of seedlings and small vegetatives (V2) on population

growth rate was unaffected by fire. 

Seed bank analysis

No viable seeds were encountered in sieved-soil samples from four Lomatium

bradshawii populations.  Fewer than one fruit per sample was detected at all sites, and no

fruits were encountered at Fisher Butte (Table 2.5).  Some fruits were discovered intact,

but these either contained no embryo or the embryo was not viable.  The remaining fruits

(0-67%) were decayed and/or broken and contained incomplete embryo tissue, if any.

DISCUSSION

In the absence of fire, Lomatium bradshawii did not maintain populations with

projected long-term viability.  Unburned populations of L. bradshawii at two locations

had individual vital rates dominated by stasis and regression to smaller stages.  Stochastic

projections estimated growth rates below 1.0 and very high probabilities of extinction

(97%–100%).  Fall burning, in contrast, had several positive effects despite considerable

environmental stochasticity.  For example, stasis and growth to larger stage classes

dominated vital rates in burned populations, and seedling survival
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Table 2.5.  Fruits encountered in soil samples from four Lomatium bradshawii
populations.  Samples (N) were taken after seedling emergence and before fruit dispersal
to detect a persistent soil seed bank.

Mean (1 SE) number fruits Intact Decayed Viable
Site N per sample per m2 (%) (%) (%)
Fisher Butte 20 0.00 (0.00) 0.00 (0.00) 0 0 0
Rose Prairie 18 0.06 (0.05) 1.50 (1.25) 100 0 0
Long Tom 15 0.13 (0.09) 3.25 (2.25) 100 0 0
Buford Park 20 0.60 (0.22) 15.0(5.5) 33 67 0

increased relative to unburned plots.  Stochastic population growth rates increased,

especially in the treatment with highest fire frequency (three burns in six years).  Burning

twice in six years was sufficient to raise growth rates over 1.0 at Rose Prairie but not

Fisher Butte.  At the latter site, stable to positive growth rates were observed only in plots

with three-burns in six years.  Extinction probability declined in burned plots, dropping

to near 0 at Rose Prairie in both burn treatments.  At Fisher Butte, the population burned

twice in six years had a 53%-57% chance of extinction (depending on our method of

modeling environmental stochasticity), while the population that was burned three times

had almost zero extinction risk in 100-yr simulations.  

Regardless of which method was used to incorporate stochasticity, population

growth rates consistently increased in burned vs. unburned habitats (Figure 2) and

extinction risk declined in these treatments (Figure 3), with the estimates of these values

becoming nearly identical between methods in most cases.  Apparently, any within-

population correlation structure between matrix elements that these populations had was

not sufficient to alter results relative to models that allowed the elements to vary
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independently.  This may not always be the case, and an earlier comparison of the two

methods using RAMAS/stage and POPPROJ with data from another rare plant species

showed substantial differences in extinction estimates with 25-yr projections (Greenlee

and Kaye 1997).  Additional comparisons of these techniques and assessments of matrix

element correlation are needed to evaluate the widely held concerns of population

modelers that such correlation structure is common and affects the results of stochastic

matrix model simulations (Caswell 2000, Menges 2000).

The risks of extinction determined here for Lomatium bradshawii are comparable

to results obtained for other plant species with similar population growth rates and

environmental stochasticities.  Menges (1992b) applied various levels of environmental

stochasticity to published transition matrices for eight plant species, and concluded that a

'moderate' level of environmental stochasticity (mean to variance ratio.0.01) was

sufficient to limit growth of populations with λ<1.05, but populations with λ>1.12 were

not restrained by even “extreme” levels of stochasticity (ratio.0.3).  The observed

environmental stochasticities for L. bradshawii are in the range that Menges considered

“moderate” to “strong.”  Our estimates of extinction probability were high (53%-100%)

for populations with λ<1.05, and low (0%-1%) for those with λ>1.12, as might be

expected from Menges’ results, suggesting that lambda and environmental stochasticity

interact to control extinction probability in predictable ways (Tuljapurkar and Orzack

1980, Lande and Orzack 1988, Lande 1993). 

Density dependence was not incorporated into our models of Lomatium

bradshawii population dynamics.  It is possible that our low estimates of extinction
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probability for burned populations with positive growth rates were overly optimistic

because high densities would eventually reduce plant survival and fecundity and thus

limit population growth.  Under this scenario populations would be kept relatively small

and vulnerable to stochastic declines.  Our pilot tests with population ceilings, however,

suggested that limiting population size did not increase extinction risk.  On the other

hand, declining populations could experience both positive and negative effects of

density dependence.  For example, as densities declined survival could have increased,

but fecundity could have either increased due to lowered intraspecific competition or

decreased due to Alee effects.  Since the relative strengths of these forces are unknown

for L. bradshawii, their effects on extinction probability are also uncertain.  However, our

observations of this species suggest that as density declines the gaps created by missing

plants are filled by aggressive interspecific competitors, thus lessening benefits of

lowered intraspecific density.  Reduced fecundity and progeny fitness at low densities

could occur in this species, and this would tend to increase extinction risk over the

estimates presented here.

Attempts to validate transition matrix models of plant population dynamics are

few and have yielded mixed results.  A stochastic model based on random selection

between two matrices failed to predict population size fifteen years later (Bierzychudek

1999), but an element selection model from four years of observation estimated

population size very well after seven years (Kephart and Paladino 1997).  No validations

of long term (e.g., 100-yr) projections from matrix models have been attempted, for

obvious reasons.  Beissinger and Westphal (1998) suggest that qualitative conclusions
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should be emphasized over the quantitative results of population viability analyses, and

we concur.  Without validation and inclusion of population processes like density

dependence and demographic stochasticity, the relative predictions of our models, i.e.,

burning improves population growth rate and lowers extinction risk, should be

emphasized over the absolute estimates of these parameters.

Elasticities

Fire appeared to shift stage-specific contributions to population growth rate, but

these effects differed from site to site.  At Rose Prairie, fire appeared to decrease the

importance of seedlings and small vegetative plants and increase the contribution of one-

umbel reproductive plants (Table 2.4 and Figure 2.4).  Burning at Fisher Butte, on the

other hand, decreased the importance of large vegetative plants.  In terms of demographic

functions, burning at Rose Prairie increased the importance of fertility and growth, and

lowered the elasticities for regression and stasis, but had little effect on these processes at

Fisher Butte.  The observed site-differences in response to burning shown by Lomatium

bradshawii are not surprising, given the spatial variability in demographic processes

observed in many other herbaceous species that have been modeled with transition

matrices (e.g., Sarukhan and Gadgil 1974, Bierzychudek 1982, Meagher 1982, de Kroon

et al. 1987, van Groenendael and Slim 1988, Menges 1990, Gregg 1991, Horvitz and

Schemske 1995, Silvertown et al. 1996, Oostermeijer et al. 1996, Kephart and Paladino

1997).  What is noteworthy in this case, however, is that the effect of fire on individual
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stages and demographic processes differed somewhat among locations, but the trend

toward improved population viability did not.

Silvertown et al. (1993) analyzed elasticities from 45 herbaceous species and 21

woody plants, and concluded that these two life-history strategies are significantly

different in terms of the importance of growth, survival, and fecundity to population

growth.  The elasticities of Lomatium bradshawii for these processes are well within the

ranges observed for herbaceous species, and are typical of herbaceous plants of open

habitats (Silvertown et al. 1993).  In addition, the relative importance of growth and

survival may be typical of species with life-spans similar to Lomatium bradshawii.  In a

review of five tree species, Caswell (1986) suggested that survival may be most

important for long-lived, slow-growing species in general, and Silva et al. (1991) argued

that growth may be most important in short-lived, fast-growing species, such as annuals,

biennials, and short-lived perennials.  Indeed, the relative importance of growth and

survival appear to be related to individual longevity (Enright et al. 1995).  For L.

bradshawii, survival and growth had nearly equal elasticities at Fisher Butte, while at

Rose Prairie, growth was more important than stasis (but only in burned plots); fire had

no consistent effect on these parameters.  Therefore, we suggest that for intermediate life-

spans and growth rates (such as many iteroperous herbs), neither growth nor survival are

consistently more significant to population growth.  This concurs with the observation of

Silvertown et al. (1993) that, on average, elasticities for growth (0.439±0.183) and

survival (0.398±0.256) are nearly equal for herbs.
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Elasticities identify individual transitions and stages where small errors in

transition rate estimates will cause relatively large changes in projected population

growth.  In some of our matrices, large reproductive (R3) plants had high elasticities, and

their transition rates were calculated from observations of relatively few plants (resulting

in large bootstrapped confidence intervals for that stage; see Figure 4).  Therefore, larger

sample sizes for this stage could lower measurement error and might alter our results.

Elasticities also have important implications for conservation and management

because they identify crucial life-history stages where scarce management resources may

be targeted for maximum benefit.  For example, if fire could not be applied to a particular

population because of the risk of burning adjacent property, elasticities from unburned

sites suggest that focusing on large vegetative (V3) or small reproductive (R1) plants to

improve conditions for those stages (e.g., removing interspecific competitors) would

yield a faster growing population than equal improvements to other stages.  Recent

studies suggest that this type of assessment from a mean transition matrix should be

treated with caution, however (Benton and Grant 2000; Heppell et al. 2000).   For

example, Wisdom et al. (2000) showed that the relative rank of individual elasticities

may be unstable when demographic uncertainty, variation, and covariation are

incorporated into matrix simulations.  Our elasticities are bounded by boot-strapped

confidence intervals (Figure 4), which provide a measure of uncertainty for their

estimate, but they do not account for factors like covariation among vital rates.

Seed bank



39

Our data indicate that Lomatium bradshawii does not maintain a persistent soil

seed bank.  Even though some fruits survived at least one year in the soil, the seeds

within them were not viable (Table 2.5).  Absence of a soil seed bank may be typical for

other Lomatium species, as well.  For example, 98.5% of all L. dissectum seeds

distributed in artificial piles were either removed by postdispersal seed predators, died of

other causes, or germinated within 43 weeks of dispersal (Thompson 1985).  Similar seed

losses were observed for L. triternatum in a different component of the same study, and

the author concluded that seed survival for more than one year was unlikely for these

species.  Although it is possible that larger sample sizes in our study might have detected

some viable L. bradshawii seeds, our sample strategy maximized the likelihood of

detecting seeds by sampling in close proximity to reproductive plants following a year of

relatively high seed production (T.N. Kaye, unpublished data).  Even if some viable

seeds persist for more than one year, they apparently do so in such low numbers as to be

of little significance to the population.  Therefore, modeling L. bradshawii population

dynamics without a soil seed bank seems reasonable. 

Ecological and conservation implications

Prior to Euro-American settlement, Willamette Valley prairies were probably

burnt annually in the fall by Kalapuya Indians to promote food plants and game (Boyd

1986, 1999).  Very little information is available to document the extent or patchiness of

individual past fires, but these burns were apparently very large, covering several

hundred ha (Douglas, 1914).  Open dry prairies may have burned almost every year, and
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wetland prairies and canyons on north slopes were probably exposed to somewhat less

frequent blazes.  In the absence of fire, native prairies in western Oregon are invaded by

shrubs and forest vegetation dominated by Quercus garryana, Pseudotsuga menziesii,

Pinus ponderosa, Abies grandis, or Fraxinus latifolia (Franklin and Dyrness 1988,

Streatfield and Frenkel 1997).  The historic dependence of prairie habitat on burning

suggests that the distribution and evolution of Lomatium bradshawii is related, at least in

part, to long-term Native American cultural practices, and the decline of this species has

been aggravated by habitat loss and fire suppression by post-settlement residents. 

Therefore, even populations that occur in protected areas, such as wildlife refuges and

habitat preserves, are vulnerable unless woody vegetation is controlled and fire or some

other management technique is used to enhance population growth.  In some cases, more

aggressive methods than fire may be required to remove woody vegetation, such as at

Long Tom ACEC, where hardwood trees (Fraxinus latifolia) shade the herbaceous

vegetation and L. bradshawii is projected to decline despite frequent burning (Kaye et al.

1994).

Burning may have several effects on prairie communities, any of which could

contribute to the positive changes observed for Lomatium bradshawii.  Burning is widely

believed to deliver a pulse of nutrients to soil and plants (Bond and van Wilgen 1996), at

least in the first 1–2 years after a fire (Kucera and Ehrenrich 1962, Old 1969, Ojima et al.

1994).  Pendergrass et al. (1998) suggest that burning Willamette Valley prairies

consumes thatch and standing biomass, creating bare areas suitable for plant growth and

establishment.  Voles, which can be significant herbivores of Lomatium bradshawii
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(Kaye, personal observation; A. Drew, Oregon State University, unpublished data), are

negatively affected by prairie fires through short-term reduction in food-plants and

hiding-cover making them vulnerable to predators (e.g., Vacanti and Geluso 1985).  In

addition, heat and smoke from burns can stimulate seed germination in many fire-adapted

species (Keeley and Fotheringham 1997), although the effect of fire on L. bradshawii

seeds is unknown.  These factors and others, either alone or more likely in combination,

may drive the positive effects of fire observed in this study.

The value of controlled burns as a management tool for native vegetation and

individual plant species in Willamette Valley prairies has already been described

(Pendergrass 1995, Pendergrass et al. 1998, Streatfield and Frenkel 1997, Maret and

Wilson 2000).  Crown-size, umbel number, and seed production of L. bradshawii plants

increases significantly in areas subjected to fire compared to plants in unburned areas

(Pendergrass et al. 1999, Finley and Kauffman 1992).  Our analyses with matrix models

drawn from six years of population observations demonstrate that controlled fires may

enhance the population viability of this species, not just individual plant size

characteristics.  

These results were qualitatively consistent among two locations with similar

hydrology and soils, but the applicability of these results to other populations of

Lomatium bradshawii is unknown, and our models have not been validated for them. 

Differences in the relative abundance of each stage, plant community composition, past

management, seasonal precipitation, soil depth, hydrology, and fire behavior could affect

the response of specific populations to controlled burns.  Pendergrass et al. (1998)
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reported that the 1988 burns produced greater heat per unit area and consumed more total

biomass at Fisher Butte than Rose Prairie, while the 1989 burns were similar at the two

locations but were more spotty than the year before.  Also, although a Deschampsia

cespitosa community-type was widespread at both sites, a Vaccinium cespitosum type

was present only at Rose Prairie and a Rosa nutkana/Juncus nevadensis community

occurred only at Fisher Butte (Pendergrass 1995).  These patterns and other site

dissimilarities may account for some of the quantitative differences in fire response

between the study populations, such as higher λs at Rose Prairie after burns, differences

in fecundities and elasticities, and opposite changes in some transition rates between the

two sites (e.g., the R2 to R3 transition probability decreased with burning at Rose Prairie

but increased after fires at Fisher Butte [Table 2.3]).  It is likely that other populations of

L. bradshawii would also exhibit variations in population-level responses due to variation

in fire behavior and other site differences.  

Fire may not be the only disturbance with positive effects on this species.  The

presence of populations in areas like Rose Prairie and Fisher Butte, where fires have been

suppressed for many years yet the populations are still extant, suggests that other

disturbances may have occurred in these areas to keep the habitat suitable for Lomatium

bradshawii.  Mowing, livestock grazing, floods, and other actions could conceivably

benefit the species’ population growth and should be explored as alternatives to

controlled burning for managing western Oregon prairie remnants, especially in areas

with fire-adapted weeds.



43

Conclusion

Fire and location had significant effects on stage-specific transitions, and

stochastic projection models indicated that burning had a positive effect on the

population viability of Lomatium bradshawii.  Transition matrix models derived from

field experiments with fire in L. bradshawii habitat indicated that populations of this

species will decline in the absence of burning, and may grow if burnt two or three times

in six years, depending on the location.  Further, extinction probability in 100-yr

simulations declined from near certainty without fire to very low odds under these

burning frequencies.  These results contribute to our ability to manage western Oregon

prairies, their constituent species, and L. bradshawii in particular.  They serve as one of a

few available examples of stochastic matrix modeling used to compare management

treatments for promoting rare plant populations (Oostermeijer 1996, Lesica 1997, Gross

et al. 1998,  Menges and Dolan 1998).  This approach has widespread applicability for

assessing management actions for rare species, especially when proposed habitat

alterations can be tested for two to several years prior to large-scale implementation.
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