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EXECUTIVE SUMMARY

I. Short-Term Impacts of the 24 Command Fire on Vegetation of the Arid Lands
Ecology Reserve.

The 24 Command Fire burned across the Fitzner-Eberhardt Arid Lands Ecology (ALE)
Reserve of the Hanford Reach National Monument and surrounding lands between June
27" and July 2" 2000. The effects of the wildfire on native and alien plant species and
their communities on the ALE Reserve were monitored during spring and early summer
(March-July) each year from 2001 to 2004. Monitoring efforts concentrated on the
resampling of three different sets of permanent vegetation plots on the Reserve for which
detailed pre-fire vegetation data were available. Additional methods, including two new
series of plots, were added to sampling protocols to facilitate tracking the abundance and
distribution of the alien annual cheatgrass (Bromus tectorum).

Invasive Species. After undergoing dramatic reductions immediately following the 24
Command Fire, measures of cheatgrass abundance matched or exceeded pre-fire levels in
most of the habitats sampled by 2003 or earlier. Overall percent cover of cheatgrass in
2004 (10.3% =+ 11.4 SD) was statistically similar to pre-fire cover (8.8% + 15.4 SD; P =
0.363; Fig. S1). This pattern of dramatic decline followed by rapid recovery to levels of
abundance equal to or greater than pre-fire values is a signature pattern of cheatgrass
populations following wildfire. The only areas where cheatgrass cover still appeared to
be reduced relative to pre-fire values lay in former big sagebrush stands on sandy soils.
Overall percent frequency of cheatgrass in 2004 (68.1% + 34.2 SD) was significantly
greater than pre-fire frequency in most major habitat types, suggesting that the species
was more evenly distributed within plots and was perhaps more ubiquitous on the
landscape than prior to the fire (Fig. S2).

Stem density, the measure of plant stems per unit area, provides additional detail
to the picture of cheatgrass responses to the 2000 fire. No pre-fire density data were
available from vegetation plots to allow for the same comparisons made with percent
cover and frequency. However, close correlations between cheatgrass cover and density
in all other years suggest that low densities in 2001 represented a considerable reduction
in this parameter compared to pre-fire conditions. Post-fire comparisons of densities
between unburned refugia and adjacent burned areas support this conclusion. Densities
in vegetation plots increased by 4-10 times between 2001 and 2002 and, after leveling off
in 2003, increased again in 2004 (Table S3). This overall increase in density in 2004 was
driven by dramatic increases in former big sagebrush and winterfat stands, which
increased from 297.7 stems/m? (+ 399.2 SD) to 547.9 stems/m? (+ 582.0 SD) between
2003 and 2004 (P = 0.002), while density in other habitats remained fairly stable.

Cheatgrass abundance was not uniform across the ALE landscape. Cheatgrass
was strikingly less abundant in vegetation plots at elevations above 1400 ft. (427 m).
These sites support relatively productive native perennial plant communities that are
considerably higher in total percent cover and species richness of native perennials than
habitats at lower elevations. Higher precipitation and more moderate growing season



temperatures in these habitats may promote greater resilience in these more nearly closed
stands in the aftermath of wildfires and other disturbances. The high percent cover of
native perennial vegetation was correlated with reduced cover of cheatgrass and may
indicate a degree of competitive control of cheatgrass abundance.

Characteristics of the winter environment at higher elevations may also contribute
to reduced performance by cheatgrass. A critical advantage of this invasive winter
annual is its capacity for root growth during the cool months of winter when soil moisture
is less limiting and native perennial species are dormant. The progressively lower
temperatures and lengthening periods of persistent snow cover that are associated with
increasing elevation probably reduce this competitive advantage. Over-winter mortality
of fall-germinating seedlings, reduced productivity of survivors, and delayed germination
of spring-germinating seedling cohorts may all be significant consequences of winter
conditions

At lower elevations, cheatgrass abundance remained lower than pre-fire values in
2004 where big sagebrush stands occurred on sandy soils. Cheatgrass cover was still only
54 % of pre-fire values in these habitats four years after the 24 Command Fire, in contrast
to other sites where cheatgrass cover had returned to pre-fire values much earlier. The
coarse texture of sandy soils allows moisture from winter storms to penetrate quickly
through surface layers. This characteristic renders these sites less favorable for winter
growth of cheatgrass seedlings than silt loam soils, which hold moisture nearer to the soil
surface where it is more available to seedling roots. While recolonization is slower on
these sites, high cheatgrass abundance in pre-fire data underscores this invader’s ability
to dominate such sites over the long term.

The invasion of cheatgrass into shrub-steppe sites initiates changes in critical
ecosystem properties such as community structure, species diversity, and moisture and
nutrient regimes. Cheatgrass exploits the niches previously occupied by native annual
plant species, outcompetes the seedlings of perennials, smothers microbiotic crusts, and
disrupts mycorrhizal associations. Its winter annual habit alters seasonal patterns of
production and adds uncharacteristically large amounts of dead above- and below-ground
biomass to the ecosystem annually. This copious addition of litter contributes to
smothering effects and precipitates changes in soil chemistry and in the composition and
diversity of soil invertebrate and microbial communities. Areas dominated by cheatgrass
are associated with declining habitat value for mammals and birds. The annual buildup
of a continuous mat of dry litter contributes to increases in the frequency, extent, and
severity of wildfires, which reinforces the trends outlined above. Wildfires contribute to
the wholesale alteration of the ecosystem and increasing dominance of cheatgrass by
altering the availability and distribution of nutrients and by further reducing the vigor and
continuity of native vascular plant and microbiotic crust communities.

The interaction of cheatgrass and wildfire in the arid west resulted in the
conversion of millions of acres of shrub-steppe habitats to alien annual grasslands within
the last century. Once converted, these habitats have persisted as annual grasslands for a
half-century or longer without exhibiting any trend towards recolonization by native
species or recovery to a condition of dominance by native perennials.



Alien annual forbs are also common and widespread across all major habitat types
on the ALE Reserve. The abundance and distribution of alien annual forbs increased
substantially following the 24 Command Fire. While overall cover and frequency of
alien annual forbs were highest in 2003, abundance values for tumble mustard
(Sisymbrium altissimum), Russian thistle (Salsola kali), and storksbill (Erodium
cicutarium) in 2004 were still significantly greater than pre-fire values, and the number of
plots in which these species were recorded represented a 4- to 6-fold increase over pre-
fire distributions. These species do not of themselves threaten ecosystem integrity in the
way that cheatgrass does, but they are frequently cited as paving the way for the
proliferation of cheatgrass in sequences of plant succession following wildfire.

Native plants and communities. The 24 Command Fire had substantial impacts at all
structural levels within stands of Wyoming big sagebrush (Artemisia tridentata ssp.
wyomingensis) on ALE. Changes in stand structure, species abundance, and community
composition were strongly evident four years after the wildfire, and the impacts of these
changes will affect ecosystem processes and habitat quality for many years to come.

Both Wyoming big sagebrush and spiny hopsage (Atriplex [= Grayia] spinosa)
were nearly entirely removed from within the footprint of the 24 Command Fire (Fig.
S4), and the portions of stands that escaped the fire are small and fragmented. The 24
Command Fire consumed most of the last remaining high-quality, large, and contiguous
stands of big sagebrush within the ALE Reserve, continuing a trend of the past three to
five decades that has seen large-scale wildfires consume nearly all of the shrublands that
once dominated the Reserve. The loss of these keystone shrub species over wide areas on
the ALE Reserve is exacerbated by the lack of significant natural sources of sagebrush
seed over most of the affected area, and by the vanishingly small rate of reproductive
success of spiny hopsage in the Columbia Basin in recent decades.

The removal of large deep-rooted shrubs from shrub-steppe habitats alters
important ecosystem functions such as water utilization and storage, biological
production, and nutrient cycling, and reduces habitat value for large and small mammals,
birds, and terrestrial invertebrates. Sagebrush-obligate wildlife species such as the
greater sage grouse (Centrocerus urophasianus), sage sparrow (Amphispeza belli),
loggerhead shrike (Lanius ludovicianus), and other species require big sagebrush habitat
for shelter, nest sites, food, or habitat for prey species, while many other shrub-steppe
species are most common and abundant in the vicinity of expansive big sagebrush
habitats.

These former Wyoming big sagebrush or big sagebrush-spiny hopsage habitats on
the ALE Reserve will not recover without extensive and persistent restoration efforts.
The same factors that make unassisted recovery unlikely — the semiarid climate of south
central Washington, the high frequency of wildfires, and the potential for increase of
cheatgrass and other invasive species — will present extreme challenges to the restoration
and long-term maintenance of these critical habitats.

Impacts of the 24 Command Fire within shrublands on ALE were not limited to
the canopy layer. All other structural layers of the big sagebrush plant community —
hemishrubs, grasses, forbs, and microbiotic crusts — exhibited evidence of decline and
mortality beyond that experienced in other community types. Recovery of native



perennial vegetation in former big sagebrush shrublands was still far below pre-fire levels
in 2004. In a few places perennial forbs such as Carey’s balsamroot (Balsamorhiza
careyana) and Cusick’s sunflower (Helianthus cusickii) became abundant during the
springs of 2003 and 2004. In most cases, however, increases in the abundance of
perennial forbs and hemishrubs amounted to only a few percent in absolute cover and
failed to compensate for large declines in perennial grasses and the complete absence of
dominant shrubs.

In the absence of significant cover by perennial plant species, tumble mustard and
other disturbance-oriented annual forbs have colonized many of these sites, although
cover remains sparse in many areas. Cheatgrass cover and frequency have increased
annually since 2001 in these burned-over sagebrush stands, and density also increased in
2004, underscoring serious concerns about the trajectory of ecological succession on
these habitats.

Like the loss of keystone shrubs and understory perennials, substantial loss of
topsoil through erosion would represent the crossing of another ecosystem threshold from
which recovery could be effected only at great expense and over a very long period of
time. The potential for soil erosion on these heavily impacted sites has apparently been
moderated to some degree by the establishment of annual vegetation and the slow
recovery of perennials since 2000. Very few observations of dust storms, dust devils,
sand over roadways, and other evidence of mass movement of soil particles were made in
2003 and 2004 compared to the two years immediately following the fire. However, the
potential for long-term degradation and erosion of surface soils will remain so long as
perennial vegetation and microbiotic crust do not reclaim the heavily impacted former big
sagebrush stands.

Threetip sagebrush (Artemisia tripartita) shrublands did not exhibit the same
degree of impact upon the associated herbaceous understory, except within limited areas.
Fuel loads likely were lower in these stands than in the big sagebrush communities.
Since these stands occur in more mesic habitats, at higher elevations and on northerly
aspects, community resilience is favored in these sites compared to lower elevation
shrublands. Threetip sagebrush stands may recover structural characteristics more
quickly than big sagebrush stands, since A. tripartita is capable of resprouting from
crowns following wildfire. Nevertheless, canopy cover in threetip sagebrush stands were
still significantly below pre-fire levels in 2004 (Fig. S4), and Wyoming big sagebrush,
historically a common associate of threetip sagebrush in these habitats, was almost
entirely missing from these habitats.

Stands of winterfat (Eurotia lanata) in our samples suffered dramatic declines in
the shrub canopy following the 24 Command Fire (Fig. S4). As in the big sagebrush
habitats, shrub mortality was associated with high mortality of perennial grasses and
reduced percent cover of perennial grasses and forbs in the understory. Percent cover and
density of cheatgrass in winterfat stands on the ALE Reserve have increased substantially
since 2001. Unlike threetip sagebrush stands, winterfat communities occur at lower
elevations where the warmer, drier conditions are less favorable for the recovery of
perennial vegetation. Winterfat communities are in decline in the Great Basin where
winterfat reproduction appears to be threatened by competition from invasive annual
plant species. Population trajectories for this species in south central Washington are not



well known, but the characteristic winterfat/ Sandberg’s bluegrass community is
uncommon in the lower Columbia Basin, occupying less than 1100 acres on the ALE
Reserve prior to the 24 Command Fire.

Bluebunch wheatgrass (Agropyron spicatum) is the dominant large bunchgrass
over most of the middle and upper slopes of ALE. Overall cover of bluebunch
wheatgrass has increased substantially since 2001 (Fig. S5), but in 2004 was still
significantly below pre-fire levels. Successive wildfires at short intervals will gradually
reduce the vigor of bluebunch wheatgrass and other native bunchgrasses, especially when
associated with increased competition from cheatgrass and other invasive species.
Cheatgrass seedlings outcompete the seedlings of native bunchgrasses, preempting the
establishment of new cohorts that would replace weakened or senescent individuals.

Needle-and-thread (Stipa comata) and Idaho fescue (Festuca idahoensis) tend to
be more sensitive to fire damage than bluebunch wheatgrass, and both species suffered
more severe losses of above-ground cover, exhibiting only limited recovery by 2004 (Fig.
S5). Sandberg’s bluegrass (Poa sandbergii) is relatively tolerant of wildfire and was the
least affected of the native bunchgrasses. This cool season perennial sustained only
moderate losses following the 24 Command Fire, and had recovered to pre-fire levels by
2002. However, where fire severity was high, as in stands of big sagebrush or winterfat,
even Sandberg’s bluegrass exhibited mortality and post-fire declines in abundance.

The condition of the bluebunch wheatgrass grasslands varied across the Reserve,
with habitats above 1000 — 1200 ft. (305 -365 m) tending to be in better condition than
those below this range. The herbaceous component in many mid-elevation stands
appeared to be headed towards recovery in 2004. The best of these stands may approach
the condition they were in immediately before the 24 Command Fire within the next few
years. Stands below 1000 ft. were in the poorest condition in terms of cheatgrass
abundance and the virtual absence of microbiotic crusts. The prospect of recurring
catastrophic wildfires and resultant stepwise increases in cheatgrass abundance prompt
concerns about ecosystem integrity, despite the recovery of perennial bunchgrasses.
From a long-term perspective, key elements of the shrub-steppe ecosystem, such as large
shrubs and microbiotic crusts, are still missing or in poor condition in all of these habitats
and will require extensive and persistent restoration efforts if these habitats are to again
approach historical levels of productivity and wildlife habitat value.

Owing to increased moisture, lower evaporative demand, and fewer woody fuels,
herbaceous plant communities at elevations greater than 1400 ft. (427 m) elevation
appeared to be more resilient than those at lower elevations. This effect was especially
apparent above 2000 ft (610 m). Invasive species, although still present, also occupy a
smaller proportion of the landscape at higher elevations. These two factors taken
together suggest that higher elevation communities have the best chance of recovery to
the conditions that pertained prior to the 24 Command Fire. However, the absence of
significant stands of big sagebrush or threetip sagebrush in these habitats indicates
unfilled roles in the ecological community, which signal lower biological production and
reduced wildlife habitat value in these sites compared to historical conditions and site
potential.



Microbiotic soil crusts (MBC) are extremely sensitive to wildfire and percent
cover of MBC on ALE was greatly reduced in all habitat types following the 24
Command Fire (Fig. S6). The most dramatic reductions in crust abundance occurred in
shrublands, where MBC was almost entirely eliminated. Changes in the abundance of
MBC following wildfire are accompanied by changes in crust community attributes such
as crust thickness, biomass, species composition, and species diversity. Degradation of
MBC adversely affects its critical ecological roles in soil stabilization, resistance to
biological invasion, and other functions. The assessment of crust recovery based solely
on visual surface cover, as in this study, fails to account for these and other critical
attributes, and may greatly underestimate recovery time.

The condition of microbiotic crusts across the ALE Reserve is generally poor.
Even areas that currently support extensive cover of MBC are characterized primarily by
rudimentary crust assemblages in early stages of recovery from disturbance. Biological
crusts exhibiting the dark coloration, species diversity, and complex microtopographic
relief characteristic of mature crusts are found only in a few unburned refugia.

Recommendations. Assessment of post-fire patterns of cheatgrass abundance as
outlined in this study can help to identify top priority areas where restoration will be most
effective and is most urgently needed. While no habitats on the ALE Reserve appear to
be immune to cheatgrass invasion, environmental and plant community characteristics
may confer a degree of resistance upon some types of habitats. Following wildfires in
big sagebrush stands, a brief window of opportunity may be available for restoring native
perennial plant species with minimal competition from cheatgrass. Restoration efforts
that take advantage of this opportunity can minimize site preparation expenses dedicated
for invasive species control, while at the same time minimizing risks of herbicide effects
on desirable remnant native species. Following the 24 Command Fire, this opportunity
appeared to last only for a single season on finer-grained silt-loam soils. Where
sagebrush stands were cleared on sandy soils, however, restoration opportunities
appeared to exist even four years following wildfire.

A truly accurate portrayal of abundance and condition of microbiotic crusts on the
ALE Reserve will require the work of specialized crust ecologists. No technology exists
for the restoration of microbiotic crusts at a landscape scale. The few remaining areas of
undisturbed crusts on ALE and across the Monument represent irreplaceable reference
stands and refugia of biodiversity. Measures for the protection of selected areas of high
quality biological crusts should be explicit in fire management plans and in other
resource protection plans.

Monument managers must have timely information regarding habitat condition
and the status of invasive species populations in order to adaptively manage at-risk
habitats. Additional management intervention is likely to be required in former
sagebrush stands between the Gate 117 and Gate 118 roads, and in winterfat stands on the
lower slopes above the Cold Creek Valley. In these areas continued monitoring of a
portion of the network of permanent plots used in this study is strongly recommended.
Continued monitoring of cheatgrass abundance and the status of native perennial plant
communities is necessary to provide timely indication of habitat condition and to allow
managers to evaluate levels of threat to resources and to respond appropriately.
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The Hanford Reach National Monument is fortunate to have a system of reference
vegetation plots against which to measure ecosystem change. The analyses contained
within this report would not have been possible without the existence of a network of
permanent vegetation plots on the ALE Reserve and the availability of relevant pre-fire
data from those plots.

A portion of this network -- permanent plots established under the Hanford Site
Biological Resources Management Plan (BRMaP) -- extends across the Monument, on
lands currently managed by the Department of Energy (DOE) as well as those managed
by USFWS. Periodic resampling of these plots will help management to evaluate trends
in habitat condition and invasive species populations, as well as to update baseline
information in advance of potential wildfires or other disturbances, or climatically
induced vegetation change. It is strongly recommended that the USFWS and DOE, in
concert as co-managers of the Hanford Reach National Monument, make certain that
these plots are located and resampled within the next one to two years, and that
resampling of these plots thereafter become part of a periodic effort. Installation of
additional plots may be necessary to ensure adequate coverage of the Monument’s critical
resources.

Effective monitoring programs are essential to the adaptive management of
natural resources and contribute to budgetary efficiencies when threats to resources are
identified at an early stage. A pool of capable volunteers, including individuals who
made strong contributions to the data collection efforts recounted in this volume, is
available in the Columbia Basin to assist in monitoring endeavors.
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Fig. S1. Changes in percent cover of cheatgrass (Bromus tectorum) on the ALE Reserve
following the 24 Command Fire. Bars = 1 standard deviation. 2004 values with
accompanying script letter are statistically greater than pre-fire values (P < 0.005).

* Category includes winterfat plots (n = 3).
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Fig. S2. Changes in percent frequency of cheatgrass (Bromus tectorum) on the ALE
Reserve following the 24 Command Fire. Bars = 1 standard deviation. 2004 values with
accompanying script letter are statistically greater than pre-fire values: a =P < 0.001; b =
P <0.01.
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Fig. S3. Changes in density of cheatgrass (Bromus tectorum) on the ALE Reserve
following the 24 Command Fire. Bars = 1 standard deviation. 2004 values accompanied
by a script letter are significantly greater than 2003 values (P < 0.005).

* Category includes winterfat plots (n = 3).
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Fig. S4. Changes in percent cover of important large shrubs on the ALE Reserve
following the 24 Command Fire: Wyoming big sagebrush (Artemisia tridentata ssp.
wyomingensis); spiny hopsage (Atriplex [= Grayia] spinosa); winterfat (Eurotia lanata);
threetip sagebrush (Artemisia tripartita). Bars = 1 standard deviation. 2004 values with
accompanying script letter are statistically lower than pre-fire values: a =P < 0.0001; b =
P <0.005;c=P<0.05d=P<0.10.
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Fig. S5. Changes in percent cover of selected native perennial bunchgrasses on the ALE
Reserve following the 24 Command Fire: Sandberg’s bluegrass (Poa sandbergii),
bluebunch wheatgrass (Agropyron spicatum), needle-and-thread (Stipa comata and S.
thurberiana), and lIdaho fescue (Festuca idahoensis). Bars = 1 standard deviation. 2004
values with accompanying script letter are statistically lower than pre-fire values:
a=P <0.0001; b =P <0.005; c=P<0.05.
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Fig. S6. Changes in percent cover of microbiotic soil crust on the ALE Reserve
following the 24 Command Fire. 2001 data are suspect and are not shown. Bars=1
standard deviation. 2004 values with accompanying script letter are statisgically lower
than pre-fire values: a =P < 0.0001.



I1. Monitoring Post-fire Restoration on the Fitzner-Eberhardt Arid Lands Ecology
Reserve, Hanford Reach National Monument.

Rehabilitation efforts implemented between December 2002 and February 2003 targeted
10,000 acres of the native shrub-steppe habitats on the Arid Lands Ecology (ALE)
Reserve that had been most seriously affected as a result of the 24 Command Fire.
Rehabilitation measures included outplanting of nursery-grown big sagebrush seedlings,
herbicide treatments for the control of cheatgrass, and aerial and drill seeding of native
grasses and cultivars. Monitoring of rehabilitation measures began in November 2002
and continued through fall 2004. The monitoring team made use of long-term permanent
vegetation plots located throughout the rehabilitation area and installed new permanent
plots as needed to assess survival of outplantings, seed density, emergence and
recruitment of grass seedlings, and the effectiveness of cheatgrass control measures. The
monitoring team also assessed the condition of a fire suppression swath in Upper Snively
Basin that was regraded and seeded during spring 2001.

Cheatgrass abundance and effects of herbicide treatments. Effects of herbicide
treatments and native seedings on cheatgrass abundance within the rehabilitation project
area were slight, if any. Herbicide treatments (performed during November 2002 and
again in February 2003) may have dampened increases in cheatgrass abundance
somewhat, as percent cover of cheatgrass within the project area in 2003 (10.1% = 9.9
SD) remained statistically similar to pre-treatment levels, while cover in untreated areas
exhibited a significant increase of more than 2.0% during the same period (P = 0.009;
Fig. S7). Nevertheless, cheatgrass cover and density over most of the project area (with
the exception of elevations over 800 ft. in Polygon 3) were still sufficiently high to
interfere with native seedlings (Fig. S8) and likely contributed to reduced emergence and
recruitment at lower elevations. Glyphosate (Roundup™) is a post-emergence herbicide
and has no effect on plants that germinate after treatment is applied. Periods of above-
normal precipitation during the winter and spring of 2003 favored opportunistic
germination of cheatgrass after herbicide treatments had been completed, and the
resulting growth very likely swamped potential treatment effects.

Both cover and density increased significantly within the project area between
2003 and 2004 (Figs. S7, S8).

Big sagebrush outplantings. The overall initial planting density of nursery-grown
Wyoming big sagebrush seedlings (410.2 plants/ acre + 128.9 SD) was somewhat below
project specifications (450 plants/ acre). Planting treatments consisting of bare root
seedlings dipped in a hydrogel inoculated with mycorrhizal fungi (M+), bare root
seedlings dipped in a hydrogel without mycorrhizal fungi (M-), and seedlings grown in 4
in.? nursery tubes (without mycorrhizae) were installed in separate polygons. Overall
survival of big sagebrush outplantings over two years was 36.3% (+ 26.0 SD). Based on
these samples, more than 254,000 of a total of more than 700,000 sagebrush outplantings
have been established on ALE. Survival varied widely among polygons, ranging from as
low as 4.8% (+ 6.6 SD) to as high as 76.6% (+ 10.5 SD; Fig. S9a). Polygons planted
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with M- seedlings exhibited significantly greater survival (71.6% =+ 8.8% SD) than M+
seedlings (13.5% + 11.2% SD) or seedlings grown in 4 in.? nursery tubes (44.2% +
15.5% SD; Fig. S9b).

Mycorrhizal inoculation has been shown to enhance shoot growth and increase
the tolerance of Wyoming big sagebrush seedlings to soil moisture stress. It is extremely
unlikely that the presence of mycorrhizae was deleterious to seedling establishment and
survival on the ALE Reserve. An hypothesis regarding the method of inoculation and
sagebrush root anoxia is discussed. Controlled experiments are recommended to clearly
evaluate the poor performance of mycorrhizal treatments observed in this study. Pending
the results of these experiments, we recommend against the use of Plant Success™
mycorrhizal hydrogel in sagebrush plantings on silt loam soils on the Hanford Reach
National Monument. The results of this and other recent plantings on the ALE Reserve
suggest that mycorrhizae are not required for successful establishment of Wyoming big
sagebrush outplantings, at least during years of above-normal precipitation as
experienced in 2003 and 2004; however, mycorrhizal inoculation via alternative methods
(e.g., inoculation of growing media at the nursery, or the use of dry tablets during
outplanting) is still recommended.

Most surviving sagebrush outplantings appeared to be vigorous and well-
established in October 2004 and site trajectories towards the development of mature
shrub canopies in these areas appear promising. Despite low survival rates in several
polygons, the overall success of sagebrush outplantings resulting from these and other
local efforts over the past several years provide an encouraging sign that this component
of the ALE ecosystem may be restorable in this manner.

Attempts to establish big sagebrush from seed along the west side of the 1200 Ft.
Rd. appeared to be unsuccessful. While above-normal precipitation during the winter and
early spring of 2003 favored the emergence of a number of sagebrush seedlings,
prolonged drought from late spring through fall 2003, along with competition from
established native perennial grasses and invasive annuals, likely exceeded the stress
tolerance of vulnerable new seedlings.

Seed applications. Aerial seeding densities exceeded the project specifications of 538.2
seeds/m? (50 seeds/ ft.?) by 2.6 to 6.6 times in all polygons. High seeding rates may be
necessary in order to achieve adequate stocking densities for habitat stabilization and
recovery, as rates of seedling recruitment observed in this and other studies suggest.
Seed rate specifications based on density may not be relevant when application of large
quantities of seed by weight is involved, especially when mixes include large quantities
of small, light seeds such as those of Sandberg’s bluegrass.

The overall emergence rate (2003 seedlings/m? + seeds/m?) for aerially seeded
grasses and forbs in this study was 3.2% (+ 2.4 SD) of seed density, while the potential
seedling recruitment rate (2004 seedlings/m? + seeds/m?) was 0.7% (+ 0.4 SD).
Recruitment rates are inflated by an unknown factor due to seedling emergence during
fall 2003 and/or spring 2004. Recruitment was highest at the upper elevations within the
project area (800 — 1000 ft./ 245 — 305 m), but differences between this and other
portions of the site were not statistically significant.
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Potential recruitment densities for wheatgrass species (bluebunch wheatgrass
[Agropyron spicatum] in the high elevation seed mix, and thickspike wheatgrass [A.
dasystachyum] in the low elevation mix) ranged between 0.5 seedlings/m?and 2.1
seedlings/m? in aerially seeded polygons (Fig. S10). Potential recruitment densities for
Sandberg’s bluegrass (Poa sandbergii) ranged between 6.0 seedlings/m?and 13.7
seedlings/m®. Recruitment densities for yarrow (Achillea millefolium) were < 0.6
seedlings/m?, while densities of needle-and-thread (Stipa comata), Indian ricegrass
(Oryzopsis hymenoides), and squirreltail (Sitanion hystrix) were negligible.

Data on densities of native bunchgrasses on seeded ranges or in natural habitats
are scarce in the ecological literature. Based upon one of the few rating systems available
for quantitatively evaluating seeding success, overall recruitment stocking rates achieved
by the BAER project on ALE (16.3 seedlings/m® + 28.5 SD) may be rated as excellent,
primarily due to high densities of Sandberg’s bluegrass.

Overall potential recruitment densities reported in this study (16.3 seedlings/m?)
were higher than those observed for large (> 5.0 cm diameter) mature bunchgrasses (3.9
tussocks/m?) in post-fire bunchgrass mortality plots surveyed in 2001 in comparable sites
on the ALE Reserve. Potential recruitment densities for wheatgrass seedlings in three of
four rehabilitation treatment types were very similar to density values for bluebunch
wheatgrass in mortality plots (2.1 tussocks/ m? + 1.8 SD). Only the low elevation seed
mix over silt loam soils (the treatment which covered the largest area) exhibited densities
that were substantially lower than these values. These survival plot densities are not
directly comparable to our recruitment densities for several reasons, but provide an
indication of desirable ultimate densities for site stabilization. It remains to be seen
whether the small, recently established seedlings in rehabilitation areas will continue to
survive and expand to the point where the desired habitat stabilization has been achieved.

The rates of grass seedling emergence and recruitment from aerial seeding efforts
observed in this study are probably typical of broadcast seeding efforts in the arid West.
Under natural conditions, soil moisture availability limits seed germination, as well as
seedling emergence and early seedling growth. The higher emergence rates observed at
higher elevations in the project area may reflect somewhat more favorable moisture
conditions for seedling emergence and early survival in these habitats. Biological factors
such as seed predation and grazing by small mammals and birds, along with seed
dormancy mechanisms and both inter- and intraspecific competition among plants may
also affect the outcome of wildland seeding efforts. Extended seed dormancy and the
redistribution of seeds by rodents are both characteristic of Indian ricegrass (Oryzopsis
hymenoides) and may account for the near absence of this species from emergence and
recruitment samples.

Potential recruitment densities of seeded species in treatment plots did not differ
statistically from seedling densities in control plots, suggesting that aerial seeding had no
effect on seedling density. However, control plots were outside the project area and had
higher densities of established perennials as a source of seed than did the treatment plots.
This factor could have been especially significant with regard to wheatgrass species,
which were entirely absent below approximately 800 ft. (244m) elevation within the
project area prior to seeding.
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Drill seed treatment. While drill seeding is generally accepted as a much more reliable
method of achieving seeding success, there were no significant differences in either
emergence or recruitment in the drill seed treatment compared to aerially seeded areas on
ALE. Numerical differences in performance between the three wheatgrass stocks
(Anatone, Secar, and Hells Canyon) installed by drill seeding were also not significant.
Low recruitment rates for all three wheatgrass stocks probably reflect the serious
obstacles to seedling establishment in the extreme environment of this portion of the
Columbia Basin. Drill seeding was carried out in the warmest, most arid portion of the
ALE Reserve where annual precipitation averages only 6.25 inches (160 mm)/ year, well
below the recommended limits for all three wheatgrass stocks.

Recovery of bulldozer fireline. Three years after rehabilitation efforts were
implemented, the fire line swath in Upper Snively Basin was still significantly different
from the surrounding vegetation. Percent cover of native vegetation was considerably
less than in the relatively undisturbed vegetation surrounding the impacted area.
Microbiotic crusts were absent from the affected area, and cover of native perennial
bunchgrasses was greatly reduced, while cover and density of cheatgrass was increased
(Fig. S11). Native vegetation is unlikely to recover fully within the disturbed area so
long as cheatgrass and other invasive species are present in large numbers. If left
untreated, cheatgrass will preempt the recovery of native vegetation and can be expected
to increase within the suppression area over time. The presence of such an inoculum of
invasive species within an otherwise very high-quality native plant community raises
concern over the potential spread of invasives from the disturbed swath farther into the
surrounding habitat.

Recommendations. Outplanting of nursery-grown stock is more reliable than direct
seeding as a method for restoring shrubs to the landscape, and it is highly recommended
that this practice be continued on ALE beyond the limits of the BAER program. There
are tens of thousands of acres on the Reserve that are legitimate candidates for the
reintroduction of Wyoming big sagebrush, along with threetip sagebrush and spiny
hopsage in appropriate habitats. Plantations at higher elevations will enjoy the benefits of
higher precipitation and more moderate growing season temperatures that should
facilitate establishment of outplantings during average years.

One additional year of monitoring the existing array of sagebrush survival plots in
2005 is strongly recommended in order to document that the trends described in this
study are firmly established. After 2005, periodic monitoring at five-year intervals will
provide valuable information with which to calibrate performance objectives for future
shrub introduction projects. In order to assess the impacts of restoration on habitat
quality, monitoring of invertebrate populations and wildlife use of these developing
sagebrush stands is also highly recommended.

Additional management intervention will be required within the BAER
rehabilitation project area in order to stabilize soils, suppress invasive species, and
promote recovery of these critical wildlife habitats. Continued monitoring of selected
areas, such as the former sagebrush stands between the Gate 117 and Gate 118 roads and
elsewhere, will assist resource managers in developing plans for further treatment of
areas at risk (see Section I, above).
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Future efforts to establish and maintain a greenstrip along the SR 240 corridor
should carefully assess the condition of perennial vegetation along the corridor. Portions
of this corridor, such as the areas between mileposts 6 and 9 and around mileposts 18 and
19, currently support fair to good quality native perennial vegetation. While neither
pristine nor weed-free, these areas are reservoirs of low elevation native plant
biodiversity and probably function as well as the target greenstrip vegetation in terms of
firebreak effectiveness. These areas should not be disturbed unnecessarily but should be
monitored and maintained as diverse natural plant communities. Excluding them from
disruptive interventions will allow management resources to be focused on establishing
perennials along portions of this corridor where they are presently largely absent.

Within the suppression area in upper Snively Basin, effective control of
cheatgrass for at least 1-2 years will be necessary to allow native vegetation to recover,
whether or not the area is enhanced with additional native seedings or plantings. In
concert with invasive species control, the successful reintroduction of important
structural native grasses such as bluebunch wheatgrass and Sandberg’s bluegrass will
greatly increase the likelihood of recovery of the disturbed area. Suggestions regarding
invasive species control and assisted recovery of this area are discussed.

Sources of seeds for rehabilitation or restoration projects should be carefully
considered. Existing native vegetation on the Hanford Site represents a poorly
understood but potentially irreplaceable genetic resource, a pool of genetic variability
uniquely adapted over millennia to the unique range of environmental variability that
characterizes this portion of the Columbia Plateau. Seeds collected from distant sites
may introduce genotypes that are poorly adapted to local conditions, may fail to establish
vigorous populations, or, if successful, may have unpredictable impacts on the genetic
integrity of local stocks.

The lack of commercial availability of sufficient quantities of locally derived
native seed was a limiting factor in this project as it often is in large-scale rehabilitation
and restoration efforts. Wildfire will remain a part of the shrub-steppe landscape and
resource management agencies, from the local to the national level, will do well to plan
responses to future wildfires before they occur, rather than forcing managers to scramble
to respond after wildfires have passed. Restoration opportunities are often greatest within
the first one to several years following wildfire, before invasive species populations
recover or newly colonize a site (see Section I). For the Monument to take advantage of
this window of opportunity it must develop, either on its own or in concert with partners
and contractors, the capacity to stockpile native seeds that will be available when needed
soon after disturbances occur. The U.S. Fish and Wildlife Service and the U.S.
Department of Energy, as co-managers of the Hanford Reach National Monument, are
urged take the lead in promoting the creation of a Columbia Basin native seed storage
bank. If willing partners are found, a seed storage bank of this kind could serve a
consortium of federal and state agencies.

Disturbed sites in the Wyoming big sagebrush steppe of the Columbia Basin
present extreme challenges to restoration efforts due to the warm, semi-arid climate, the
presence of aggressive invasive species, and the increasingly frequent occurrence of
wildfires within the region. Beyond initial seeding and planting success, restoration
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outcomes depend upon climatic factors that are outside the control of the restorationist, as
well as upon effective fire management and control of invasive species.

No project can hope to restore the ecological structure and function of a complex
ecosystem such as that which existed on the ALE Reserve within a few years. However,
through persistent effort, a landscape may be set on a successional trajectory that will
lead to the recovery of ecological processes and habitat quality within a reasonable period
of time. Complete recovery of the structure and function of ALE shrublands impacted by
the 24 Command Fire is still decades away. The most optimistic scenario for the full
recovery of shrub-steppe qualities on the Arid Lands Ecology Reserve involves many
years of continued planting and monitoring, persistent efforts at weed and fire
management, and years of patience as restored stands slowly develop.
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INTRODUCTION

The studies in this volume were performed as part of a cooperative agreement
between the U.S. Fish and Wildlife Service (USFWS) and The Nature Conservancy
(TNC) of Washington. The purposes of these studies were to assess the effects of the
June-July, 2000, 24 Command Fire on invasive species and native plant communities of
the 77,000-acre Fitzner-Eberhardt Arid Lands Ecology (ALE) Reserve, and to monitor
the progress of a large scale rehabilitation project begun in late fall, 2002, on a portion of
the lands impacted by the 2000 wildfire.

The 24 Command Fire began on Tuesday, June 27, 2000, along Washington State
Route 24 along the northern boundary of the ALE Reserve. Before being controlled on
July 2, the fire burned more than 160,000 acres of public and private land, as well as a
number of residences and structures. Included within the burned acreage was
approximately 90 percent or more of the ALE Reserve (BAER Team 2000). The Nature
Conservancy’s effort in cooperation with USFWS to assess the effects of the wildfire on
this important natural area began the following spring, 2001, and continued through mid-
summer 2004. Results of post-fire vegetation monitoring are presented in Section I of
this volume. In late November 2002 a rehabilitation effort targeting approximately
10,000 acres of the ALE landscape most seriously effected by the 24 Command Fire was
initiated by USFWS and their contractors. Rehabilitation measures included herbicide
treatment of invasive plant species, aerial seeding of native grasses, and planting of
nursery-grown seedlings of Wyoming big sagebrush (Artemisia tridentata ssp.
wyomingensis). Measures to monitor the results of rehabilitation efforts were begun
concurrently with the rehabilitation efforts themselves, and continued through fall 2004.
Results of this monitoring are presented in Section II of this volume.

The Arid Lands Ecology Reserve. The lands that now comprise the Fitzner-Eberhardt
Arid Lands Ecology (ALE) Reserve lie within the southwestern portion of the U.S.
Department of Energy site at Hanford, in Benton County, Washington (Fig. 1). While
the lands within Reserve boundary have been a part of the Hanford Site since its
establishment in 1943, the ALE Reserve was formally established in 1967 by the Atomic
Energy Commission in recognition of the rich and relatively undisturbed character of its
native shrub-steppe ecosystem (O’Connor and Rickard 2003). The Reserve was
subsequently designated a federal Research Natural Area (1971) and National
Environmental Research Park (1977). In 2000, the ALE Reserve was incorporated into
the newly designated Hanford Reach National Monument.

The ALE Reserve lies within the Columbia Basin, the hottest, driest part of
Washington state (Franklin and Dyrness 1973). Environmental characteristics are
summarized in Rickard et al. (1988), Soll et al (1999), and elsewhere. Elevations range
from as low as 435 ft. (132.5m) a.s.1. in the Cold Creek drainage near the southeastern
boundary of ALE to more than 3500 ft. (1067m) at the summit of Rattlesnake Mountain
near the western boundary. Annual precipitation varies with elevation, from as little as
6.3 inches (16 cm) at the lowest elevations up to 13.8 inches (35 cm) along the crest of
Rattlesnake Mountain (DOE-RL 2001).
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Plant Communities of the Arid Lands Ecology Reserve. Most of the landscape of the
ALE Reserve was dominated by sagebrush (Artemisia) species as recently as the
establishment of the Hanford Nuclear Reservation in 1943. However, between 1957 and
1998, major wildfires reduced the shrub-dominated portion of the Reserve to less than 20
percent of its extent at the mid-point of the 20" century (Rickard et al, 1988, Soll, et al,
1999, T. Skinner, pers. comm., 4/01). Major plant communities of the ALE Reserve prior
to the 24 Command fire included shrublands dominated by Wyoming big sagebrush
(Artemisia tridentata ssp. wyomingensis) at low and middle elevations, primarily in the
northern portion of the Reserve. Shrublands dominated by three-tip sagebrush (A.
tripartita), sometimes with big sagebrush or rabbitbrush (Chrysothamnus spp.) as
important components, occurred at the middle to higher elevations, primarily on more or
less northerly aspects, on the slopes of Rattlesnake Mountain and in the Rattlesnake Hills.
Other shrubland types included a small black greasewood (Sarcobatus vermiculatus)
community surrounding Rattlesnake Springs and a series of areas between 800-1200 ft.
(250 — 365 m) a.s.l. characterized by winterfat (Eurotia lanata). Shrubland understories
were dominated by native bunchgrasses such as bluebunch wheatgrass (Agropyron
spicatum = Pseudoroegneria spicata) and Sandberg’s bluegrass (Poa sandbergii = P
secunda), and associated hemishrubs and forbs (Wilderman 1994).

Where previous wildfires or human activities had cleared the sagebrush, perennial
and annual grasslands dominated the landscape. Bluebunch wheatgrass-Sandberg’s
bluegrass was the most common perennial grassland association, occurring at elevations
as low as 800° — 1000 ft. (250 — 300m) and upwards. Needle-and-thread (Stipa comata)
dominated another perennial grassland association found from lower to middle
elevations, often on sandy soils. Another perennial bunchgrass, Idaho fescue (Festuca
idahoensis), became important at higher elevations and on more northerly aspects, often
in association with threetip sagebrush and bluebunch wheatgrass. Soil surfaces in
relatively undisturbed native grasslands and shrublands were characterized by a
microbiotic crust composed of mosses, lichens, fungi, algae, and cyanobacteria (Link, et
al., 2000, Johansen, et al. 1993), especially on silt-loam soils.

Highly disturbed areas on the ALE Reserve were frequently dominated by alien
invasive plant species. Among others, alien perennials such as Russian knapweed
(Acroptilon repens) and whitetop (Cardaria draba), were common in riparian areas and
some uplands, while rush skeletonweed was abundant in disturbed uplands in the
southeast corner of the site (Evans et al. 2003). Most disturbed uplands, however, were
dominated by alien annual species such as tumble mustard (Sisymbrium altissimum) and
redstem filaree or storksbill (Erodium cicutarium), and, most importantly, the invasive
annual grass cheatgrass (Bromus tectorum). Annual grasslands dominated by cheatgrass
were typical at lower elevations, in the Cold Creek and Dry Creek valleys, and on
Yakima Ridge (Wilderman, 1994), but were not limited to these elevations.

Cheatgrass arrived in the Pacific Northwest during the late 19™ Century (Mack
1981). The spread of this Mediterranean annual throughout western North America has
been accompanied by increases in the frequency, extent, and severity of rangeland
wildfires, and is frequently associated with declines in native plant diversity (Whisenant
1990) and wildlife habitat (Dobler 1994, Connelly, et al. 2000). Informative reviews and
discussions of cheatgrass ecology and influence on rangeland wildfire regimes are



contained in Young and Evans (1985), Pellant (1996), Carpenter and Murray (1999) and
other sources.

Anthropogenic factors have promoted the proliferation of cheatgrass throughout
western North America (Mack 1981, Stewart and Hull 1949) and land use activities have
likely contributed to the present distribution and abundance of cheatgrass, as well as other
invasive plant species, on the ALE Reserve. While the establishment of the Hanford
Reservation protected what is now the ALE Reserve from the development that has
characterized much of the surrounding area in the decades since 1943, the lands that
comprise ALE have a history of land use and disturbance dating from the early to mid-
19" Century and continuing to the present. Since the onset of Euroamerican influences in
the Columbia Basin in the 1800s, major land uses on what is now the ALE Reserve have
included homesteading, dryland and irrigated agriculture, sheep and cattle grazing,
natural gas exploration and production, military and scientific activities, and construction
and maintenance of roads, powerlines, and communication facilities (Hinds and Rogers
1991, O’Conner and Rickard 2003).

Populations of at least nine rare vascular plant taxa have been documented on the
ALE Reserve (Table 1). The shrub-steppe communities of ALE, along with the rest of
the Hanford Site, provide critical habitat for native biota, including shrub-steppe
dependent wildlife and a diverse invertebrate fauna (Rickard and Poole 1989, Soll, et al.
1999, DOE-RL 2001). Listed vertebrate species known to inhabit the area include
reptiles, birds, and small mammals (Table 2). At least one endangered shrub-steppe
mammal, the pygmy rabbit (Brachylagus idahoensis) has been extirpated locally in recent
decades (Rickard and Poole 1989, Soll, et al. 1999).



Table 1. Vascular plant species of management concern known to occur on the Arid
Lands Ecology Reserve. Sources include Soll, et al. (1999), WNHP (1997, 2000), and
Sackschewsky and Downs (2001).

Scientific Name

Common Name

Federal Status

State Status

Local Endemics

Astragalus columbianus Columbia milkvetch Species of Concern  Threatened

Astragalus conjunctus var. basalt milkvetch Review

rickardii

Erigeron piperianus Piper’s daisy Sensitive

Regional Endemics

Camissonia minor smallflower evening Review
primrose

Camissonia pygmaea dwarf evening primrose Threatened

Cryptantha scoparia desert cryptantha Review

Cryptantha spiculifera Snake River cryptantha Sensitive

Nana densum var. small-flowered nana Review

parviflorum

Oenothera caespitosa ssp.  desert evening Sensitive

caespitosa

primrose

Table 2. Wildlife species of management concern known to occur in shrub-steppe or
grassland habitats on the Arid Lands Ecology Reserve. Sources include Soll, et al.
(1999), H. Newsome (pers. comm.), and Appendix C, DOE-RL (2001).

Scientific Name Common Name Federal Status State Status
Reptiles
Masticophis taeniatus striped whipsnake Candidate
Sceloporus graciosus northern sagebrush lizard ~ Species of Concern
graciosus
Birds
Amphispiza belli sage sparrow Candidate
Athene cunicularia burrowing owl Species of Concern  Candidate
Buteo regalis ferruginous hawk Species of Concern  Threatened
Centrocercus greater sage grouse Threatened
urophasianus
Lanius ludovicianus: loggerhead shrike Species of Concern  Candidate
Oreoscoptes montanus sage thrasher Candidate
Mammals
Lagurus curtatus sagebrush vole Monitor
Lepus californicus black-tailed jack-rabbit Candidate
Sorex merriami Merriam’s shrew Candidate




I. Short-Term Impacts of the 24 Command Fire on Vegetation of the
Fitzner-Eberhardt Arid Lands Ecology Reserve, 2000-2004.

INTRODUCTION

Investigations into the effects of the 24 Command fire on the vegetation of the
Arid Lands Ecology (ALE) Reserve began in March 2001. The goals of the study were
twofold: 1) to assess the short-term effects of the wildfire on native plant communities
and on the abundance and distribution of alien plant species and to make inferences
regarding trajectories of recovery for burned-over lands; and, 2) to use existing
permanent vegetation plots and methodologies, and to institute new methodologies where
necessary, to assemble long-term datasets that may be applied toward management of the
Reserve’s vegetation resources. To accomplish these goals, three sets of vegetation plots
that had been installed for various purposes and sampled from one to several years prior
to the 24 Command Fire were relocated and resampled using the original methodologies
during April through June, 2001-2004. The results of these samples were then compared
to pre-fire observations from the same sites. In addition, a series of new plots was
established and new protocols were added to the sampling of reference plots in order to
monitor recent and future changes in alien species.

MATERIALS AND METHODS
VEGETATION PLOTS

Vegetation reference plots used in this study originated from three sources: 1) the
Biodiversity Inventory and Analysis of the Hanford Site (Soll, et al, 1999, Wilderman,
1994); the Steppe-in-Time project of the Washington Native Plant Society (Marsh, 1999),
and the Hanford Site Biological Resources Management Plan (DOE-RL 2001, PNNL
1997). Characteristics and methodologies associated with the different plot types are
described below. From 2001 through 2004 vegetation plots were resampled duplicating
original methodologies as much as possible and sampling as close to the date of the
original surveys as possible. Photographic records of each plot were taken annually from
2001 through 2004. Images were recorded in 2001 with a Nikon FM2 SLR camera using
35mm slide film. Images were later professionally digitized (ProLabWest Visual
Imaging Services, Inc., Seattle, WA.). Images from 2002 through 2004 were recorded
using a Nikon Coolpix 995 digital camera. A digital archive of plot images was delivered
to USFWS along with this report. Coordinates, directions, and details of plot layouts for
all the plots used in this study since 2001 are provided in Appendix A.

For a variety of reasons, several plots that were sampled in 2001 and 2002, from
which data was included in analyses contained in earlier annual project reports, were not
resampled after 2002. Reasons why sampling was discontinued at these plots are
discussed at the end of this section. Vegetation analyses presented in this report used
data only from 70 long-term vegetation plots for which a complete data record from pre-
fire reference years through 2004 was available.

Biodiversity Plots. Biodiversity Plots were established on the ALE Reserve in 1994
during vegetation inventories associated with the Biodiversity Inventory and Analysis of
the Hanford Site (Soll, et al, 1999). Plots were established in stands representative of



major native plant community types for purposes of ground-truthing vegetation maps,
classifying plant communities, and comparing mapped communities to conservation
‘element occurrences’ (Wilderman 1994). Areas that were highly disturbed or dominated
by aliens were generally avoided. Percent cover of vascular plant species and microbiotic
crust was visually estimated within 5Sm x 20m plots and recorded according to the
following scale:

Present - <1% = 1; 1%-5% =3; 6%-15%=10; 16% - 25% =20; 26%-35%=30;
36%-45% = 40; 46%-55% = 50; 56%-65% = 60; 66%-75% = 70; 76%-85% = 80;
86%-95% = 90; 96%-100%=100 (Bourgeron et al. 1992, cited in Wilderman
1994).

Percent cover of litter was estimated to the nearest percent in 20 cm x 50 cm
(0.1m?) microplots along cheatgrass density transects (see below) associated with each
Biodiversity Plots in 2004 only.

In all, 58 Biodiversity Plots were sited on the ALE Reserve in 1994. In 2001, 40
of these plots were selected for resampling as part of post-fire monitoring. Plots were
selected for resampling based on meeting one or more of the following biological criteria:

e Presence of > 10% cover of sagebrush species and/or other major native.
shrubs prior to the 24 Command Fire.

e Representation of major native plant community types.

e Representation of the range of pre-fire (1994) cheatgrass cover from low
(0%) to high (20%-40%).

e Presence of Piper’s daisy (Erigeron piperianus), a rare plant (WNHP
1997, 2000) recorded within some plots in 1994.

e High diversity of native forbs.

Questions of field time efficiency, such as access and proximity to other plots, were also
considered in selecting the target plots. Between 2002 and 2003 sampling was
discontinured at a number of Biodiversity Plots for reasons discussed at the end of this
section. Data from 33 Biodiversity Plots were included in the analyses for this final
report.

Plots were relocated using GPS coordinates and print reproductions from 35 mm
slides taken during the original survey. Only plots that could be relocated with
reasonable confidence were resampled. Plots were marked permanently in 2001 using %2-
inch rebar stakes at all four corners (Appendix A).

In order to estimate the wildfire’s impact upon native bunchgrasses in study plots,
survival of large bunchgrasses was recorded in all Biodiversity Plots within the fire
perimeter in 2001. Survival of large bunchgrasses was estimated within eight randomly-
selected 1m-wide belt transects located along the long axis of each Biodiversity Plot and
running across the width of the plot. Within each belt transect all bunchgrasses with a
pre-fire basal diameter of 5.0 cm or greater were tallied according to species if some part
of the tussock was alive. Burned tussocks with no apparent living tissue were tallied as
dead. The resulting sample included all warm season bunchgrasses of mature size, as
well as larger individuals of Sandberg’s bluegrass (Poa sandbergii) but excluded smaller



individuals of Poa which are numerous and frequently difficult to delineate between
individual plants. Although 40 Biodiversity Plots were thus sampled in 2001, four plots
had no bunchgrasses large enough to tally. Of the 36 remaining plots, those with less
than 70% survival in 2001 (n = 15) were resurveyed in 2002. Combining the density of
both living and dead bunchgrasses in survival samples yielded a crude estimate of the
density of large bunchgrasses in ALE habitats prior to the 24 Command Fire.

Biological Resource Management Plan (BRMaP) Plots. Biological Resource
Management Plan (BRMaP) Plots were established across the Hanford Site in 1996
through a cooperative effort involving the U.S. Department of Energy (DOE), Pacific
Northwest National Laboratory (PNNL) and the Washington Department of Fish and
Wildlife (WDFW). Plots were established to provide baseline data on important
terrestrial plant communities and wildlife habitat (DOE-RL 2001, PNNL 1997). Seven
BRMaP Plots were established on the ALE Reserve in areas dominated by big sagebrush
(3 macroplots), threetip sagebrush (2 macroplots), and bluebunch wheatgrass grassland (2
macroplots).

Each 20 ha BRMaP macroplot hosts an array of 3 — 5 vegetation plots. A 1.0 km
transect runs through the center of each macroplot, with five permanently marked points
or point count stations located at 200m intervals. Point count locations serve as the
origins of permanently marked vegetation transects oriented perpendicular to the main
axis of the plot. Vegetation transects were established from each of five point count
stations in big sagebrush stands, but only from point counts 1, 3, and 5 in grasslands and
threetip sagebrush stands. Macroplot diagrams showing the orientations of vegetation
transects for each BRMaP array are included in Appendix A. Along each vegetation
transect, visual estimates of percent cover of vascular plant species, microbiotic crust,
and plant litter were recorded to the nearest full percent within 20cm x 50cm (0.1m?)
microplots (n = 20) located at regular intervals every 5m along each vegetation transect.
The minimum score for a trace occurrence within each microplot was 1.0%.

Steppe-in-Time (SIT) Project. Steppe-in-Time (SIT) was a volunteer program initiated
to monitor change in the shrub-steppe vegetation of the Columbia Basin. The program
was initiated in 1992 by the US Environmental Protection Agency to monitor potential
effects of agricultural herbicide drift upon native plant communities. The project
continued as a volunteer program from 1993 to 2001 coordinated by Michael P. Marsh,
Ph.D., with support from the Washington Native Plant Society and staff from Columbia
Basin College and the Pacific Northwest National Laboratory. In 1992, 32 plots (or plot
pairs; see below) were established across Benton County. Plot origins were randomly-
selected points within the shrub-steppe cover type that met criteria for native plant
predominance and relative lack of recent disturbance. Through cooperative agreements
with managing agencies and private individuals, sample sites were established on public
and private lands throughout the county. A few of the sites on private property were
subsequently lost to development or other closure. Replacement sites were established in
1993, 1996 and 2001.

SIT Plots were laid out as 200 m transects oriented to magnetic north from their
point of origin. Along each transect, visual estimates of percent cover of vascular plant
species, microbiotic crust, and plant litter were recorded to the nearest full percent within



20cm x 50cm (0.1m*) microplots (n = 20) located at regular intervals every 10m along
the transect. The minimum score for a trace occurrence within each microplot was 1.0%.

SIT Plots established in 1992 consisted of paired transects separated by 300m.
Six transect pairs were established on the ALE Reserve at this time. This study treats
each transect as a separate plot. Three additional sites, consisting of a single 200m
transect each, were established in 1996.

Sampling was not conducted every year. Principal data collection years of the
Steppe-in-Time Project were 1992, 1993, 1997, 2000, and 2001. A smaller subset of
plots were sampled in 1996. Even so, the SIT plots represent the only array of
permanent plots on the ALE Reserve with multiple years of pre-fire data, with a data
record stretching as far back as 1992, and with a data record from spring 2000,
immediately prior to the occurrence of the 24 Command Fire.

Data collections from the year 2000 were used as the reference year for pre- and
post-fire comparisons in this study. With the exception of one plot (SIT 188), only even-
numbered microplots (n = 10) were sampled in 2001. Only data from those microplots
which were sampled in 2001 were used to make between-year vegetation comparisons,
even though all microplots were sampled during 2000 and 2002 - 2004.

Steppe-in-time practice through 2001 was, whenever possible, to sample plots in
both April and May of each sample year. Cover values used in this study represent the
means of cover estimates for the two sample periods each year. Exceptions were made
for two species, cheatgrass and Sandberg’s bluegrass, whose senesced foliage was often
recorded as litter during May visits according to SIT convention. In order to obtain the
best estimate of annual live cover, April values were used for these species. From 2002
through 2004 plots were sampled only once per year between late April and early May.

Cheatgrass cover and frequency data from unburned SIT transects outside of the
ALE boundaries were used to compare cheatgrass abundance in burned (ALE) vs.
unburned (non-ALE) plots and to provide an indication of between-year variations in
cheatgrass abundance in the absence of a large-scale disturbance. Unburned plots were
either big sagebrush stands or grassland cover types distributed around Benton County
south of the ALE Reserve. Elevations of unburned, non-ALE sites ranged from 600 ft.
(183m) to as high as 2600 ft. (793m) but 18 of the 23 sites used occurred between 800 ft.
(244m) and 1400 ft. (427m).

Twenty-three SIT transects outside of the ALE reserve had full records of even
numbered microplots for the years 1992, 1993, 1997, and 2000. Between-year variations
in this set of plots were examined to provide insight into longer-term fluctuations in
cheatgrass abundance in the absence of a large-scale disturbance. This analysis was
extended into 2001, although data in 2001 was available from only 16 of the original 23
plots.

Nearly all SIT data through 2001 were collected by volunteers (the TNC field
crew assisted with two plots in 2001). SIT volunteers — typically people with academic
study or long-standing interests in biology and natural history -- received a minimum of
16 hours of training in plant identification and field methods from Dr. Marsh, staff
ecologists from Pacific Northwest National Laboratory, and faculty from Washington
State University and Columbia Basin College. Observers worked in teams of two or
three, and plots were sampled twice — by different observer teams — during each
observation period as a check on accuracy. In 2002 through 2004, SIT plots on ALE



were sampled only by the TNC field crew. Plots outside of the ALE Reserve were not
sampled after 2001.

Vegetation plots not resampled after 2002.

Resurveying of selected plots from the original 2001 sample set was discontinued
in order to allow time for monitoring of post-fire rehabilitation efforts on ALE (section II,
this volume). Reasons for discontinuing sampling of plots included difficulty or errors in
relocating plots, the confounding of data interpretation by the occurrence of multiple
recent wildfires effecting some plots, difficulty of access, and potential for plot damage
through repeated sampling.

The largest group of discontinued plots consisted of five plots (Biodiversity Plots
33 and 34, and BRMaP 23, transects 1, 3, and 5) located in the Cold Creek Valley east of
Yakima Ridge, between the Gate 118 and Gate 120 roads. A wildfire in 1998 removed
shrub canopies and highly disturbed these sites two years prior to the 24 Command Fire,
which also burned through the area. The occurrences of multiple recent disturbances
appeared to set these plots apart from the rest of those used in the study. In both 2001
and 2002, these five plots exhibited by far the highest cheatgrass cover and densities
recorded in the study and were removed from many analyses because of their outlier
characteristics. The vegetation of these plots has been dramatically changed since the
original surveys in 1994 and 1996. Because of the close occurrence of the two wildfires,
we were unable to seperate the effects of the 24 Command Fire from that of the previous
fire or from the cumulative effects of the two fires.

Seven other Biodiversity Plots were also excluded from sampling after 2002.
Two of the 42 plots sampled in the 2001 sample set were unburned by the 24 Command
Fire and were never included in analyses. One plot sampled in 2001 could not be
relocated in 2002. Another plot was determined to have been mislocated in 2001 and was
relocated in the correct position in 2002; however, lacking data for 2001 this plot proved
of limited utility and had to be left out of most subsequent analyses . Two plots
(Biodiversity plots 105 and 106) were discontinued because of difficulty of access when
field schedules became more crowded. One plot (Biodiversity plot 59), a high elevation
grassland rich in native forbs and in excellent condition in 2001 and 2002 was excluded
because the steep (40°) slope on which it was situated made sampling highly disruptive to
the soils and vegetation of the plot and the surrounding area.

While the vegetation reference plots used in this study represent very well the
native upland shrub-steppe communities of the Arid Lands Ecology Reserve, some types
of vegetation are not represented. Biodiversity plots and BRMaP plots were originally
located subjectively with an intentional bias towards high quality native plant
communities and/or wildlife habitat (Wilderman 1994, PNNL 1997). Biodiversity plots in
particular were chosen to characterize the best observable native plant communities at the
time. Steppe-in-Time sites, while located from a pool of random points within the
shrub-steppe cover class, were accepted as plots locations only if native species
dominated the surrounding plant community. Large areas where alien plant species have
dominated since before the original establishment of these plots were thus not sampled
quantitatively in the course of this study. Special habitats such as riparian areas and

10



talus are not represented by any plots, and lithosol habitats are barely included in portions
of a few transects.

CHEATGRASS DENSITY

Vegetation Plots. Measurements of cheatgrass density were initiated in 2001 in existing
permanent vegetation plots and in new plots established specifically for density
measurements. Density measurements were begun in Biodiversity and BRMaP plots in
2001, and in SIT Plots in 2002.

Density measurements in Biodiversity Plots were recorded as follows. Paired,
parallel 50m transects were positioned along the long (20m) sides of each plot. Transects
began at the photo point end of the plot and extended 30m beyond the end of the plot
(Appendix A, Fig. 1a). In 2001 and 2002, cheatgrass stems were counted within two
randomly located 20cm x 20cm microplots within each Sm segment of the transect (40
microplots/plot). Random points were the same along each parallel transect and
microplots were oriented towards the interior of the plots. In 2003 and 2004, sampling
intensity was reduced to three microplots within each 10m segment of the 50m transects
(30 microplots/ plot).

Measurements in BRMaP and SIT Plots utilized vegetation microplots.
Cheatgrass stems were counted within the 20cm x 20cm subsection of each vegetation
microplot directly adjacent to the transect (Appendix A, Fig. 1b).

Sagebrush Refugia Plots. Refugia plots were non-permanent plots set up to compare
stem densities of cheatgrass between burned areas and adjacent unburned refugia. Plots
were located along the borders of fragments of big sagebrush stands that had escaped the
24 Command Fire and met the following criteria: a bordering area that had obviously
burned in 2000; a distinct enough boundary between burned and unburned areas so that
burned (treatment) and unburned (control) microplots could be placed close together;
soils and other environmental factors appeared to be similar between burned and
unburned sides of the boundary. A border long enough to accommodate a 100m transect
was considered optimal; however, refugia were either too small or distinct boundaries too
discontinuous to achieve this in some cases. Following selection of a site, a baseline
transect was laid out along the border of the refugia and divided into 10m segments.
Within each 10m segment, three secondary transects were run perpendicular to and
crossing the baseline at randomly chosen whole-meter points along the baseline. No
secondary transect could be immediately adjacent to another secondary transect.
Cheatgrass stems were counted within 20cm x 20cm microplots located in random pairs
along secondary transects on each side of and equidistant from the baseline. One pair of
microplots was located at randomly selected points between 2-7m on either side of the
baseline, and the second pair of microplots was located at points between 7-12m. A 2m
setback on either side of the baseline was not sampled, to help absorb the variability in
the fire boundary.

GPS coordinates were recorded for refugia plots, but plots were not permanently
marked. Plots in 2002 through 2004 were placed in approximately the same locations as
plots in 2001.
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Transition Density Plots. Transition Density Plots were established as permanent plots
in 2001 to provide baseline data and to monitor changes in cheatgrass densities from
roadways and other invasive corridors to the interiors of. native plant communities that
were relatively free of cheatgrass. The majority of Transition Plots were located in high-
quality bluebunch wheatgrass — Sandberg’s bluegrass grasslands. Polygons of native
plant communities with low densities of alien species were identified during field
surveys. Plots consisted of a long transect (0.5 — 1.4 km) through the long axis of selected
polygons, with one or more additional transects intersecting perpendicular to the longest
transect. Because of topography and community boundaries, intersection was not always
exactly perpendicular. Transect origins (typically along a road or wash) were marked
with steel ‘T-bar’ fence posts. Transect lines were marked with 2 x 36” rebar at 100m
intervals. All posts and rebar were marked with aluminum tags as follows: “T”
(Transition Plot) followed by a number (the transect number) above, with a second
number, the stake number (identifying distance along the transect) below. For example, a
disk marked as follows:

T1

2

indicates Transition Plot T1 at the 200m point from the origin.

Cheatgrass density was sampled at the origin and every 25m along each transect
(Appendix A, Fig. 1c) as follows: a Im plot frame with 20cm divisions was placed at
each sample point along the transect to the right of the transect line, facing back towards
the origin (the origin itself is an exception to this model, where the plot frame faces away
from the origin along the transect). Cheatgrass stems were counted within the 20cm
subplot closest to the sample point. Cheatgrass density, including the nested 20cm
subplot, was then counted (if n < 25-30) or estimated (if n > 30) within the entire 1m
square. Observations regarding the presence and abundance of cheatgrass and other
invasive species in the general area were recorded at each sample point.

For density analysis in this study, a sampling unit was considered to be a single
long transect or clusters of 2 — 4 short transects within polygons.

OTHER METHODS

GPS Technology and Plot Locations. Plot location coordinates were recorded using a
Garmin etrex Personal Navigator portable GPS unit. Location coordinates for all of the
plots used in this study are presented in Appendix A. Navigation to known fixed points
such as BRMaP plot markers using the Garmin etrex yielded results that were typically
within 2-5 m and never more than 10m from the selected point. Operational settings used
with the portable GPS unit were as follows:

Time: Zone — Pacific

Format — 12 Hr

Position format: UTM/ UPS
Map Datum: NAD27 CONUS
North Reference: Grid
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Environmental Variables. Environmental variables associated with sample plots are
presented in Appendix B. Slope (degrees), aspect, and elevation were recorded for every
plot visited. Aspect values were recorded as magnetic bearings in the field and later
corrected for declination. Prior to correlation analyses, aspect was rescaled
symmetrically about the NE-SW axis to a scale of zero ( the coolest aspects, 45°) to one
(the warmest aspects, 225°) according to the following formula:

(Equation 1) 1 — cos (aspect’ — 45)
2

(McCune and Keon, 2002)

The unitless product of this calculation approximates the influence of aspect upon the
heat load of a site; however it fails to account for the influence of slope angle on solar
incidence. To account for this important variable the following equation was used to
calculate a heat load index:

(Equation 2) 0.339 + 0.808 * cos (latitude) * cos (slope) — 0.196 * sin (latitude)
* sin (slope) - 0.482 * cos (folded aspect) * sin (slope)

(McCune and Keon 2002, Eqn. 3)

With aspect folded symmetrically about the NE-SW axis similarly to Equation 1,
Equation 2 integrates slope, aspect, and latitude into a unitless index of potential heat
load ranging again from zero to one.

Following an examination of soil characteristics, each plot was identified as
belonging to one of three general soil types, silt-loam, stony silt-loam, or sand, based on
Hajek (1966) and Rasmussen (1971). Data on monthly and seasonal precipitation were
taken from the Hanford Meteorological Station (HMS 2004) and the National Weather
Service (NWS 2004).

During the 2001 field season fire severity was estimated based on the following
scale:

0 — Did not burn.

1 — Low severity. Previous year’s standing dead herbaceous biomass entirely removed,
or a few small patches may remain.

2 — Moderate severity. Previous year’s standing dead herbaceous biomass entirely
removed. Previous year’s herbaceous litter mostly to entirely removed. If shrubs
present, branches singed and killed but fine twigs still at least partly present on the snags.
3 -- Moderate-high severity. All or nearly all previous year’s standing and down
herbaceous biomass removed. A few small patches or remnants of charred cheatgrass
mats may remain. If shrubs present, main stems may remain standing but fine twigs are
burned away. Some patches of charred ground present.

4 — High severity (shrublands only). Charred earth common. Shrubs burned down to
short charred stumps or to ground level.
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Percent cover of litter was visually estimated along with cover of vegetation in
BRMaP and SIT microplots. Litter was not recorded in Biodiversity Plots until 2004,
when it was visually estimated in 20cm x 50cm microplots that were extensions of the
20cm x 20cm microplots used for cheatgrass density counts in those plots. Since litter
data was not available for all plots prior to 2004, only 2004 data was used as a variable in
correlation tests.

Land use activities and disturbance. Land uses and related disturbance features on the
ALE Reserve were identified using USGS 7.5 topographic maps, resource documents
(Hinds and Rogers 1991, O’Conner and Rickard 2003) local experts (J. Gaston pers.
comm., J. Downs pers. comm.. Valentine 2001) and personal observations. Distance
from vegetation plots to the nearest identifiable land use disturbance features (Table 1.1)
was plotted from the approximate center of each plot. Information on the spatial extent
of wildfires between 1974 and 2000 was compiled from draft materials made available by
Pacific Northwest National Laboratory, personal accounts (J.L. Downs pers. comm.), and
vegetation maps (Downs et al. 1993). Many potentially important events and practices
have not been mapped or documented and could not be captured in this analysis. These
include disturbances associated with fire suppression activities, military and scientific
activities away from established facilities, and open range livestock grazing. Of seven
natural gas production sites described in Hinds and Rogers (1991) only four are located
on USGS maps. The locations of the remaining developed sites and of up to nine test
wells that were not subsequently developed , are not precisely known. .Valentine (2001)
provided information regarding two gas well sites, but it is not clear whether these were
developed sites or test wells.

For the purposes of analysis, land use and disturbance features were placed into
one of five categories based on shared characteristics (Table 1.1). Pearson’s product-
moment correlation was used to examine possible relationships between cheatgrass
abundance and distance to both specific land uses or disturbance types and the broader
categories.

The presence/ absence of pocket gopher mounds and small mammal burrows
(openings > 2.0 cm) was recorded as indicators of natural disturbance and small mammal
activity for each vegetation microplot in the study. Presence/ absence of these features
was recorded for each vegetation microplot in the study. Pearson’s product-moment
correlation was used to examine possible relationships between cheatgrass abundance and
mean frequency of these factors both individually and combined.

Data Analyses and Presentation. In the presentation of findings that follows, mean
percent cover values for all vegetation plots are combined to give an overall mean value.
By design, the 5m x 20m Biodiversity plots do not yield frequency data, so that
frequency analyses were limited to SIT and BRMP transect microplots. In addition to
overall percent cover, percent cover values from transects only are typically presented
alongside frequency values to allow for direct comparison of these two parameters. The
20 cm x 50 cm quadrat size used along BRMP and SIT transects may allow for more
precise cover estimates in microplots compared to the larger biodiversity plots.
Between-year differences within species or species groups were tested for
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Table 1.1. Land-use activities potentially associated with the proliferation of cheatgrass
(Bromus tectorum) on the ALE Reserve. See text for complete explanation.

Category Activity Period Impacts
Agriculture & | Homesteading 1880-1943 | Soil and vegetation disturbance
Development around homestead sites
Crop agriculture 1880-1943 | Soil and vegetation distrubance
associated with cultivation
Livestock grazing 1880-1967 | Biomass removal; changes in plant
community composition; removal of
microbiotic crust; soil disturbance,
compaction and erosion;
Natural gas 1913-1940 | Soil and vegetation disturbances
exploration & around well sites and associated
homesteads
development
Water Natural springs and 1880-1967 | Concentrated use by livestock;
Features streams (or later) hydrological changes; soil and
Water devel ] vegetation disturbance associated
ater developments with development projects
Corridors Road building and 1880- Perpetual disturbance along linear
maintenance present features that act as corridors and
Powerline ca. 1950 refugia for invasive plant species
development & present
maintenance
Facilities Military facilities 1950-1960 | Soil and vegetation disturbance
associated with heavy construction
and operations
Scientific and ca. 1950 - | Development and maintenance of
communications present facilities along Rattlesnake Summit,
faciliti at Nike site post-1960, at
actities Rattlesnake Spring, and at
groundwater test wells in Cold
Creek Valley
Wildfire & fire suppression Ca. 1950 - | Biomass removal & plant death;
present changes in plant community

structure, composition, nutrient
regimes, etc.; removal of
microbiotic crust; soil disturbance,
erosion.

1 — Features include water tanks, cisterns, & wells.
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significance using single factor repeated measures analysis of variance (ANOVA).
Following significant results from ANOVA, 2004 values were tested against pre-fire
values using paired-sample t tests. Correlations between vegetation data and community
and environmental factors were explored using Pearson’s product-moment correlation.
The significance of correlations greater than r = 0.30 was tested using simple regression
(Zar 1996, Elzinga et al. n.d.). Since data on percent cover of litter was not collected for
Biodiversity Plots until 2004, only that year’s data were used for all correlation analyses
with vegetation plots.

Multivariate analyses. Two methods of multivariate ecological analyses were used to
compare the most recent (2004) vegetation data of ALE study plots with pre-fire records.
Both of these methods provide a measure of plot similarity between the selected sample
years and highlight potential differences in fire effects and recovery trajectories between
plots and community types.

To enhance comparability between years, only perennial plant species data were
used in these analyses. Perennial plant species tend to be the more conspicuous and, as a
group, were probably more accurately and consistently identified and documented by the
multiple observers and methodologies employed over the course of this study. Analyses
of sample plot data indicate that the methodology used in sampling Biodiversity Plots in
1994 tended towards underrepresentation of both native and non-native annual forbs, as
well as the native annual grass Festuca microstachys, in pre-fire data. Early spring
ephemerals and warm season annuals also present problems in terms of accurate
representation in data collected during the April to mid-July sampling period used in this
study. Restricting the analyses to perennial species data reduced these potential sources
of error and focused attention on native climax species as indicators of the status and
trajectories of plant communities affected by the 24 Command Fire.

Compositional similarity of vegetation plots between pre-fire years and 2004 was
compared using Sorensen’s coefficient of similarity (Sc; McCune and Grace 2002, Kent
and Coker 1992). Sc was calculated using quantitative data pairing each plot’s pre-fire
composition against the composition recorded in 2004.

Ordination is a powerful tool for summarizing and revealing patterns in complex
data sets. Post-fire vegetation dynamics on the ALE Reserve were examined using the
community ordination method detrended correspondence analysis (DCA). DCA is a
weighted averaging ordination technique that uses reciprocal averaging to summarize
species and sample data in multi-dimensional ordination space (Hill and Gauch 1980).
DCA is an indirect method of gradient analysis to which environmental information is
applied informally in the interpretation of the community gradients revealed by the
ordination. Ordination axes are scaled so that each unit along the principal axes
represents one half-change in species diversity.

Both pre-fire and 2004 perennial species data from all 70 ALE vegetation plots
were used in DCA, yielding a total data set of 140 samples. Runs of DCA were made
using default settings except in the following instances. Species data were log-
transformed to normalize species abundance curves. Rare species contribute little
information but a great deal of noise to gradient analyses (del Moral, Titus, and Cook
1995); therefore, species occurring in < four sites were removed from the analyses.
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Uncommon species (those with 5-10 occurrences in the data set) were downweighted to
reduce but not entirely remove their influence.

Effect of restoration efforts on vegetation studies. Rehabilitation efforts were begun in
a portion of the study area between the 2002 and 2003 field seasons. Although these
efforts have the potential to affect vegetation patterns within the project area, analyses of
results indicate little effect on cover values or other vegetation parameters during the time
period covered by this study (Section II this volume). Sagebrush plantings were kept
away from the vicinity of reference plots. Percent cover of newly emerging seedlings
was negligible during 2003 and 2004, as is to be expected at this stage. Abundance of
invasive species was statistically similar between treated and untreated areas. The one
area where rehabilitation effects could have made a significant impact on vegetation data
was in terms of percent frequency, where a single emerged seedling, however small,
counts as a record. In order to present a picture of natural recovery following the 24
Command Fire that was not complicated by the early impact of rehabilitation efforts,
frequency records that were clearly contributions of the restoration effort were not
included in the analyses for this section. The authors believe that the data presented here
through 2004 reliably represent natural conditions of unaided recovery on the ALE
Reserve.

Scientific Nomenclature. A list of scientific and common names for vascular plant
species referred to in the text is presented in Table 1.2. Botanical nomenclature follows
Hitchcock & Cronquist (1973). Since the publication of this regional flora, taxonomic
and nomenclatural revisions have been applied to many plant species, particularly
graminoids. A table of synonyms following Kartesz (1999) is presented in Appendix C.
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Table 1.2. Scientific and common names of vascular plant species referred to in the text. Updated
nomenclature based on Kartesz (1999). * = introduced; A = annual; B = biennial; P = Perennial.
Boldface indicates species with nomenclatural changes since Hitchcock and Cronquist (1973).

Common Name

Hitchcock and Cronquist (1973)

Updated nomenclature

Shrubs
spiny hopsage Atriplex spinosa Grayia spinosa P
Wyoming big sagebrush Artemisia tridentata ssp. Artemisia tridentata ssp. P
wyomingensis wyomingensis
threetip sagebrush Artemisia tripartita Artemisia tripartita P
gray rabbitbrush Chrysothamnus nauseosus Ericameria nauseosa P
green rabbitbrush Chrysothamnus viscidiflorus Chrysothamnus viscidiflorus P
winterfat Eurotia lanata Krascheninnikovia lanata P
bitterbrush Purshia tridentata Purshia tridentata P
Hemishrubs
low pussytoes Antennaria dimorpha Antennaria dimorpha P
threadleaf daisy Erigeron filifolius Erigeron filifolius P
Piper's daisy Erigeron piperianus Erigeron piperianus P
parsnip-flowered buckwheat Eriogonum heracleoides Eriogonum heracleoides P
rock buckwheat Eriogonum sphaerocephalum Eriogonum sphaerocephalum P
strict desert buckwheat Eriogonum strictum Eriogonum strictum P
thymeleaf buckwheat Eriogonum thymoides Eriogonum thymoides P
narrowleaf goldenweed Haplopappus stenophyllus Stenotus stenophyllus P
cushion phlox Phlox hoodii Phlox hoodii P
longleaf phlox Phlox longifolia Phlox longifolia P
Graminoids
crested wheatgrass * Agropyron cristatum Agropyron desertorum P
thickspike wheatgrass Agropyron dasystachyum Elymus lanceolatus var. P
lanceolatus
bluebunch wheatgrass Agropyron spicatum Pseudoroegneria spicata P
cheatgrass, downy brome*  Bromus tectorum Bromus tectorum A
Great Basin wildrye Elymus cinereus Leymus cinereus P
Idaho fescue Festuca idahoensis Festuca idahoensis P
Indian ricegrass Oryzopsis hymenoides Achnatherum hymenoides P
bulbous bluegrass* Poa bulbosa Poa bulbosa P
Cusick's bluegrass Poa cusickii Poa cusickii P
Sandberg's bluegrass Poa sandbergii Poa secunda P
winter rye* Secale cereale Secale cereale AB
squirreltail Sitanion hystrix Elymus elymoides P
needle-and-thread Stipa comata Hesperostipa comata P
Thurber's needlegrass Stipa thurberiana Achnatherum thurberiana P
wheat* Triticum aestivum Triticum aestivum A

(Continued)
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Table 1.2 (Continued).

Common Name

Hitchcock and Cronquist (1973)

Updated nomenclature

Forbs

yarrow
annual mountain dandelion
tarweed, fiddleneck
buckwheat milkvetch
Columbia milkvetch
basalt milkvetch
Spalding’s milkvetch
Carey's balsamroot
diffuse knapweed*
Russian knapweed*
Canada thistle*
goosefoot chenopodium
rush skeletonweed*
slender hawksbeard
winged cryptantha
cymopterus

tansy mustard

flixweed tansy mustard*
spring whitlowgrass*
tall willowherb

redstem filaree*

rough chickweed*
prickly lettuce™

Gray's lomatium
biscuit root

spurred lupine

velvet lupine

sulfur lupine

hoary aster

Evening primrose
whiteleaf phacelia
narrowleaf phacelia
Russian thistle™

tumble mustard*
meadow salsify*

Achillea millefolium
Agoseris heterophylla
Amsinckia tessellata
Astragalus caricinus
Astragalus columbianus
Astragalus conjunctus
Astragalus spaldingii
Balsamorhiza careyana
Centaurea diffusa
Centaurea repens
Cirsium arvense
Chenopodium leptophyllum
*no record

Crepis atribarba
Cryptantha pterocarya
Cymopterus terebinthinus
Descurainia pinnata
Descurainia sophia
Draba verna

Epilobium paniculatum
Erodium cicutarium
Holosteum umbellatum
Lactuca serriola
Lomatium grayi
Lomatium macrocarpum
Lupinus laxiflorus
Lupinus leucophyllus
Lupinus sulphureus
Machaeranthera canescens
Oenothera pallida
Phacelia hastata
Phacelia linearis
Salsola kali

Sisymbrium altissimum
Tragopogon dubius

Achillea millefolium
Agoseris heterophylla
Amsinckia tessellata
Astragalus caricinus
Astragalus columbianus

Astragalus conjunctus var. rickardii

Astragalus spaldingii
Balsamorhiza careyana
Centaurea diffusa
Acroptilon repens
Cirsium arvense
Chenopodium leptophyllum
Chondrilla juncea

Crepis atribarba
Cryptantha pterocarya
Cymopterus terebinthinus
Descurainia pinnata
Descurainia sophia
Draba verna

Epilobium brachycarpum
Erodium cicutarium
Holosteum umbellatum
Lactuca serriola
Lomatium grayi
Lomatium macrocarpum
Lupinus arbustus

Lupinus leucophyllus
Lupinus bingenensis
Machaeranthera canescens
Oenothera pallida
Phacelia hastata
Phacelia linearis

Salsola tragus
Sisymbrium altissimum
Tragopogon dubius
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RESULTS

Environmental Measurements. Environmental variables associated with ALE Reserve
study plots are presented in Appendix B. Elevations of vegetation plots ranged from
560’ (171 m) to 3400° (1037 m). Slopes tended to be gentlest (generally 0° — 5°) at lower
elevations, becoming steeper with increasing elevation, up to a maximum of 30° within
vegetation plots. Owing to the SE to NW orientation of Rattlesnake Mountain, 65 of 70
study plots were oriented between 312° (NW) and 110° (ESE) aspects. Heat Load Index
(HLI) varied between 0.510 and 0.922 out of a potential range of zero to 1.000. HLI
tended to vary inversely with elevation, with the highest values occurring at lower
elevations.

Silt loam soils predominated in ALE study plots, characterizing 54 of 70 plots,
mostly at lower and middle elevations. Sandy soils characterized six plots at low
elevations (560° — 675’; 170 — 205 m) in the Cold Creek Valley. Stony silt loams
occurred primarily on the upper slopes of Rattlesnake Mountain (9 plots). Stony silt
loams also occur in the bottoms of some eroded draws at lower elevations; this was
represented by just one plot among the samples.

All four states of estimated fire severity, from low (1) to highest severity (4) were
represented in the study plots. Category 4 was restricted by convention to shrublands
(see Methods). Category 3 was generally associated with sagebrush and winterfat
shrublands, although fire severity in several low and mid-elevation grasslands was also
estimated to have been in this category.

Elevation was strongly correlated with slope (r = 0.76; P <0.0001), moderately
negatively correlated with fire severity (r = -0.49; P <0.0001) and moderately to strongly
negatively coordinated with HLI (r = -0.70; P <0.0001; Table 1.3). HLI was also very
strongly negatively correlated with slope (r =-0.93; P <0.0001), one of the components
of its calculation, which helps to explain the strong negative correlation of HLI with
elevation. Slope was moderately negatively correlated with fire severity (r = -0.45; P
<0.001), reflecting in part the occurrence of a number of category 4 severity shrublands at
lower and middle elevations where gentle slopes prevailed. Other correlations between
environmental variables were weak.

Table 1.3. Correlations between environmental variables in vegetation plots on the ALE
Reserve, pre-fire-2004. All plots (n = 70). Values accompanied by the following
superscripts are significant: a - P <0.0001; b - P <0.001.

Heat

Fire Load

Elevation| Severity | Slope | Aspect | Index

Elevation 1
Fire Severity| -0.49" 1
Slope| 0.76*  -0.45° 1
Aspect| 0.04 -0.05 0.02 1
Heat Load Index| -0.70*  0.40°  -0.93? 0.22 1
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Invasive Species

Cheatgrass cover & frequency. Mean percent cover of cheatgrass (Bromus tectorum)
in the 70 ALE vegetation plots declined by more than 50% in the year following the 24
Command Fire but recovered to pre-fire values by 2002 (Table 1.4a). Cheatgrass cover
in 2004 (10.3% + 11.4 SD) was unchanged from 2003 values and was statistically
indistinguishable from pre-fire values (P = 0.363). Cheatgrass cover ranged from zero to
44.3% in 2004. Thirty-seven of 70 plots (52.9%) exhibited < 5.0% cover, while 6 plots
(8.6%) had > 30.0% cover (Fig. 1.1).

Cheatgrass cover in stands formerly dominated by Wyoming big sagebrush
(Artemisia tridentata ssp. wyomingensis) and winterfat (Eurotia lanata) as well as in low
and middle elevation perennial grasslands recovered to pre-fire levels no later than 2003;
in 2004 these values were statistically indistinguishable from pre-fire values. Cheatgrass
cover along transects in former big sagebrush stands in 2004 (11.8% * 8.6 SD) was still
suppressed below pre-fire values (19.2 % £ 19.8 SD; P = 0.070). This difference was
primarily due to effects observed in sagebrush stands on sandy soils, where cheatgrass
cover in 2004 (19.8 £ 5.0 SD) was still only 54.0% of pre-fire values (36.7% + 4.4 SD; P
=0.003). In contrast, percent cover of cheatgrass in big sagebrush and winterfat stands
on silt loam soils was more than 60% greater in 2004 (13 3% = 13.8 SD) compared to
pre-fire values (8.2% + 14.8 SD; P = 0.163). Cheatgrass cover in threetip sagebrush
(Artemisia tripartita)/ Idaho fescue (Festuca idahoensis) stands was significantly greater
in 2004 (2.8 £ 4.7 SD; P = 0.064) compared to pre-fire values (0.8 = 1.2 SD), but
between-year differences were not significant when only transect data were subjected to
ANOVA.

Mean percent frequency of cheatgrass in 2004 (68.1% + 34.2 SD) was
significantly greater than pre-fire values (48.5 % + 42.0 SD; P < 0.001; Table 1.4b).
Percent frequency in 2004 was similar to 2003 values and was significantly greater than
pre-fire values in all major habitat types (P < 0.05) except higher elevation stands
characterized by threetip sagebrush and Idaho fescue. Cheatgrass was recorded in 68 out
of 70 plots (97.1%) in 2004, the same proportion as in 2002 and 2003. Percent frequency
ranged from zero to 100% with fully 70% of all transects recording frequencies of 75%
or greater (Fig. 1.2). Only one plot (Biodiversity Plot 88, on the high slopes of
Rattlesnake Mountain) has not had cheatgrass recorded within it during the course of this
study.

Percent cover of cheatgrass from 2002-2004 was strongly correlated (r = 0.78 to
0.90; P <0.0001) with percent cover of the preceding year, but percent cover of post-fire
years was only weakly to moderately correlated with pre-fire cover (Table 1.5).

Cheatgrass cover was no more than moderately correlated with any of the
environmental variables (Table 1.5). Cheatgrass cover was moderately negatively
correlated with elevation (r =-0.44; P < 0.001) and with slope ( r =-0.46; P < 0.0001).
Cheatgrass cover was moderately correlated with percent cover of plant litter ( r = 0.49; P
<0.0001) and was somewhat weakly to moderately correlated with heat load (r=0.39;
P <0.001). Percent cover of cheatgrass was only weakly or not at all correlated with the
remaining environmental variables.

Percent cover of cheatgrass exhibited moderate negative correlations with several
plant community variables (Table 1.5). The strongest correlations were between pre-fire
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cheatgrass cover and pre-fire cover of native perennial grasses (r =-0.66; P < 0.001);
between cheatgrass cover and percent cover of native perennial plant species, both before
the fire and in 2004 (r = -0.62; P <0.001); and between cheatgrass cover and native
perennial plant species richness in 2004 (r =-0.55; P <0.001).
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Fig. 1.1. Proportions of vegetation plots (n = 70) in percent cover classes of cheatgrass
(Bromus tectorum) on the ALE Reserve, pre-fire-2004.
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Fig. 1.2. Proportions of vegetation transects (n = 37) in percent frequency classes of
cheatgrass (Bromus tectorum) on the ALE Reserve, pre-fire-2004.
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Fig. 1.3. Proportions of vegetation plots in stem density classes of cheatgrass

(Bromus tectorum) on the ALE Reserve, 2001-2004. Legend units are stems/m”. n =70

all years except 2001, when n = 55..
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Table 1.4. Mean percent cover (a) and frequency (b) of cheatgrass (Bromus tectorum) in ALE Reserve vegetation plots, pre-fire -
2004. ANOVA P values are results of one-way repeated measures ANOVA; t test P values are results of two-tailed paired-sample t
tests between pre-fire and 2004 values only.

a. Percent Cover (£ SD) ANOVA | ttest
n Pre-fire 2001 2002 2003 2004 P P
All Sites | 70 88 (154)| 3.7 (49)| 88 (11.0)| 104 (11.0) | 10.3 (11.4)|<0.0001 | 0.363
All Transects | 37 | 13.6 (18.7)| 34 (5.0)| 7.7 (10.2)| 9.5 (10.8) | 10.4 (10.8) | <0.0001 | 0.226
Big Sagebrush
(and Winterfat) Stands
All Sites | 20 | 153 (18.0)| 29 (3.5 | 11.0 (13.0)| 12.6 (11.1)| 149 (12.4)|<0.0001 | 0.928
All Transects | 12 | 192  (19.8)| 2.1 (3.2)| 84 (11.5)] 9.1 (9.0) | 11.8 (8.6) | <0.0001 | 0.070
Silt Loam Soils | 15 | 82  (14.8)| 2.7 (3.5)| 9.8 (12.5)| 11.7 (11.7)| 13.3 (13.8)| 0.002 | 0.163
Sandy Soils | 5 367 (44) | 33 (3.9)| 144 (154)| 152 (9.6) | 19.8 (5.0) | <0.0001 | 0.003
Grasslands
All Sites | 33 89 (16.0)| 52 (5.8)| 104 (11.2)| 12,6 (11.4)| 11.3 (11.5)| 0.005 0.406
All transects | 17 | 15.6  (20.1)| 5.6 (6.2)| 103 (10.6) | 13.6 (12.4)| 13.4 (12.8)| 0.041 | 0.665
Threetip Sagebrush/
Idaho Fescue Stands
AllSites | 17 | 08 (1.2) | 1.7 (3.2)| 3.1 (54) | 3.6 (73) | 28 (47) | 0.034 | 0.064
All Transects | 8 0.9 (1.1) | 04 (O4]| 1.0 (@15 |13 (@7 | 1.3 (1.7 | 0.124 -
Continued
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Table 1.4 (continued). Mean percent cover (a) and frequency (b) of cheatgrass (Bromus tectorum) in ALE Reserve vegetation plots,
pre-fire - 2004. ANOVA P values are results of one-way repeated measures ANOVA; t test P values are results of two-tailed paired-

sample t tests between pre-fire and 2004 values only.

b. Percent Frequency (= SD) ANOVA | ttest
n Pre-fire 2001 2002 2003 2004 P P
All Transects | 37 | 48.5 (42.0)| 47.0 (38.4)| 58.6 (35.4)| 68.4 (32.8)| 68.1 (34.2)|<0.0001 | <0.001
Big Sagebrush Stands
All Transects | 12 | 55.0 (49.0) | 34.6 (36.8) | 60.0 (34.6) | 72.9 (26.3) | 81.3 (24.5)|<0.0001 | 0.007
Silt Loam Soil Transects | 7 | 22.9 (39.0) | 20.0 (31.0) | 52.9 (31.5)| 61.4 (26.7)| 67.9 (24.5)| <0.0001 | 0.001
Sandy Soil Transects | 5 | 100.0  (0.0) | 55.0 (37.4)| 70.0 (39.8) | 89.0 (16.7) | 100.0 (0.0) | 0.013 --
Grassland Transects 17 | 603 (37.8)| 70.6 (32.5)| 75.0 (29.2) | 832 (26.3)| 79.4 (28.5)| 0.018 0.049
Threetip/Fescue
Transects 8 13.8°  (15.8) | 15.6 (16.1)| 21.9 (20.3) | 30.0 (24.3)| 24.4 (20.3)| 0.013 0.175
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Table 1.5. Correlation coefficients of environmental and community variables with
percent cover of cheatgrass (Bromus tectorum) in ALE Reserve vegetation plots (n = 70),
pre-fire -2004. Coefficients accompanied by the following superscripts are significant: a
-P <0.0001;b-P<0.001;c-P<0.005;d-P<0.01;e-P<0.05.

Percent Cover

Pre-fire 2001 | 2002 | 2003 2004
Cheatgrass  Pre-fire 1
Cover 2001 0.28 1
2002  0.40° 0.78° 1
2003  0.40° 0.79° 0.90° 1
2004  0.50° 0.70° 0.86° 0.90° 1
Pre-Fire Shrub Cover 0.08 -0.23 -0.07 -0.07 0.10
Litter]  0.34° 0.45° 0.37°¢ 0.44° 0.49°
Elevation| -0.31¢ -0.23 -0.37°¢ -0.43° -0.44°
Fire 0.25 -0.08 0.15 0.12 0.28
Slope|  -0.31° -0.24 -0.37°¢ -0.44° -0.46
Aspect|  -0.08 -0.14 -0.16 -0.06 -0.07
Heat Load Index 0.26 0.20 0.30° 0.39° 0.39°
Native Pre-fire| -0.62° -0.29 -0.40° -0.47° -0.46°
Perennial 2001 -0.38° -0.20 -0.38°¢ -0.40° -0.48°
Cover 2002| -0.47° -0.18 -0.41° -0.44° -0.56°
2003| -0.48° 0.32°¢ -0.48° -0.52° -0.61°
2004 -0.51° -0.30°¢ -0.45° -0.51° -0.62°
Native Pre-fire -0.66° -0.16 -0.30 -0.34°¢ -0.39°
Perennial 2001 -0.37°¢ -0.23 -0.34°¢ -0.34°¢ -0.42°
Grass Cover 2002 -0.42° -0.10 -0.27 -0.27 -0.40°
2003| -0.42° -0.23 -0.36°¢ -0.41° -0.50°
2004| -0.43° -0.19 -0.32°¢ -0.38°¢ -0.47°
Native Pre-fire -0.48% -0.17 -0.30°¢ -0.34°¢ -0.41°
Perennial 2001| -0.32°¢ -0.23 -0.35°¢ -0.38°¢ -0.42°
Warm Season  2002|  -0.36° -0.25 -0.38°¢ -0.44° -0.50°
Grass Cover  2003| -0.35°¢ -0.26 -0.40° -0.43° -0.51°
2004 -0.34°¢ -0.19 -0.34°¢ -0.41° -0.48°
Native Pre-fire| -0.43° -0.18 -0.37°¢ -0.42° -0.51°
Perennial 2001| -0.42° -0.23 -0.41° -0.45° -0.56°
Richness 2002| -0.41° -0.24 -0.39° -0.45° -0.53°
2003 -0.34°¢ -0.23 -0.38°¢ -0.43° -0.53°
2004 -0.35°¢ -0.30°¢ -0.44° -0.49° -0.55°
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Table 1.6. Correlation coefficients of environmental and community variables with
percent frequency of cheatgrass (Bromus tectorum) in ALE Reserve vegetation transects
(n = 37), pre-fire -2004. Coefficients accompanied by the following superscripts are
significant: a-P <0.0001;b-P <0.001;c-P <0.005;d-P<0.01;e-P<0.05.

Percent Frequency

Pre-fire | 2001 | 2002 2003 2004
Cheatgrass  Pre-fire 1
Frequency 2001 0.64" 1
2002  0.60° 0.80° 1
2003  0.66° 0.73° 0.88° 1
2004,  0.69° 0.69° 0.86° 0.93° 1
Cheatgrass Pre-fire|  0.79° 0.37°¢ 0.46° 0.52° 0.59°
Cover 2001 0.37° 0.69° 0.50°¢ 0.49°¢ 0.47°¢
2002| 0.48° 0.66° 0.63° 0.59° 0.58°
2003  0.54° 0.68° 0.66° 0.68° 0.68°
2004|  0.54° 0.53° 0.58° 0.66° 0.69°
Pre-Fire Shrub Cover -0.19 -0.49° -0.31 -0.23 -0.08
Litter]  0.32 0.56° 0.52°¢ 0.48 € 0.44¢
Elevation| -0.49°¢ -0.37°¢ -0.55° -0.66% -0.75°
Fire 0.13 -0.16 0.05 0.12 0.28
Soil|  0.44¢ 0.05 0.02 0.08 0.18
Slope| -0.39°¢ -0.37°¢ -0.50°¢ -0.60° -0.70°
Aspect|  0.13 0.07 -0.03 -0.06 -0.16
Heat Load Index|  0.43¢ 0.39°¢ 0.52°¢ 0.59° 0.66*
Native Pre-fire -0.84% -0.61% -0.61% -0.64% -0.67%
Perennial 2001  -0.18 0.00 -0.32 -0.40° -0.56°
Cover 2002  -0.31 -0.07 -0.37° -0.46° -0.61°
2003| -0.38° -0.18 -0.46°¢ -0.52° -0.68°
2004 -0.46° -0.22 -0.46° -0.52° -0.68°
Native Pre-fire -0.85% -0.39° -0.49°¢ -0.56° -0.64?
Perennial 2001 -0.06 0.15 -0.14 -0.22 -0.37°¢
Grass Cover ~ 2002|  -0.20 0.14 -0.12 -0.21 -0.38°¢
2003  -0.24 0.06 -0.22 -0.28 -0.46°¢
2004  -0.27 0.07 -0.17 -0.27 -0.42°¢
Native Pre-fire -0.61° -0.15 -0.34°¢ -0.40°¢ -0.45°¢
Perennial 2001  -0.22 -0.03 -0.29 -0.38°¢ -0.48°¢
Warm Season 2002 -0.30 -0.07 -0.30 -0.40° -0.49°¢
Grass Cover ~ 2003|  -0.17 0.10 -0.19 -0.22 -0.36°¢
2004/  -0.18 0.11 -0.12 -0.21 -0.29
Native Pre-fire| -0.38° -0.29 -0.45¢ -0.55° -0.62°
Perennial 2001| -0.37°¢ -0.21 -0.45¢ -0.57° -0.69°
Richness 2002| -0.49°¢ -0.41° -0.57° -0.69° -0.78°
2003| -0.48°¢ -0.34°¢ -0.53° -0.62° -0.67°
2004| -0.43¢ -0.42¢ -0.64° -0.69° -0.75
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Percent frequency of cheatgrass was strongly negatively correlated with elevation
(r=-0.75; P <0.0001) and slope (r =-0.70; P <0.0001) in 2004 (Table 1.6). Frequency
was moderately correlated with heat load (r = 0.66; P < 0.0001) and with litter (r = 0.44;
P <0.01). Correlations with other environmental variables were weak.

Percent frequency of cheatgrass was strongly correlated with the previous year’s
frequency from 2002-2004 (r = 0.80 to 0.93; P < 0.0001). Frequency was moderately to
strongly correlated within years with percent cover of cheatgrass during all years of the
study (r=0.63 to 0.79; P <0.0001), although the pre-fire correlation was the highest.
Frequency from 2002-2004 was also moderately to strongly correlated with percent cover
of the previous year (r = 0.66 all years; P < 0.0001).

Percent frequency of cheatgrass was strongly negatively correlated with native
perennial species richness (r =—0.75; P <0.0001) in 2004. This strength of this
correlation has increased each year since 2001. Correlations between cheatgrass
frequency and variables of total native perennial cover, total perennial grass cover, and
cover of large warm season perennial grasses exhibited somewhat similar patterns of
negative correlation. The highest within year correlations were between pre-fire values.
Following the wildfire, coefficients were greatly diminished. By 2004 the correlation
with native perennial cover was moderately to strongly negative (r = -0.68; P <0.0001)
and the correlation with total native perennial grass cover was moderately negative (r = -
0.42; P <0.05) while the correlation with large warm season perennial grasses remained
weak.

Percent cover of cheatgrass in SIT transects with complete long-term records
outside of the ALE Reserve (“Benton plots”) ranged between 7.3% (£ 13.4 SD) and 8.8%
(£ 12.3 SD) from 1992 to 2001 ( Fig. 1.4), but values were not significantly different
between years. (ANOVA, P =0.996; Table 1.7). Cheatgrass cover in SIT transects on
the ALE Reserve closely paralleled that of the Benton plots from 1992 through 1997. In
2000, just prior to the 24 Command Fire, percent cover increased sharply (16.3% + 17.9
SD) compared both to the previous year on ALE (8.6% =+ 15.1 SD) and compared to
Benton plots in 2000 (8.8% % 7.3 SD), although neither difference was significant (P >
0.200). Cheatgrass cover on ALE fell to its lowest values (4.6% + 4.7 SD) in 2001
following the fire. Again, this figure was not significantly different from other years’
values on the ALE Reserve (P = 0.317) or from cover in Benton plots during the same
year (P=0.114)

ANOVA indicated no significant between-year differences in percent frequency
of cheatgrass in Benton plots (P = 0.343). Although ANOVA did indicate a significant
difference between years for plots on the ALE Reserve (P = 0.002), no difference was
found by a Scheffé multiple comparisons test (o = 0.05).
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Fig. 1.4. Percent over of cheatgrass (Bromus tectorum) in Steppe-in-Time plots on the
ALE Reserve (“ALE Plots”) and elsewhere in Benton County (“Benton Plots”), 1992-
2004. No data was available for Benton plots after 2001. Bars indicate & one standard
error. Dashed line indicates trend of ALE plots following the 24 Command Fire. There
were no significant differences within years between the two groups.
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Table 1.7. Percent Cover and frequency of cheatgrass (Bromus tectorum) in Steppe-in-Time transects on the ALE Reserve (‘ALE

Transects’) and elsewhere in Benton County (‘Benton Transects’), 1992-2004. ANOVA P values are the results of single factor

ANOVA; within-year P values are the results of two-tailed independent sample t tests. n.d. = no data.

ANOVA
1992 1993 1997 2000 2001 2002 2003 2004 P
Cover
ALE Transects| 12.0 (13.0)| 9.0 (10.4)| 8.6 (15.1)|16.3 (17.9)| 4.6 (4.7)| 9.0 (9.1) |11.7 (11.1) [11.4 (10.9)| 0.317
Benton Transects| 8.3 (13.7)| 7.3 (13.4)| 7.8 (12.0)| 8.8 (12.3)| 8.3 (12.4)| --n.d.-- --n.d.-- --n.d.-- 0.996
P value, within years|  0.449 0.687 0.891 0.206 0.114 --n.d.-- --n.d.-- --n.d.--
Frequency
ALE Transects| 40.0 (31.0)|37.5 (32.8)|38.2 (30.9)|70.0 (31.6)| 65.0 (37.9)| 72.3 (32.2)| 72.3 (32.2)| 72.3 (32.2)| 0.002
Benton Transects| 44.3 (35.1)| 34.3 (38.5)|36.5 (37.2)| 54.8 (34.6)|43.4 (33.9)| --n.d.-- --n.d.-- --n.d.-- 0.343
P value, within years|  0.710 0.802 0.892 0.297 0.499 --n.d.-- --n.d.-- --n.d.--
Number of Plots
ALE Transects 12 12 11 15 15 15 15 15
Benton Transects 23 23 23 23 16 --n.d.-- --n.d.-- --n.d.--
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Cheatgrass density. Values for cheatgrass density in burned areas were at their
lowest in 2001 following the 24 Command Fire in all types of plots (Table 1.8, Table
1.9). Density in burned plots increased dramatically in 2002 but densities in different
plot types exhibited somewhat differing trends in 2003 and 2004.

Mean density of cheatgrass in all vegetation plots was statistically higher in 2004
(376.1 stems/m” + 479.3 SD) compared to 2003 (282.5 stems/m”+ 338.4 SD; P = 0.002;
Table 1.8). This difference was due to large increases in density in sagebrush and
winterfat plots, while density in other habitat types remained similar between years.
Density ranged from zero to 1911.7 stems/m?, with ten or fewer stems/m” being recorded
in ten out of 70 samples and more than 1,000 stems/m” recorded in ten plots at the other
extreme (Fig. 1.3). In contrast to vegetation plots, cheatgrass density in transition density
plots in 2004 (147.9 stems/m”+ 104.1 SD) was statistically similar to 2003 values (142.3
+93.6 SD; P =0.653).

In 2001, the first growing season following the fire, cheatgrass density in burned
areas adjacent to unburned refugia was lower (164.3 stems/m”+ 185.1 SD) than density
in the refugia themselves (279.4 stems/m” + 236.9 SD; P = 0.097 Table 1.9), suggesting
that the wildfire reduced density by more than 40.0%. From 2002 to 2004 density within
burned areas was numerically greater than in refugia, although the difference has not
always been statistically significant. The difference between burned areas (487.2
stems/m” + 334.7) and refugia (389.8 stems/m” + 388.6) was not significant in 2004 (P =
0.112).

Cheatgrass density in refugia fluctuated between 262.8 stems/m” (+ 265.8 SD) and
459.9 stems/m” + 358.1 SD) in the years since the 24 Command Fire, but values have
remained statistically similar (P = 0.169). Density in adjacent burned areas was lowest in
2001 (164.3 stems/m” + 185.1 SD) and highest in 2002 (562.2 stems/m” + 410.3;

P <0.0001). Values in 2003 and 2004 were in the intermediate to higher parts of this
range but were not significantly different from either extreme (Table 1.9).

Cheatgrass density in vegetation plots was strongly correlated with percent cover
of cheatgrass (r = 0.67 to 0.95; P <0.0001; Table 1.10) both within and between years
following the 24 Command Fire. The strongest correlation between these two factors
was observed in 2004. Correlation between density and pre-fire cover of cheatgrass
tended to be weak to moderate. Cheatgrass density in 2004 was moderately correlated
with litter (r = 0.46; P < 0.0001) and moderately negatively correlated with slope
(r=-0.41; P <0.001). Correlations with other environmental variables were weak.
Density was also moderately negatively correlated with native perennial species richness
(r=-0.54; P <0.0001), percent cover of native perennials (r = -0.50; P <0.0001), and
percent cover of large warm season perennial grasses (r = -0.46; P <0.0001).

Cheatgrass density in burned over big sagebrush and winterfat stands was
significantly greater in 2004 (547.9 stems/m” + 582.0 SD) than in 2003 (297.7 stems/m’
+399.2 SD; P =0.002). In contrast, density in all other plots was statistically unchanged
between 2003 and 2004 (P = 0.203; Table 1.8)
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Table 1.8. Mean densities of cheatgrass (Bromus tectorum) in vegetation and density
plots on the ALE Reserve, 2001-2004. ANOVA P values are the result of standard single
factor ANOVA; t test P values are results of two-tailed paired-sample t tests applied
between 2004 and 2003 data only.

Cheatgrass density (stems/m?® + SD) ANOVA | ttest
2001 2002 2003 2004 P P
Vegetation Plots

Alll 282 (38.9)[314.8 (396.2) [282.5 (338.4) [376.1 (479.3)[<0.0001] 0.002

n 55 70 70

Sagebrush &

winterfat plots| 24.4 (39.8)[262.3 (381.5) [297.7 (399.2) |547.9 (582.0)|<0.0001| 0.002

n 18 20 20
All Other Plots| 30.1 (38.9)[329.3 (410.4) [275.2 (324.5) [307.4 (418.9)] <0.001 | 0.203

n 37 50 50
Transition Density| 10.5 (9.0) | 76.7 (52.8) |142.3 (93.6) |147.9 (104.1)[<0.0001| 0.653

Plots n 17 17 17

Table 1.9. Mean densities of cheatgrass (Bromus tectorum) in unburned refugia and
adjacent burned areas on the ALE Reserve, 2001-2004. Between-year P values are
results of standard single factor ANOVA; values with the same superscript are
significantly different (Tukey 0.05). Burn v. Refugia P values are the result of paired-
sample t tests.

Cheatgrass density
(stems / m? + SD)
P value
n Refugia |Burned Areas |Burn v. Refugia
2001 19 | 279.4 (236.9)| 164.3* (185.1) 0.097
2002| 17 | 475.9 (358.1)[562.2% (410.3) 0.371
2003| 17 | 262.8 (265.8)| 395.3 (228.6) 0.008
2004 17 | 389.8 (388.6)| 487.2 (334.7) 0.112
P value - Between Years 0.169 0.001
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Table 1.10. Correlation coefficients of environmental and community factors with stem
density of cheatgrass (Bromus tectorum) in ALE Reserve vegetation plots, 2001 -2004.
Coefficients accompanied by the following superscripts are significant: a - P <0.0001; b
-P<0.001;¢c-P<0.005;d-P<0.01;e - P<0.05.

Cheatgrass Density
2000 | 2002 | 2003 | 2004
Cheatgrass 2001 1
Density 2002 0.88" 1
2003  0.76% 0.84° 1
2004/  0.71% 0.71° 0.88° 1
Cheatgrass  Pre-fire 0.23 0.36 0.31 0.45°
Cover 2001 0.67% 0.82% 0.78% 0.67%
2002  0.79° 0.83° 0.86° 0.83°
2003  0.73° 0.85° 0.91° 0.85°
2004  0.66° 0.73% 0.85° 0.95°
Pre-Fire Shrub Cover -0.25 -0.23 -0.11 0.07
Litter]  0.22 0.52° 0.44 0.46°
Elevation| -0.40° -0.30°¢ -0.37°¢ -0.39°
Fire 0.02 0.00 0.07 0.25
Slope|  -0.33° -0.31¢ -0.37°¢ -0.41°
Aspect|  -0.04 -0.11 -0.08 -0.09
Heat Load Index|  0.30° 0.27 0.32¢ 0.35°¢
Native Pre-fire| -0.34°¢ -0.42° -0.34°¢ -0.37°¢
Perennial 2001 -0.23 -0.28 -0.29 -0.39°
Cover 2002  -0.26 -0.29 -0.32¢ -0.48°
2003| -0.31° -0.37°¢ -0.41° -0.54°
2004  -0.25 -0.39° -0.37°¢ -0.50°
Native Pre-fire|  -0.09 -0.25 -0.21 -0.31¢
Perennial 2001  -0.12 -0.23 -0.22 -0.32¢
Grass Cover 2002 -0.11 -0.13 -0.13 -0.16
2003  -0.16 -0.26 -0.28 -0.42°
2004  -0.09 -0.27 -0.22 -0.36°¢
Native Pre-fire|  -0.15 -0.22 -0.28 -0.37°¢
Perennial 2001  -0.27 -0.30°¢ -0.36°¢ -0.39°
Warm Season  2002|  -0.27 -0.35°¢ -0.40° -0.46°
Grass Cover ~ 2003| -031° -0.30°¢ -0.39° -0.49°
2004  -0.22 -0.319 -0.37°¢ -0.46°
Native Pre-fire| -0.37¢ -0.30°¢ -0.35°¢ -0.50°
Perennial 2001 -0.32°¢ -0.26 -0.36°¢ -0.51°%
Richness 2002| -0.37¢ -0.33¢ -0.39° -0.50°
2003 -0.37¢ -0.34°¢ -0.41° -0.52°
2004|  -0.45° -0.37°¢ -0.45° -0.54°
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Table 1.11. Correlation coefficients of microbiotic crust (MBC) cover with abundance
measures of cheatgrass (Bromus tectorum) in ALE Reserve vegetation plots, pre-fire -

2004. Coefficients accompanied by the following superscripts are significant: a- P <

0.0001; b-P <0.001; c-P<0.005;d-P<0.01;e- P <0.05.

Percent Cover MBC

Pre-fire | 2001 | 2002 | 2003 | 2004
Cheatgrass  Pre-fire -0.40° -0.22 -0.29 -0.27 -0.21
Cover 2001 -0.24 -0.14 -0.16 -0.20 -0.20
2002 -0.27 -0.18 -0.23 -0.25 0.28
2003] -0.34° -0.20 -0.28 -0.29 -0.29

2004 -0.28 -0.29 -0.35° -0.36° -0.334¢
Cheatgrass  Pre-fire -0.72° -0.16 -0.17 -0.08 -0.04
Frequency 2001 -0.36° 0.18 0.11 0.05 0.07
2002 -0.39°¢ 0.03 -0.06 -0.12 -0.07
2003  -0.43¢ -0.06 -0.17 -0.24 -0.14
2004 -041° -0.17 -0.29 -0.34° -0.25
Cheatgrass 2001 -0.13 0.16 0.09 -0.01 -0.07
Density 2002 -0.28 -0.11 -0.15 -0.17 -0.16
2003 -0.29 -0.07 -0.10 -0.18 -0.20
2004 -0.23 -0.19 -0.24 -0.32¢ -0.29

Relationship of cheatgrass abundance to microbiotic crust cover. Pre-fire percent
cover of microbiotic crust (MBC) was strongly negatively correlated with pre-fire percent
frequency of cheatgrass (r =—0.72; P < 0.0001). Some relationship between pre-fire
MBC and cheatgrass frequency was also apparent from 2001 through 2004, although the
correlations were weaker (Table 1.11). Pre-fire cover of MBC was also moderately
negatively correlated with pre-fire percent cover of cheatgrass (r = -0.40; P <0.001) but
the two factors were only weakly correlated in subsequent years. Other correlations
between cheatgrass abundance and MBC cover were only weakly or not at all correlated.

Relationship of cheatgrass abundance to disturbance and land use factors.
Cheatgrass abundance was generally poorly correlated with land use and disturbance
measures recorded by this study (Table 1.12). The only moderate correlations were
between percent frequency of cheatgrass from 2001 through 2003 and both number of
fires since 1974 and number of years since last wildfire before 2000 (r = 0.40 to 0.57; P <
0.05). Correlations between both pre-fire and 2004 frequency were weak, however. All
other correlations between cheatgrass abundance and disturbance and land use factors
were only weakly or not at all correlated.
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Table 1.12. Correlation coefficients of disturbance and land use factors with abundance
measures of cheatgrass (Bromus tectorum) in ALE Reserve vegetation plots, pre-fire -
2004. Coefficients accompanied by the following superscripts are significant: b - P <
0.001; c-P <0.005;d-P<0.01;e-P<0.05.

a. Cheatgrass Cover Pre-fire | 2001 | 2002 | 2003 | 2004
Frequency Animal Mounds| -0.03 -0.16 -0.16 -0.16 -0.13
Animal Holes|  0.25 -0.04 0.13 0.06 0.00
Mounds + Holes|  0.07 -0.15 -0.07 -0.11 -0.13
Distance Active Road| -0.20 0.02 0.22 0.10 0.03
Any Road'| -0.20 0.10 0.24 0.14 0.12
Any Corridor?|  -0.23 0.11 0.25 0.15 0.11
Active Points®|  -0.16 0.22 0.17 0.24 0.09
Any Point’|  0.00 0.02 0.04 0.05 0.01
Any Water Feature’|  -0.10 0.20 0.26 0.34¢ 0.27
Fire Number Since 1974 | -0.12 0.23 0.16 0.18 0.00
Years Since Last Fire] -0.12 0.31° 0.15 0.22 0.03
b. Cheatgrass Frequency Pre-fire | 2001 | 2002 | 2003 | 2004
Frequency Animal Mounds -0.22 -0.22 -0.12 -0.17 -0.21
Animal Holes|  0.00 0.00 0.15 0.10 0.24
Mounds + Holes| -0.16 -0.20 -0.09 -0.15 -0.11
Distance Active Road| -0.27 -0.18 -0.13 -0.17 -0.27
Any Road'| -0.20 -0.11 0.06 -0.02 -0.04
Any Corridor?|  -0.29 -0.16 -0.05 -0.03 -0.09
Active Points®|  -0.17 0.20 0.14 0.24 0.17
Any Point*|  -0.08 0.00 -0.02 0.07 0.00
Any Water Feature’| -0.03 0.15 0.12 0.13 0.13
Fire Number Since 1974|  0.16 0.54° 0.40° 0.46° 0.34°
Years Since Last Fire]  0.25 0.57° 0.41° 0.43¢ 0.29
c. Cheatgrass Density 2001 | 2002 | 2003 | 2004
Frequency  Animal Mounds -0.21 -0.17 -0.13 -0.09
Animal Holes 0.20 0.05 0.02 0.02
Mounds + Holes -0.06 -0.12 -0.11 -0.07
Distance Active Road| 0.31° 0.03 0.19 0.05
Any Road'|  0.36¢ 0.05 0.22 0.13
Any Corridor?’l  0.36¢ 0.06 0.23 0.12
Active Points’ 0.17 0.24 0.24 0.08
Any Point* 0.03 0.08 0.10 0.01
Any Water Feature’|  0.28 0.25 0.33¢ 0.21
Fire Number Since 1974 0.24 0.22 0.24 0.06
Years Since Last Fire 0.22 0.28 0.23 0.02
1 — Nearest road whether currently active or abandoned. 2 — Nearest road or powerline corridor.

3 — Points include scientific, military, communication, or maintenance facilities, homesteads, natural gas
and groundwater test wells,, gravel pits, and other point disturbances.
4 — Any point whether currently active or abandoned. 5 — Springs, tanks, cisterns, or wells.



Alien Forbs. Alien forbs were recorded in 68 of 70 vegetation plots in 2004. With the
exception of a single perennial forb species (Cirsium arvense, BRMaP 20/ PC1) in 2002,
all alien forbs recorded in vegetation plots during the course of this study were annuals or
biennials (Table 1.13).

Mean percent cover and frequency as well as species richness of alien forbs
tended to be greatest in 2003 regardless of plot type or habitat type. Values for all three
parameters declined in 2004. Both percent cover and percent frequency of alien forbs in
2004 were statistically similar to pre-fire values (P > 0.250) except in big sagebrush and
winterfat plots (Table 1.14a, b). Overall alien forb richness also declined from 2003 to
2004, but was still greater than pre-fire values in Biodiversity Plots (see below) as well
as in big sagebrush and winterfat plots (Table 1.14c). Values for all three parameters
tended to be greatest in big sagebrush and winterfat plots.

Abundance of alien forbs was greatest in plots formerly dominated by big
sagebrush or winterfat. Mean percent cover of alien forbs in these burned-over
shrublands (7.3% =+ 5.1 SD) was double that of all vegetation plots in 2004 (Table 1.14a).
Mean percent frequency (93.3% =+ 7.8 SD) was also substantially higher, and mean
species richness was somewhat higher, in former shrublands compared to overall means
(Table 1.14b, ¢). As with the overall means, means for each of these parameters in
burned over shrublands were greater in 2003 than in 2004. In contrast with overall
values, however, cover and frequency in these former shrublands were statistically
greater in 2004 compared to pre-fire values (P < 0.001).

Alien forb abundance values were not uniform between plot types. Much lower
pre-fire values for alien forb cover and richness were recorded in Biodiversity Plots
compared to other plot types. The Sm x 20m sample unit used in Biodiversity Plots is
relatively insensitive to low abundances of small-statured, ephemeral species such as
spring whitlow-grass (Draba verna) and rough chickweed (Holosteum umbellatum)
compared to the transect-and-microplot based methodologies of the Steppe-in-Time and
BRMaP Plots. Moreover, detection of these species in detail was not an objective of the
original Biodiversity survey, as it was from 2001 through 2004. Beginning in 2001, alien
forb abundance in biodiversity plots was more nearly within the range of values observed
in transect-based plots, although values remained consistently lower in Biodiversity plots
throughout the study (Table 1.14a, ¢).

Percent cover of alien forbs was moderately correlated with fire severity (r = 0.60;
P <0.0001) and pre-fire shrub cover (r = 0.53: P <0.0001; Table 1.15). Both cover (r = -
0.48) and richness of alien forbs (r = -0.55) were moderately negatively correlated with
native perennial species richness in 2004 (P < 0.0001). Percent frequency of alien forbs
was strongly negatively correlated with elevation (r = -0.76), percent cover of native
perennial species (r = -0.83), and with percent cover of perennial grasses (P < 0.0001).
Alien forb frequency was also moderately negatively correlated with native perennial
species richness (r = -0.65) and moderately correlated with fire severity (r = 0.65 in 2004
(P <0.0001). Correlations of alien forb abundance with cheatgrass cover ranged from r =
0.44 to r=0.46 (P <0.005).

The abundance of individual alien forbs in 2004 tended to decline or remain
similar to 2003 values. Nevertheless, tumble mustard (Sisymbrium altissimum), Russian
thistle (Salsola kali), and redstem filaree (Erodium cicutarium) were statistically more
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abundant in 2004 compared to pre-fire values (P < 0.005; Table 1.16). Both percent

cover and frequency of tumble mustard decreased in 2004 for the first time in the course
of this study. However, the species still accounted for the greatest percent cover among

the alien forbs in 2004 (2.0% + 2.8 SD) as it has each year following the 24 Command

Fire.

Both tumble mustard and spring whitlow-grass have been nearly ubiquitous in
ALE vegetation plots since 2001. Rough chickweed had been equally ubiquitous in
2003; however, cover and frequency of this species declined considerably in 2004 and
were significantly reduced compared to pre-fire values. Both rough chickweed and
spring whitlow grass are small-statured spring ephemerals which may be undersampled
and occasionally even overlooked, especially in larger sample units such as those in
Biodiversity Plots. Percent cover and frequency of Russian thistle remained similar to
2003 values in 2004, but the proportion of plots in which the species was recorded
continued to increase annually as it has since 2001. Percent cover at maturity of this
warm season annual is greatly underestimated during the April-June field season, when
its annual growth is just beginning. This may also be somewhat true for prickly lettuce
(Lactuca serriola), although this species does not appear to be anywhere dense except

along roadsides and similarly disturbed places.

Table 1.13. Alien forbs encountered in ALE Reserve vegetation plots, pre-fire - 2004. A

= annual; B = biennial.

Scientific name Common name Habit
Descurainia sophia flixweed, tansy mustard A
Draba verna spring whitlow grass A
Erodium cicutarium filaree A
Holosteum umbellatum rough chickweed A
Lactuca serriola prickly lettuce A/B
Salsola kali Russian thistle; tumbleweed A
Sisymbrium altissimum tumble mustard A
Tragopogon dubius meadow salsify A/B
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Table 1.14. Percent cover (a), frequency (b), and species richness (c) of alien forbs in ALE Reserve vegetation plots, pre-fire - 2004.
ANOVA P values are results of one-way repeated measures ANOVA; t test P values are results of two-tailed paired-sample t tests.

a. Percent Cover (+ SD) ANOVA | ttest
n Pre-fire 2001 2002 2003 2004 P P
All Sites 70 2.5 29| 35 (29| 51 @6)| 7.0 (57| 32 (4.0) | <0.0001 | 0.254

Biodiversity Plots | 33 | 0.6  (1.1)| 32 (1.6)| 3.7 (2.5)| 58 (53)] 2.6 (1.3) | <0.0001 |<0.0001
BRMaP Transects | 22 5.0 3.00| 28 (28)| 54 (5.0)0| 85 (6.3)| 3.8 (44) | <0.0001 | 0.332
SIT Transects | 15| 3.1  (28)| 53 (44)| 80 (63)| 7.5 (.| 3.7 (29) | 0.002 | 0.609
All Transects 37 4.2 3.00| 3.8 (37| 64 (56)| 81 (59)| 3.8 (3.8) | <0.0001 | 0.578

Big Sagebrush & Winterfat Plots

AllSites | 20 | 1.8 (25| 2.1 (1.7)] 69 (5.0)|10.1 (6.8)| 7.3 (5.1) | <0.0001 | <0.0001

All Transects | 12 2.7 29| 1.2 (1.3)]| 84 (52)| 12,5 (6.4)| 7.5 (4.0) | <0.0001 |<0.0001
Silt-Loam Soils | 15 | 2.0  (2.9)| 26 (1.6)| 74 (49| 112 (7.5 | 84 (5.3) | <0.0001 | <0.001
Sandy Soils | 5 1.0 (1.0)] 04 (03)| 54 (55 ] 66 (22)| 3.8 (1.8) | 0.008 | 0.019

b. Percent Frequency (= SD) ANOVA | ttest
n Pre-fire 2001 2002 2003 2004 P P

BRMaP Transects | 22 | 70.0 (28.9) | 51.4 (26.3)| 73.9 (25.4)| 91.4 (9.3) | 60.9 (35.6) | <0.0001 | 0.458
SIT Transects 15| 653 (36.2)| 88.0 (16.1)| 90.3 (19.1)| 84.3 (16.4)| 61.0 (31.4)| 0.004 | 0.620
All Transects 371 68.1 (31.7)| 66.2 (28.9)| 80.5 (24.2)| 88.5 (12.9)| 60.9 (33.5)| <0.0001 | 0.368

Big Sagebrush Transects

All Transects | 12| 542 (29.2) | 41.7 (26.5)| 77.9 (23.2) | 96.7 (3.9) | 93.3 (7.8) | <0.0001 | <0.001
Silt-Loam Soils | 7 | 72.9 (20.2) | 45.5 (24.3)| 723 (29.8) | 77.1 (41.5)| 75.6 (38.8) | <0.0001 | 0.022
Sandy Soils | 5 | 28.0 (16.4)|24.0 (21.9)] 59.0 (25.3)| 94.0 (4.2) | 87.0 (7.6) | <0.0001 | 0.001

Continued
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Table 1.14 (continued). Percent cover (a), frequency (b), and species richness (c) of alien forbs in ALE Reserve vegetation plots, pre-
fire - 2004. ANOVA P values are results of one-way repeated measures ANOVA; t test P values are results of two-tailed paired-

sample t tests.

Species Richness (= SD) ANOVA | ttest
n Pre-fire 2001 2002 2003 2004 P P
All Sites 70 2.0 1.8 32 (@13)| 3.1 (1.0)| 34 (1.0)| 3.0 (1.3) | <0.0001 | <0.0001
Biodiversity
Plots 33 0.7 1.H| 32 (12)| 28 (1.0)| 3.1 (1.0)] 2.6 (1.3) | <0.0001 | <0.0001
BRMaP
Transects 22 3.0 (1.2) 29 (13)| 33 (1.0)| 3.6 (0.8)| 3.3 (1.1) | 0.080 0.296
SIT Transects 15 3.5 1.8 3.7 (L.)| 3.6 (09| 3.7 ((1.1)| 3.5 (1.1) 0.966 --
All Transects 37 3.2 (1.5 32 (@13)] 34 (L.0)| 3.7 (09| 34 (L.1) 0.250 --
Big Sagebrush & Winterfat Plots
All Sites | 20 1.9 (1.5 28 (1.3)| 32 (1.3)| 39 (09| 3.7 (0.7) | <0.0001 | <0.0001
All Transects | 12 2.8 (1.0 22 (09)| 33 (1.3)| 40 (09| 3.7 (0.8) | <0.0001 | 0.011
Silt-Loam Soils | 15 1.7 (1.6)| 3.1 (1.1)| 3.6 (1.2)| 41 (1.0)| 3.8 (0.8) | <0.0001 | <0.001
Sandy Soils | 5 24 1) 16 (1. 20 (07 32 (04| 32 (04 0.016 0.099
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Table 1.15. Correlations coefficients of community and environmental variables with a)
percent cover and frequency, and b) richness of alien forbs in vegetation plots on the
ALE Reserve, Pre-fire-2004. Values accompanied by the following superscripts are
significant: a-P <0.0001;b-P <0.001; c-P <0.005;d-P<0.01;e-P<0.05.

a. Alien forbs
Percent Cover Percent Frequency
Pre-fire| 2001 | 2002 | 2003 | 2004 |Pre-fire| 2001 | 2002 | 2003 | 2004
Pre-Fire Shrub Cover| -0.04 -024 025 033° 0.3 | -0.33° -0.68* -0.12 036° 0.39°
Litter| 0.33% 046 045° 027  0.27 0.13 048 031 -0.09 0.33°
Elevation| 0.11 0.15 -026 -023 -042°| 0.01 0.09 -045% -0.46° -0.76"
Fire Severity| -0.15  -025 029 039" 0.60* | -0.37° -0.57° -0.12 0.45° 0.65°
Slope| -0.07 -0.03 -021 -022 -0.33*| -0.07 014 -0.15 -021 -0.39°
Aspect| 0.05  -0.06 -0.08 -026 -0.10 | -0.14 020 -021 -036° -0.13
Heat Load Index| 0.15 003 018 018 028 007 -007 007 010 038
Cheatgrass cover Pre-fire| 0.04 0.14 032 0.17 0.24 -029  -0.08 0.0l 0.14  0.36°
2001| 0.03  047° 010 0.07  0.l11 0.13 043 017 005 020
2002| -0.10 034° 006 0.16 034° | -0.03 024 -003 -0.03 033°
2003| -0.07 041° 0.18 0.15 0.26 0.00 029 0.14  -0.06 0.40°
2004/ -0.08 037° 029 021 044° | -0.12 013  0.12  0.02 045
Native Perennial Pre-fire| 0.02 -0.09 -029 -0.13 -0.21 0.08 -0.28  -0.31 -0.14 -0.43¢
Cover 2001 -0.26  0.04 -0.34° -030° -0.48 | 0.03 045 -0.01 -0.38 -0.68"
2002| -0.07  0.13 -0.48 -045" -0.62* | 022  040° -0.11 -037° -0.84°
2003| -0.07  0.06 -0.49° -0.42° -0.64* | 0.13 032 -021 -0.40° -0.87°
2004/ -0.09  0.00 -0.52* -0.35° -0.59* | 0.20 028 -020 -031 -0.83°
Perennial Grass Pre-fire| -0.11 0.00 -0.30  -0.21 -0.34° 0.39°¢ 0.08 -0.17  -021 -0.57°
Cover 2001 -0.32° -0.01 -0.32¢ -030° -045°| 0.12  0.50° 0.12 -029 -0.53"
2002| -0.12 -0.05 -0.15 -020 -0.18 | 034 052° 0.09 -029 -0.70°
2003| -0.07  0.06 -0.44° -0.40° -0.58" | 0.35° 047° 000 -036° -0.77°
2004| -0.10  0.02 -0.46* -0.39° -0.57°| 0.45° 044* -0.01 -037° -0.77°
Native Perennial Pre-fire| -0.04 002 -021 -0.17 -038 | 0.0l 0.15 -029 -0.52° -0.48°
Richness 2001 -0.08  0.11 -031¢ -026 -0.55"| 0.00 029 -030 -0.48 -0.71°
2002| -0.10  0.02 -034° -0.18 -047*| -0.01 0.13 -032 -042° -0.59°
2003| -0.04 -0.05 -036° -023 -046*| 0.11 0.02 -041° -038 -0.61°
2004/ -0.10 -0.01 -034° -020 -048 | -0.16 -0.04 -047° -0.40° -0.65
Continued
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Table 1.15 (continued), Correlations coefficients of community and environmental

variables with a) percent cover and frequency, and b) richness of alien forbs in vegetation

plots on the ALE Reserve, Pre-fire-2004. Values accompanied by the following

superscripts are significant: a- P <0.0001;b-P <0.001;c-P <0.005;d-P <0.01;e-

P <0.05.

b. Alien Forb Richness
Pre-fire| 2001 | 2002 | 2003 | 2004
Pre-Fire Shrub Cover| -0.10 -020 0.16 021 021
Litter] 0.52° 024 041° 018 04°
Elevation| -0.13  0.09 -0.10 -021 -0.46°
Fire Severity| -0.03  -0.15 021 023 036
Slope| -026  -0.02 -0.16 -024 -0.46
Aspect| 0.03 0.09 006 -023 -0.25
Heat Load Index| 0.27 0.08 0.18 0.20 0.45°
Cheatgrass cover  Pre-fire| 0.38°  -0.03  0.06 024  0.32¢
2001 0.20 029 001 018 027
2002 0.13 0.18 -0.07 0.07 036
2003| 0.19 0.17 -0.05 017 042°
2004| 0.17 0.09 001 017 046"
Native Perennial ~ Pre-fire| -0.40° -0.01 -0.05 -0.24 -0.32¢
Cover 2001| -0.39® 015 -023 -0.32¢ -047°
2002| -029 022  -0.16 -0.37° -0.48
2003 -0.33*  0.19  -0.17 -0.39° -0.51°
2004| -0.36° 020 -0.22 -024 -047°
Perennial Grass Pre-fire| -0.42° 003  -0.05 -037° -0.36°
Cover 2001| -0.42° 016 -0.17 -0.37° -0.40°
2002| -0.18 -0.05 -0.04 -0.01 -0.07
2003| -0.27 024  -0.08 -0.39° -0.38°
2004 -0.28 023 -0.14 -033° -0.39°
Native Perennial Pre-fire| -0.19 0.07 -0.19 -0.21 -0.46°
Richness 2001 -0.28 0.19 -0.19  -0.28 -0.49°
2002 -0.36°  0.07 -0.17 -0.33% -0.54°
2003| -025 0.04 -021 -023 -0.53°
2004| -032¢ 007 -0.17 -031% -0.55°
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Table 1.16. Percent cover (a) and frequency (b) of selected common alien forb species in ALE Reserve vegetation plots, pre-fire -
2004. ANOVA P values are results of one-way repeated measures ANOVA; t test P values are results of two-tailed paired-sample

t tests.
a. # Plots (n = 70) Cover (x SD;n = 70)
Pre- ANOVA | ttest
Species fire | 2001 | 2002 | 2003 | 2004 Pre-fire 2001 2002 2003 2004 P P
Sisymbrium <
altissimum 19 39 54 58 57 02 (06)| 1.1 21|18 (B.1)|3.6 (52)] 2.0 (2.8)]<0.0001 | 0.0001
Erodium
cicutarium 4 10 11 14 18 0.1 (03)] 0.1 (04)] 03 (0.8)]| 0.3 (0.8)| 0.5 (0.8)| <0.001 0.004
<
Salsola kali 4 3 9 17 24 0.1 (02)]01 (02)]06 (22)]05 (14)]06 (09| 0.005 0.0001
Draba verna 34 59 59 63 59 0.7 (1208 (07|11 (12)]1.6 (15|14 (2.8)] 0.025 0.174
Holosteum
umbellatum 33 45 47 58 34 0.7 (1.2)] 07 (1.0)] 09 (1.1)| 2.0 (3.3)]| 0.3 (0.4)|<0.0001 | 0.002
Lactuca
seriola 17 13 10 19 10 0.1 (03)]01 (03)]0.1 (03)] 0.1 (0.3)] 0.1 (0.2)| 0472 --
Tragopogon
dubius 18 41 11 4 11 03 (08)1]05 (051]01 (03)]0.1 (02)] 0.2 (0.4) ] 0.002 0.345
Continued
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Table 1.16 (continued). Percent cover (a) and frequency (b) of selected common alien forb species in ALE Reserve vegetation plots,
pre-fire - 2004. ANOVA P values are results of one-way repeated measures ANOVA; t test P values are results of two-tailed paired-

sample t tests.

b. Frequency ((= SD; n = 37) ANOVA t test
Species Pre-fire 2001 2002 2003 2004 P P
Sisymbrium altissimum 8.4  (142)| 164 (24.7)| 33.2 (33.6) | 36.1 | (35.4)| 31.1 (32.7) | <0.0001 | <0.0001
Erodium cicutarium 54 (179 3.0 (94 | 30 (8.1) | 43 [(102)| 6.2 (12.8)| 0.348 -
Salsola kali 0.0 (0.0) | 0.0 (0.0) | 81 (21.6)| 155 | (31.0) | 15.2 (28.5) | <0.0001 0.002
Draba verna 452  (36.0) | 46.2 (29.1)| 584 (34.2)| 60.4 | (21.4)| 374 (31.7)| <0.001 0.295
Holosteum umbellatum | 39.0  (30.8) | 28.3 (29.1) | 50.8 (37.6) | 49.6 | (28.8) | 13.3 (15.3) | <0.0001 | <0.0001
Lactuca seriola 13.8  (22.6)| 2.6 (7.3) | 2.7 (6.8) | 47 | (9.6) | 2.7 (6.4) | <0.0001 | 0.008
Tragopogon dubius 6.2 (12.1)| 88 (14.9)| 0.3 (1.1) | 0.0 | (0.0) | 1.0 (2.8) | <0.0001 0.018
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Native Species and Communities

Shrubs. The 24 Command Fire dramatically reduced the cover and frequency of large
dominant shrubs in ALE Reserve study plots (Table 1.17). Dominant shrubs were
entirely removed from all big sagebrush stands in the path of the wildfire. Percent cover
of Wyoming big sagebrush (Artemisia tridentata ssp. wyomingensis) in 17 shrub-
dominated plots decreased from a pre-fire mean of more than 20.0% to zero immediately
following the fire, while big sagebrush frequency in microplots declined from 53.8% (+
30.1 SD) to zero. Big sagebrush does not resprout following fire. Four years after the 24
Command Fire percent cover and frequency of big sagebrush remain far below pre-fire
levels (P < 0.0001) with cover at only 0.3% (£ 0.4 SD) and frequency at just 2.1 % (£ 5.8
SD). While both cover and frequency of big sagebrush have increased slightly within
vegetation plots since 2001, in 2004 sagebrush seedlings occurred in only 5 of 17 plots
where the species had been dominant prior to the 24 Command Fire. In general, chance
encounters by the TNC field crew with big sagebrush seedlings remote from surviving
adult plants have increased every year since 2001, when such observations were
extremely rare. While no quantitative data were collected regarding incidental
observations, such encounters were not uncommon in 2004. In one instance a small stand
of eight or more well-established seedlings was observed in a draw near an existing
vegetation plot (SIT 14E).

Spiny hopsage (Atriplex [= Grayia] spinosa), a common associate of big
sagebrush in lower elevation stands, was apparently eliminated from burned areas.
Percent cover of spiny hopsage in study plots remained at 0.0% in 2004, down from a
pre-fire mean of 5.8% (£ 3.4 SD: P = 0.004), while frequency remained at 0.0%, down
from 9.0% prior to the fire (£ 4.2 SD; P = 0.009).

Percent cover of both threetip sagebrush (Artemisia tripartita) and winterfat
(Eurotia lanata) was reduced but not eliminated from burned stands (Table 1.17a).
These species, along with gray and green rabbitbrush (Chrysothamnus spp.), are capable
of resprouting from their crowns following fire. Observations suggest that where dense
stands (>10% cover in study plots) of these species occurred, many individuals were
killed outright by the more intense fires generated by woody fuels. Where these species
were more scattered, resprouting was common. Cover of threetip sagebrush in 2004
(2.8% + 2.8 SD) was still far below pre-fire values (8.2 % = 5.8 SD; P =0.011).
Frequency of threetip sagebrush also remained depressed compared to pre-fire values (P
=0.013; Table 1.17b). Percent cover of winterfat was reduced from 13.3% (+5.8 SD) to
0.7% (0.6 SD) in 2001 and had recovered only to 1.7 % (£ 1.2 SD; P = 0.088) by 2004.

Fire severity was strongly correlated with pre-fire shrub cover (r =0.78; P <
0.0001). Other correlations of environmental variables with pre-fire shrub-cover were
only weakly or not at all correlated.
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Table 1.17. Mean percent cover (a) and frequency (b) of dominant large shrubs (Wyoming big sagebrush [Artemisia tridentata ssp.
wyomingensis], spiny hopsage [Atriplex (=Grayia) spinosa], threetip sagebrush [Artemisia tripartita], and winterfat [Eurotia lanata])
in ALE Reserve vegetation plots, pre-fire — 2004. Analysis of spiny hopsage included all stands where the species was present.
Analyses of other species included only stands where percent cover > 5.0 %. ANOVA P values are results of one-way repeated
measures ANOVA; t test P values are results of two-tailed paired-sample t tests.

a. Percent Cover (£ SD) ANOVA | ttest
n Pre-fire 2001 2002 2003 2004 P P

Big Sagebrush

All Plots 17 205 (73)| 0.0 (0.0)| 0.1 (0.3)| 02 (0.3)| 03 (0.4)]| <0.0001 | <0.0001

All Transects 12 201 (9.2)| 0.0 (0.0)| 0.03 (0.1)| 0.06 (0.1) | 0.1 (0.3)| <0.0001 | <0.0001

Spiny Hopsage
All Plots 7 58 (34)| 00 (0.0)| 0.0 (0.0)] 0.0 (0.0)| 0.0 (0.0) | <0.0001 | 0.004
All Transects 5 42  (24)] 0.0 (0.0)| 0.0 (0.0)| 0.0 (0.0)| 0.0 (0.0)|<0.0001 | 0.017

Threetip Sagebrush

All Plots 11 8.2 G| 14 (12| 1.5 (1.2)| 27 @27)| 2.8 (2.8)| <0.0001 0.011

All Transects 7 8.1 (7.1)| 0.8 (0.8)| 09 (09| 1.5 @@13)| 1.6 (1.7)| <0.001 0.041

Winterfat -- All

Plots 3 133 (5.8)] 0.7 (0.6)] 1.0 (0.0)]| 1.7 (1.2)| 1.7 (1.2) 0.002 0.088
Continued
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Table 1.17 (continued). Mean percent cover (a) and frequency (b) of dominant large shrubs (Wyoming big sagebrush [Artemisia
tridentata ssp. wyomingensis], spiny hopsage [Atriplex (=Grayia) spinosa], threetip sagebrush [Artemisia tripartita], and winterfat
[Eurotia lanata]) in ALE Reserve vegetation plots, pre-fire — 2004. Analysis of spiny hopsage included all stands where the species
was present. Analyses of other species included only stands where percent cover > 5.0 %. ANOVA P values are results of one-way
repeated measures ANOVA; t test P values are results of two-tailed paired-sample t tests.

b. Percent Frequency (+ SD) ANOVA | ttest
n Pre-fire 2001 2002 2003 2004 P P
Big Sagebrush 12 | 538 (30.1)| 0.0 (0.0) | 1.3 (23)| 0.8 (1.9) | 2.1 (5.8) | <0.0001 | <0.0001
Spiny Hopsage 5 9.0 42) | 00 (0.0) | 0.0 (0.0 00 (00) | 0.0 (0.0) | <0.0001 | 0.009
Threetip Sagebrush | 7 28.6 (184)| 129 (122)| 93 (8.9)] 10.0 (10.4) | 15.0 (12.6)| <0.0001 | 0.013
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Hemishrubs. Longleaf phlox (Phlox longifolia), threadleaf fleabane, (Erigeron filifolius)
and many other hemishrubs commonly encountered in ALE Reserve study plots (Table
1.18) are able to resprout following wildfire. Mean percent cover of hemishrubs
decreased by more than 50 % following the 24 Command Fire. However, overall cover
has increased annually since 2002, and in 2004 exceeded pre-fire values (3.2 % + 4.0 SD;
P =0.035; Table 1.19a). Mean percent frequency of hemishrubs also returned to pre-fire
values following a small decrease after the fire, and by 2004 had increased marginally
over pre-fire values (P = 0.078). Mean richness of hemishrubs changed only slightly
following the fire, and values in 2004 were statistically similar to pre-fire values (P =
0.531).

Percent cover of hemishrubs was only weakly or not at all correlated with
community and environmental variables (Table 1.20a). Percent frequency in 2004 was
moderately correlated with slope (r = 0.45; P <0.01) as well as with percent cover (r =
0.55; P <0.001) and richness (r = 0.47; P < 0.005) of native perennials. Frequency in
2004 was moderately negatively correlated with percent cover of cheatgrass in 2004 (r = -
0.63; P <0.0001), as well as with heat load (r = - 0.52; P < 0.005), and litter (r =- 0.47; P
<0.005).

Hemishrub richness in 2004 was moderately correlated with slope (r = 0.66; P <
0.0001) as well as with elevation (r = 0.50; P <0.0001; Table 1.20b). Richness was also
moderately correlated with native perennial richness (r = 0.67; P <0.0001) and less
strongly with native perennial cover (r = 0.44; P <0.001). Hemishrub richness was
moderately negatively correlated with heat load (r =- 0.59; P < 0.0001) and with percent
cover of cheatgrass in 2004 (r =- 0.50; P < 0.0001).

Longleaf phlox, the most abundant and widespread of the hemishrubs on ALE,
exhibited a pattern of change following the 24 Command Fire that was very similar to
that of overall hemishrub abundance. By 2004 percent cover and frequency of longleaf
phlox were statistically similar to, but did not exceed, pre-fire values (Table 1.19b).

Table 1.18. Occurrence of selected common hemishrubs in ALE Reserve vegetation
plots, pre-fire - 2004. Habitats characterized by Eriogonum thymoides, Phlox hoodii, and
other hemishrubs associated with lithosolic substrates were sampled only peripherally.

Plots Plots
Scientific Name Common Name pre-fire 2004
Antennaria dimorpha low pussytoes 13 18
Erigeron filifolius threadleaf daisy 25 22
Erigeron piperianus Piper's daisy 5 7
Eriogonum heracloides parsnip-flowered buckwheat 7 6
Eriogonum strictum strict buckwheat 8 3
Phlox hoodii cushion phlox 2 2
Haplopappus stenophyllus  narrowleaf goldenweed 3 3
Phlox longifolia longleaf phlox 52 58
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Table 1.19. Percent cover, frequency, and richness of hemishrubs in vegetation plots on

the ALE Reserve, Pre-fire -2004. a) all hemishrubs; b) Phlox longifolia (longleaf phlox).

ANOVA P values are results of single factor repeated measures ANOVA. ttest P values
are the results of comparisons of pre-fire and 2004 values using paired-sample t tests.

a. All Values (+ SD) ANOVA | ttest
Hemishrubs | n Pre-fire 2001 2002 2003 2004 P P
Percent

Cover 70 2.1(2.7) 0.9 (0.8) 2.4 (3.0) 3.1(3.6) 3.2(4.0) |<0.0001 | 0.035
Percent

Frequency |37 | 31.5(25.8) | 25.5(25.3) | 31.6(24.3) | 35.5(27.8) | 39.3(30.3) 0.002 0.078
Species

richness 70 1.7 (1.3) 1.5 (1.0) 1.6 (1.1) 1.6 (1.1) 1.8 (1.2) 0.068 0.531
b. Phlox ANOVA | ttest
longifolia n Pre-fire 2001 2002 2003 2004 P P
Percent

Cover 70 1.5(2.2) 0.7 (0.7) 2.3(3.0) 233.2) 2.4 3.2) |<0.0001]0.277
Percent

Frequency |37 | 0.3(0.3) 0.3 (0.1) 0.3 (0.3) 0.3 (0.3) 0.4 (0.3) 0.053 0.120

48




Table 1.20. Correlation coefficients of community and environmental variables with a)
percent cover and frequency, and b) richness of hemishrubs in vegetation plots on the
ALE Reserve, Pre-fire-2004. Values accompanied by the following superscripts are
significant: a-P <0.0001;b-P <0.001;c-P <0.005;d-P<0.01;e-P<0.05.

a. Hemishrubs
Percent Cover Percent Frequency
Pre-fire| 2001 | 2002 | 2003 | 2004 |Pre-fire| 2001 | 2002 | 2003 | 2004
Pre-Fire Shrub Cover| 0.04 -0.19 -0.01 0.06 0.11 | -0.01 -0.12 -0.03 0.03 0.09
Litter| -0.07 -0.36° -0.33% -0.37° -0.35°| -0.14 -0.33° -0.40° -0.51° -0.47°
Elevation| 0.07 0.19 -0.06 -0.05 -0.09| 0.05 0.36° 0.39° 034° 0.31
Fire Severity| -0.06 -0.22 0.04 -0.02 0.08 | -0.06 -0.25 -0.14 -0.14 -0.06
Slope| 0.09 0.33% 0.11 0.10 0.01 | 0.34° 0.53° 0.49° 030 0.45°
Aspect| -0.13  -0.04 0.04 0.07 -0.04| -021 -0.04 -0.07 -0.10 -0.12
Heat Load Index| -0.08 -0.25 -0.07 -0.05 0.1 |-0.43% -0.60 -0.51° -0.31 -0.52°
Cheatgrass cover Pre-fire | -0.33° -0.23 -0.27 -0.27 -0.26 | -0.63" -0.41° -0.48° -0.35° -0.39
2001 -0.01 -0.20 -0.24 -0.19 -0.15| -0.07 -0.38° -0.45° -0.36° -0.46°
2002| -0.13 -0.22 -0.24 -024 -0.13 | -0.21 -0.46° -0.47° -0.47° -0.54°
2003| -0.13 -0.25 -0.22 -0.17 -0.03 | -0.26 -0.52° -0.56° -0.54° -0.61°
2004 -021 -0.36° -0.33° -0.30° -0.21 | -0.30 -0.56 -0.60° -0.57° -0.63"
Native Perennial Pre-fire| 026 0.19 0.12 0.10 0.05 | 0.41° 036° 0.41° 045 0.449
Cover 2001| 0.03 027 0.1 0.18 007 | 0.12 046° 032 023 0.32
2002| -0.01 031 020 0.17 0.09 | 0.15 0.51° 045 040° 0.40°
2003| 0.01 0.37° 0.18 0.19 0.09 | 0.13 0.57° 0.49° 0.48° 0.46°
2004/ 0.11 039" 020 027 019 | 024 0.63* 058" 0.59* 0.55°
Perennial Grass  Pre-fire] 0.09 021 0.15 0.05 -0.04 | 0.52° 043% 0439 040° 0.39°
Cover 2001| -0.13 0.19 0.11 0.12 0.02 | 0.14 044 027 0.16 0.27
2002| -0.07 0.06 -0.04 -0.09 -0.07| 021 0.52° 0.41° 0.35° 0.36°
2003| -0.08 027 0.04 0.00 -0.09| 0.13 0.50° 0.36° 0.36° 0.34°
2004| -0.02 027 0.05 0.05 -0.06| 0.18 0.47° 0.40° 041° 035°
Native Perennial Pre-fire] 020 030 0.18 023 0.16 | 0.17 030 0.42° 028 0.29
Richness 2001| 0.08 0.34° 0.17 020 0.13 | 0.13 042¢ 0439 036° 0.36°
2002| 0.11 0.33° 0.16 0.19 0.11 | 0.18 047° 0.52° 0.43* 045
2003| 0.19 036% 0.18 023 0.11 | 022 044% 0.52° 0.50° 0.45¢
2004/ 0.04 027° 0.11 0.14 0.05 | 0.11 047° 0.50° 0.45% 047
Continued
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Table 1.20 (continued). Correlation coefficients of community and environmental
variables with a) percent cover and frequency, and b) richness of hemishrubs in
vegetation plots on the ALE Reserve, Pre-fire-2004. Values accompanied by the
following superscripts are significant: a - P <0.0001;b-P <0.001;c-P <0.005;d-P
<0.01;e-P<0.05.

b. Hemishrub Richness
Pre-fire| 2001 | 2002 | 2003 | 2004
Pre-Fire Shrub Cover| -0.23 -0.32¢ -0.22 -0.18 -0.32¢
Litter| -0.36° -0.46* -0.43° -0.37° -0.43°
Elevation| 0.47° 0.49° 0.49*° 0.33% 0.50°
Fire Severity| -0.31¢ -0.43" -0.38° -0.24 -0.36°
Slope| 0.53  0.68 0.66" 0.55* 0.66
Aspect| -0.03 -0.12 -0.13 0.00 -0.02
Heat Load Index| -0.48 -0.65 -0.59° -0.44° -0.59"
Cheatgrass cover Pre-fire | -0.43° -0.33¢ -0.34° -0.18 -0.23
2001| -0.20 -0.33° -0.29 -0.27 -0.29
2002| -0.31¢ -0.39° -0.33¢ -0.30° -0.33°
2003| -0.42° -0.45* -0.44° -0.37° -0.43°
2004| -0.50° -0.58* -0.53" -0.45" -0.50°
Native Perennial Pre-fire| 0.41° 0.40° 0.44° 028 0.37°
Cover 2001 0.43° 0.70° 0.53* 0319 0.42°
2002 0.43° 0.57° 047° 024 0.43°
2003| 0.44° 0.61° 0.51° 0319 0.48°
2004 0.43° 0.67° 0.53* 030 0.44°
Perennial Grass  Pre-fire| 0.40° 0.47*° 0.39° 0.23 0.38°
Cover 2001 0.25 0.62*° 0.41° 023 0.34°
2002| 0.17 0.16 0.01 -0.14 0.09
2003 0.27 0.51* 037 020 0.33¢
2004/ 0.30% 0.55° 041 020 0.35°
Native Perennial Pre-fire| 0.65* 0.57* 0.63* 0.46* 0.61°
Richness 2001 0.53* 0.66° 0.61° 0.45* 0.59°
2002| 0.52* 0.63* 0.67° 0.53* 0.61°
2003| 0.54* 0.61° 0.65° 0.60* 0.65
2004| 0.48* 0.60° 0.64> 0.56* 0.67°
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Table 1.21. Record of observations of Piper’s daisy (Erigeron piperianus) in and around
vegetation plots on the ALE Reserve, pre-fire — 2004. Observations in vicinity of
vegetation plots are reported only when the species is not recorded within the sample

--in vicinity

Biodiversity 46 — in vicinity
Biodiversity 55 — in vicinity
Biodiversity 56 — in vicinity
Biodiversity 96 — in vicinity

Total within plots
Total in vicinity

Total observations

—
()}

—_—
\S]

area.
b. Number of Observations
Pre-fire 2001 2002 2003 2004
BRMaP 8 --in microplots 0 0 0 0 0
(3 transects) --in vicinity 2 0 0 0 0
BRMaP 23  --in microplots 0 0 0 Not Not
(3 transects) --in vicinity 1 1 0 Sampled | Sampled
BRMaP 24  --in microplots 1 0 1 1 1
(5 transects) --in vicinity 4 2 1 1 4
SIT 14E --in microplots 1 0 0 0 1
--in vicinity 0 1 1 1 0
SIT 14W  --in microplots 1 0 1 1 0
--in vicinity 0 1 0 0 1
SIT 67E --in microplots 0 1 0 0 0
--in vicinity 0 0 0 0 0
SIT 326 --in microplots 0 0 0 1 0
--in vicinity 0 0 0 0 0
Biodiversity 42 --in plot 0 1 1 1 1
--in vicinity 0 0 0 0 0
Biodiversity 43 --in plot 0 1 0 0 1
--in vicinity 0 0 0 0 0
Biodiversity 44 --in plot 1 0 1 1 1
--in vicinity 0 1 0 0 0
Biodiversity 47 --in plot 1 1 1 1 1
--in vicinity 0 0 0 0 0
Biodiversity 50 --in plot 1 1 1 1 1
--in vicinity 0 0 0 0 0
Biodiversity 51 --in plot 0 1 0 0 0
0 0 0 0 0
1 0 0 0 0
1 0 0 0 0
0 0 0 0 1
0 0 0 0 1
6 6 6 7 7
9 6 2 2 7
8 9

,_
N
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The hemishrub Piper’s daisy (Erigeron piperianus) is a regional endemic found
only in the Columbia Basin of Washington state, and is categorized as sensitive by the
Washington Natural Heritage Program (WNHP 2000, 1997). Prior to the 24 Command

Fire, small numbers of Piper’s daisy were recorded in each of the reference plot types

used in this study. The number of overall observations of Piper’s daisy decreased during
the first years following the 24 Command Fire, although the number of records within

plots remained relatively constant (Table 1.21). By 2004 the number of observations
within and nearby to vegetation plots was similar to the number of observations made
before the fire .

Percent cover of Piper’s daisy declined slightly following the 24 Command Fire,

but increased gradually in subsequent years (Table 1.22). Cover in 2004 (3.4 % + 6.6

SD) was numerically greater than pre-fire values (0.7 % + 1.2 SD); however, this
difference was at best only marginally significant (P = 0.125). Percent frequency, based
on data from only four transects, did not vary significantly between years (P = 0.827).
In general, Piper’s daisy was observed scattered across the lower slopes of Rattlesnake

Mountain between approximately 700” and 1400 a.s.l., generally within the area of

occurrence suggested by Caplow and Beck (1995). In 2001 this species appeared to be
widely scattered, occurring singly or in clusters of a few plants. In a few instances larger
clusters of 10-30 plants were observed. By 2004 incidental observations were very
common. Plants appeared to be considerably more numerous (or at least more
conspicuous) as well as more robust. Circumstantial evidence in support of this

observation comes from the fact that the species was recorded for the first time in the
vicinity of Biodiversity Plots 56 and 96 in 2004. Areas of dense concentrations (e.g.,
greater than 15 % cover of this species was recorded in Biodiversity Plot 44 in 2004)

were more commonly observed throughout the area, and these areas appeared to be more
extensive than in 2001.

Table 1.22. Abundance of Piper’s daisy (Erigeron piperianus) in vegetation plots on the
ALE Reserve, pre-fire — 2004. ANOVA P values are results of single factor repeated
measures ANOVA. ttest P values are the results of comparisons of pre-fire and 2004
values using paired-sample t tests.

Abundance (+ SD) of Erigeron piperianus ANOVA | ttest
n | Pre-fire 2001 2002 2003 2004 P P
Percent
Cover 10| 0.7(1.2) | 0.6(0.5) | 0.8(1.2) | 2.5(4.1) | 3.4(6.6) | 0.155 | 0.125
Percent
Frequency | 4 | 3.8(4.8) | 2.5(5.0) | 3.8(4.8) | 6.3 (4.8) | 3.8 (4.8) | 0.827 |-
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Native Grasses. Mean percent cover of native perennial bunchgrasses declined by more
than 50 % in 2001 (19.3% £ 15.1 SD) relative to pre-fire observations (38.9% +22.2
SD; Table 1.23a). Large warm season bunchgrasses such as bluebunch wheatgrass
(Agropyron spicatum), Idaho fescue (Festuca idahoensis), needle-and-thread (Stipa
comata, S. thurberiana), and others were affected more than the cool season perennial
Sandberg’s bluegrass (Poa sandbergii). Mean percent cover of large warm season
bunchgrasses declined by more than 70% over all vegetation plots where they occurred.
Bluebunch wheatgrass, the dominant large bunchgrass over most of the ALE Reserve at
elevations above 800 — 900’ (240-275 m), declined in cover from 20.1% (+ 16.4 SD)
prior to the fire to 5.8% (£ 7.1 SD) in 2001. While percent cover of bluebunch
wheatgrass has more than doubled since 2001, percent cover in 2004 was still only two-
thirds of pre-fire values (13.4% + 11.3 SD; P <0.0001). Similar or greater reductions in
percent cover were observed for both Idaho fescue and needle-and-thread following the
fire; by 2004 neither of these two species had recovered as much as 40 % of their pre-fire
cover (Table 1.23a).

In contrast, Sandberg’s bluegrass exhibited cover losses of only 20% to 40% the
first year following the 24 Command Fire. Of the major dominant bunchgrasses, only
Sandberg’s bluegrass appears to have completely recovered in terms of abundance
following the fire. Cover values for Sandberg’s bluegrass numerically exceeded pre-fire
values as early as 2002, and values in 2004 (14.3 % + 7.9 SD) were statistically similar to
pre-fire values (13.0 % + 9.4 SD; P = 0.288).

Changes in percent frequency of perennial bunchgrasses following the 24
command fire were not as great as the declines recorded for percent cover (Table 1.23b).
Mean percent frequency declined only slightly in 2001 (78.2 % + 28.9 SD) compared to
pre-fire values (82.7 % + 29.1 SD), and was statistically similar to pre-fire values in 2004
(81.1 % +26.9 SD; P =0.568). Even where post-fire declines were greatest, as in big
sagebrush transects and in Festuca and Stipa stands, frequency values had generally
recovered substantially to pre-fire levels by 2004 or earlier. Again, Sandberg’s bluegrass
contrasted with other native bunchgrasses; although frequency increased numerically
from pre-fire values to 2004, differences were not significant (P = 0.330).

Although overall species richness of perennial bunchgrasses declined somewhat
just after the 24 Command fire, by 2004 richness was statistically similar to pre-fire
values (P =0.417). The most dramatic effect was observed in big sagebrush stands,
where the decline in richness was still marginally significant in 2004 (P = 0.110; Table
1.23c).

The strongest correlations between environmental variables and native perennial
bunchgrass cover in 2004 were moderate negative correlations with fire severity (r = -
0.62; P <0.0001) and pre-fire shrub cover (r =- 0.57; P <0.0001; Table 1.24a).
Bunchgrass cover in 2004 was also moderately negatively correlated with percent cover
of cheatgrass (r =- 0.47; P <0.0001) and with heat load (r = - 0.43; P <0.001), and was
moderately correlated with slope and elevation (r = 0.46 and 0.45, respectively; P <
0.0001). Percent frequency of native perennial bunchgrasses was similarly correlated
with the same suite of environmental and community variables. The correlations
between frequency and fire severity were particularly strong from 2001 through 2004 (r =
- 0.69 to — 0.84; P <0.0001). The strongest correlation with perennial grass richness in
2004 was a moderate negative correlation with percent cover of cheatgrass (r=- 0.51; P
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<0.0001). Richness in 2004 was also moderately negatively correlated with heat load (r
=-0.43; P <0.001) and moderately correlated with elevation and slope (r = 0.50 and
0.49, respectively; P <0.0001; Table 1.24b).

Survival of bunchgrasses > 5.0 cm in diameter ranged from zero to 100%
following the 24 Command Fire. Mean survival for 38 Biodiversity Plots where survival
of large bunchgrasses was sampled in 2001 was 65.6% (£ 38.3 SD) but the response was
bimodal, with survival in more than 70% of plots (n = 27) equal to or greater than 59.8%
(mean 88.1% =+ 14.2 SD) while in 11 high-mortality plots survival was equal to or
considerably less than 40.8% (mean 10.4% + 13.4 SD; P <0.0001). There was no
difference in survival between plots with < 75.0% survival in 2001 (30.3% =+ 29.2 SD)
and values for the same plots when resampled in 2002 (32.9% + 27.6; P = 0.799),
supporting the field assessments made in 2001.

High mortality plots all occurred below 900’ (275 m) elevation. The five plots
with the lowest survival (0.0% - 0.7%) were stands with relatively dense (10% - 30%)
pre-fire cover of big sagebrush or winterfat. Four of the remaining six stands were
grasslands with substantial (> 35.0%) pre-fire cover of needle-and-thread grass.

Bunchgrass survival was most strongly correlated with both total pre-fire cover of
native perennial bunchgrasses and with pre-fire cover of large warm season bunchgrasses
(r=0.65 and r = 0.64, respectively; P <0.0001). Survival was also moderately correlated
with elevation (r=0.61; P <0.0001) and slope ( r = 0.46; P < 0.005), and was
moderately negatively correlated with fire severity (r =-0.63; P <0.0001), heat load
index (r = 0.46; P <0.005), and pre-fire shrub cover (r = -0.45; P < 0.005). Correlation
with pre-fire cover of cheatgrass was relatively weak (r =-0.33; P <0.05).

Field observations suggest that, where fire intensities appeared to be low to
moderate, Sandberg’s bluegrass was little affected. Percent cover reductions over all
plots were much smaller for this species compared to the larger bunchgrasses (Table
1.23a), and mortality for this species appeared to be quite low where shrubs were absent.
Cusick’s bluegrass (Poa cusickii), a common associate on more relatively mesic sites at
middle and higher elevations, appeared to respond similarly. Where dense stands of
shrubs generated more severe fire behavior, Sandberg’s bluegrass suffered considerable
loss of cover, and mortality appeared to be high.

The density of large native bunchgrasses varied by habitat type (Table 1.25).
Some low elevation sites had no bunchgrasses large enough to be included in the sample.
Where larger bunchgrasses were present, low and mid-elevation big sagebrush stands and
winterfat stands had an overall total density of 2.5 tussocks/ m” (+ 1.0 SD). Total density
in low and mid-elevation bluebunch wheatgrass or needle-and-thread grasslands was 3.9
tussocks/ m* (+ 2.2 SD). High elevation habitats characterized by threetip sagebrush
(where shrubs were present) and Idaho fescue had by far the highest density of all
samples, 12.6 tussocks/ m” (+ 6.3 SD).
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Table 1.23. Mean percent cover (a), frequency (b), and richness (c) of native perennial bunchgrasses in vegetation plots on the ALE
Reserve, pre-fire -2004. ANOVA P values are results of single factor repeated measures ANOVA. t test P values are the results of

comparisons of pre-fire and 2004 values using paired-sample t tests.

a. Percent Cover (+ SD) ANOVA | t-test
n Pre-fire 2001 2002 2003 2004 P P

All native perennial grasses

All plots 70 389 (22.2)| 19.3 (15.1)| 26.3 (13.8) | 29.8 (16.2) | 29.7 (16.3) | <0.0001 | <0.0001

Big sagebrush plots 17 22.0 (154)| 5.6 (6.4) | 10.0 (10.1)| 109 (12.6) | 11.6 (13.1)| <0.001 0.005

Transects only 37 28.1  (18.0) | 12.1 (9.3) | 20.4 (13.0) | 23.4 (14.9)| 22.6 (14.2) | <0.0001 | 0.040

Warm season bunchgrasses*

All plots 65 244  (232)| 70  (9.2) | 103 (10.3) | 13.5 (11.3)| 13.4 (11.3)|<0.0001 | <0.0001

Transects only 33 16.5 (142)| 34 (27| 74 (5.8) | 104 (6.6) | 10.1 (7.2) | <0.0001 | 0.005

Agropyron spicatum

All plots 55 20.1  (164)| 58 (7.1) | 10.6 (9.2) | 133 (9.8) | 13.5 (10.1)|<0.0001 | <0.0001

Transects only 28 152 (10.8) | 2.4 (1.6) | 7.2 (5.3) | 10.7 (5.8) | 10.3 (6.6) | <0.0001 | 0.017

Festuca idahoensis

All plots 16 233 (224)| 64 B84 | 75 (82 ] 92 (89 | 82 (9.8) | <0.0001 | 0.002

Transects only 8 124 (14| 1.1 (1.1) | 37 (B9 | 39 @&1)| 3.6 (3.0 0.004 0.078

Stipa spp.?

All plots 25 9.5 (16.6) | 1.4 (33)| 1.3 (26) | 3.3 (5.7 | 22 (4.6) | <0.001 0.014

Transects only 11 1.6 (26| 01 (0.1)| 04 (04| 05 (05 | 0.7 (0.5 | 0.045 0.269

Poa sandbergii

All plots 70 13.0  (9.4) | 103 (7.5) | 155 (8.9) | 144 (7.8) | 143 (7.9) | <0.0001 | 0.288

Transects only 37 11.2 (73) | 65 (4.6) | 124 (7.5 | 11.7 (7.1) | 11.2 (6.2) | <0.0001 | 0.995
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Table 1.23 (continued). Mean percent cover (a), frequency (b), and richness (c) of native perennial bunchgrasses in vegetation plots
on the ALE Reserve, pre-fire -2004. ANOVA P values are results of single factor repeated measures ANOVA. t test P values are the
results of comparisons of pre-fire and 2004 values using paired-sample t tests.

b. Percent Frequency (+ SD) ANOVA | ttest
n Pre-fire 2001 2002 2003 2004 P P
All native perennial grasses
All Transects 37 82.7 (29.1)| 782 (28.9)| 76.2 (29.8) | 80.1 (28.2) | 81.1 (26.9)| 0.079 0.568
Big sagebrush Transects 12 63.8 (41.3)| 442 (26.0)| 41.3 (259)| 50.8 (31.1)| 55.0 (31.4)| <0.001 | 0.147
Warm season bunchgrasses’ 33 65.5 (33.9)| 539 (35.5)| 50.1 (34.8) 579 (31.5)| 579 (33.1)| <0.001 | 0.022
Agropyron spicatum 27 68.9 (30.3) | 63.7 (29.3) | 57.2 (30.4)| 67.2 (19.2)| 624 (28.3)| 0.083 0.225
Festuca idahoensis 8 40.6  (30.8) | 23.1 (20.5) | 28.8 (21.8) | 28.1 (28.4)| 30.3 (25.6)| 0.295 -
Stipa spp.’ 11 114 (132) 23 (@41 | 82 (3.6) | 10.0 (140)| 9.1 (54 0.074 0.624
Poa sandbergii 37 743  (28.0)] 75.1 (29.1)| 72.0 (28.5)] 80.1 (20.8)| 89.2 (73.5 | 0.330 —
C. Perennial Species Richness (= SD) ANOVA | ttest
n Pre-fire 2001 2002 2003 2004 P P
All Plots 70 3.0 (1.1) | 28 (1.2) | 29 (12) | 28 (1.2) | 3.1 (L2 0.026 0.417
Big sagebrush Plots 17 2.6 13 |16 (09 |20 @13 ] 19 (@4 |23 (L.1) | <0.001 | 0.111

1 -- Warm season bunchgrasses include bluebunch wheatgrass (Agropyron spicatum), Idaho fescue (Festuca idahoensis), needle-and-

thread (Stipa comata) and Thurber's needlegrass (S. thurberiana), ricegrass (Oryzopsis hymenoides), squirreltail (Sitanion hystrix), and
Great Basin wildrye (Elymus cinereus).
2 — Stipa species include needle-and-thread (Stipa comata) and Thurber's needlegrass (S. thurberiana).
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Table 1.24. Correlation coefficients of community and environmental variables with (a)
percent cover and frequency, and (b) richness of native perennial bunchgrasses in

vegetation plots on the ALE Reserve, Pre-fire-2004. Values accompanied by the

following superscripts are significant: a - P <0.0001;b-P <0.001; ¢ - P <0.005;

d-P<0.01;e-P<0.05.

Native Perennial Bunchgrasses

Percent Cover Percent Frequency
Pre-fire| 2001 | 2002 | 2003 | 2004 |Pre-fire| 2001 | 2002 | 2003 | 2004
Pre-Fire Shrub Cover| -0.32¢ -0.48" -0.64" -0.59" -0.57*| -0.29 -0.76* -0.71* -0.62* -0.56"
Litter| -0.35° -0.29 -0.28 -0.26 -0.34°| 0.00 0.04 0.00 -0.04 -0.11
Elevation| 0.55° 0.42° 0.37° 0.43° 045" 044 0.51° 055" 053" 0.54°
Fire Severity| -0.42° -0.51" -0.65" -0.60" -0.62"| -0.48° -0.84* -0.83* -0.74* -0.69"
Slope| 0.50* 0.58* 0.45" 0.44° 046" | 0.42° 0.43% 046° 0.43% 047°
Aspect| -0.11  0.09 -0.03 0.07 -0.01| 0.07 022 025 0.19 0.19
Heat Load Index| -0.51* -0.56" -0.45" -0.38° -0.43"| -0.41° -0.38° -0.39° -0.38" -0.43¢
Cheatgrass  Pre-fire| -0.66° -0.38° -0.42° -0.42° -0.43"| -0.76* -0.27 -0.41° -0.44" -0.49°
Cover 2001| -0.16 -0.22 -0.11 -0.23 -0.19 | -0.08 -0.02 -0.05 -0.09 -0.15
2002| -0.30° -0.34° -0.28 -0.36° -0.32 | -0.36° -024 -029 -030 -0.38°
2003| -0.34° -0.34° -0.28 -0.41° -0.38°| -0.35° -0.18 -025 -0.30 -0.37°
2004| -0.39° -0.43° -0.41° -0.50° -0.47*| -0.48° -0.35° -0.43Y -0.49° -0.54"
b. Native Perennial Bunchgrasses
Species Richness

Pre-fire| 2001 | 2002 | 2003 | 2004

Pre-Fire Shrub Cover| -0.09 -0.32% -024 -0.38° -0.22

Litter| -0.16 -0.32% -0.24 -0.34° -0.27

Elevation| 0.40° 0.68° 0.40° 0.51° 0.50

Fire Severity| -0.27 -0.55* -0.33° -0.42" -0.38"

Slope| 0.36° 0.56* 0.41° 0.55* 0.49

Aspect| 0.08 0.02 0.07 0.02 -0.02

Heat Load Index| -0.30° -0.52* -0.35 -0.48" -0.43°

Cheatgrass cover Pre-fire | -0.51% -0.45" -0.42° -0.38° -0.37°

2001| -0.05 -0.22 -022 -0.12 -0.23

2002| -0.28 -0.37° -0.31¢ -0.28 -0.36°

2003| -0.29 -0.42° -0.33Y -0.34° -0.38°

2004 -0.40° -0.53" -0.45° -0.48" -0.51"
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Table 1.25. Mortality and survival densities (tussocks/m?2) of large bunchgrasses (> 5.0
cm diam.) in survival plots on the ALE Reserve, 2001.

Density (tussocks/m2) £ SD
Bluebunch Idaho needle-&- Total
Habitat Type n Dead wheatgrass fescue thread Density
Sagebrush and
Winterfat Shrublands | 6 | 2.1 (0.8) | 0.4 (1.0)| 0.0 (0.0)| 0.0 (0.0)| 2.5 (1.0)
Agropyron and Stipa
Grasslands 20109 (1.0)| 2.1 (1.8) | 0.0 (0.0)| 05 (1.2)] 39 (2.2
Threetip Sagebrush/
Fescue Habitats 10/ 0.6 (1.1)| 3.8 (25| 52 @7 | 05 (1.6)|12.6 (6.3)
All habitats 36 1.0 (I.H | 23 (22| 1.5 (B4 03 (I.D)| 6.1 (52
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Native Forbs. Native perennial forbs were recorded in all 70 vegetation plots surveyed
in 2004. Percent cover of native perennial forbs ranged from 0.5% to over 30.0% in
vegetation plots, with greater than 10.0% cover recorded in 30 plots and less than 5.0%
cover recorded in 28 plots.

Percent cover, percent frequency, and species richness of native forbs in ALE
vegetation plots all matched or exceeded pre-fire values in 2004. Mean percent cover of
perennial forbs declined following the 24 Command Fire; however by 2004 mean percent
cover (8.8% =+ 7.1 SD) was statistically similar to pre-fire values (8.4% + 9.5 SD; P =
0.619; Table 1.26a). Mean percent frequency of native perennial forbs in 2004 (75.7% =+
21.7 SD) was greater than pre-fire values (66.5% =+ 25.4 SD; P = 0.095; Table 1.26b).
Mean species richness of native perennial forbs also increased, from 5.6 species/ plot (&
3.8 SD) prior to the fire to 7.3 species/ plot (+ 3.8 SD; P <0.0001) in 2004 (Table 1.26c).
Richness tended to be higher in Biodiversity Plots than in transect-based plot types,
although the differences between pre-fire and 2004 values were significant for both types
of plots.

Mean percent cover (9.1% £ 5.7 SD), frequency (78.3% =+ 18.5 SD), and richness
(5.0 species/ plot £ 1.5 SD) of native perennial forbs in plots formerly dominated by big
sagebrush or winterfat were greater in 2004 than at any other time during the course of
this study, and differences between pre-tfire and 2004 values were significant for each of
these parameters (P < 0.001; Table 1.26). The highest values for all three parameters
occurred in sandy habitats.

Percent cover of native perennial forbs was moderately correlated with elevation
(r=0.55; P=0.0001), species richness of all native perennials (r = 0.53; P =0.0001),
and percent cover of all native perennials (r = 0.40; P = 0.0001; Table 1.27a). Percent
cover of native perennial forbs has been moderately to strongly correlated with each of
these variables within years during all the years of this study. Correlations within 2004
data represented the lowest correlations in these series in each case. Correlations
between percent cover of native perennial grasses and percent cover of cheatgrass tended
to be weak.

Species richness of native perennial forbs in 2004 was strongly correlated with
elevation (r = 0.83; P =0.0001) and slope (r =0.73; P =0.0001)) and was moderately
correlated with heat load index (r = 0.67; P = 0.0001). The correlation between perennial
forb richness and each of these variables has been relatively strong during each year of
this study. Perennial forb richness was also strongly correlated within years with overall
native perennial richness (r = 0.91 to 0.96; P = 0.0001) indicating the important role this
component plays in overall vascular plant species richness.

Native perennial forb richness was moderately correlated with percent cover of all
native perennials (r = 0.58; P = 0.0001) and with percent cover of large, warm season
perennial bunchgrasses (= 0.44; P =0.001) in 2004. Forb richness has been
consistently correlated within years with these variables throughout the years of this
study, although correlations with both variables were strongest in 2001. Perennial forb
richness was also moderately negatively correlated with percent cover of cheatgrass in
2004 (r=-10.43; P=10.001).

Percent cover of individual perennial forb species was typically no more than one
or two percent and was very rarely as much as 10.0% in any vegetation plot at any time
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Table. 1.26. Mean percent cover (a), frequency (b), and species richness (c) of native forbs on ALE Reserve vegetation plots, pre-fire-
2004. All sites n = 70; Biodiversity Plots n = 33; All Transects n =37). ANOVA P values are results of single factor repeated
measures ANOVA. ttest P values are the results of comparisons of pre-fire and 2004 values using paired-sample t tests.

a. Percent Cover (+ SD) ANOVA | ttest
Pre-fire 2001 2002 2003 2004 P P
All Native Forbs - All Sites | 9.9 (9.8) | 6.7 (10.2)| 89 (11.1)| 10.8 (7.4) | 11.1 (7.2) | <0.0001 | 0.275
Perennials
Allsites | 84 (9.5)| 55 (7.4) | 81 (88) | 7.7 (7.3)| 88 (7.1)|<0.0001 | 0.619
Biodiversity Plots | 7.1  (9.2)| 63 (94) | 87 (9.5 | 70 (74| 7.8 (7.7)| 0.186 0.527
All Transects | 9.5 (9.8)| 48 (5.0) | 7.5 (82) | 93 (74)| 9.8 (6.4) | <0.0001 | 0.862
Big Sagebrush & Winterfat Plots
AllSites | 33 (4.0)| 1.2 (1.1) | 34 (3.5 | 52 (35| 9.1 (5.7) |<0.0001 | <0.001
All Transects | 4.1 (5.0)| 1.1 (L.1) | 2.5 (1.6) | 6.0 (3.6)| 11.1 (4.6) | <0.0001 | <0.001
Silt-Loam Soils | 3.6 (4.6)| 1.3 (1.0) | 3.7 (3.9) | 46 (2.6)| 88 (6.2) | <0.0001 | 0.007
Sandy soils | 24 (1.0)| 09 (1.4) | 26 (2.1) | 7.0 (53) | 10.0 (4.4) | <0.0001 | 0.012
Annuals
Allsites| 1.6 (24)| 1.3 (1.5 | 21 (22) | 3.5 @&.1)| 23 (2.5 |<0.0001 | 0.060
Biodiversity Plots | 0.5 (0.8) | 0.9 (0.7) | 1.4 (1.0) | 27 (3.9)| 2.1 (2.6) | <0.0001 | 0.002
All Transects | 2.5 (29)| 1.6 (1.9) | 2.8 (2.7) | 42 (4.2)| 24 (2.3)| <0.001 | 0.851
Big Sagebrush & Winterfat Plots
AllSites | 1.1 (1.7)| 0.8 (0.6) | 3.5 (3.0) | 6.8 (43)| 3.3 (2.8) | <0.0001 | <0.001
All Transects | 1.7  (1.9)| 09 (0.7) | 47 (33) | 80 (4.6)| 3.2 (1.8)|<0.0001| 0.021
Silt-Loam Soils | 1.1  (1.9)| 0.7 (0.6) | 3.5 (3.2) | 7.3 (4.6) | 3.7 (3.1)|<0.0001 | 0.011
Sandy Soils | 1.1 (0.5)] 1.0 (0.6) | 3.5 (2.8) | 5.1 ((3.1)| 23 (1.2)| 0.004 | 0.057
Continued
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Table 1.26 (continued). Mean percent cover (a), frequency (b), and species richness (c) of native forbs on ALE Reserve vegetation
plots, pre-fire-2004. All sites n = 70; Biodiversity Plots n = 33; All Transects n =37). ANOVA P values are results of single factor
repeated measures ANOVA. ttest P values are the results of comparisons of pre-fire and 2004 values using paired-sample t tests.

b. Percent Frequency (= SD) ANOVA | ttest
Pre-fire 2001 2002 2003 2004 P P

Perennials
All Transects | 66.5 (25.4) | 64.9 (31.9)| 54.6 (30.8) | 70.5 (21.5)| 75.7 (21.7) | <0.001 | 0.095

Big Sagebrush Transects
All Transects | 42.1 (17.4)| 24.6 (15.0) | 259 (19.4)| 66.7 (20.5) | 78.3 (18.5) | <0.0001 | <0.001
Silt-Loam Soils | 34.3 (18.8) | 25.6 (11.9)| 232 (8.4) | 54.6 (23.8)| 62.0 (26.9) | <0.0001 | 0.006

Sandy soils | 53.0 (6.7) | 24.0 (17.1)| 23.0 (25.9)| 69.0 (25.1)| 84.0 (22.5)|<0.0001 | 0.030

Annuals
All Transects | 424 (30.6) | 343 (28.9)| 57.6 (27.9)| 62.0 (30.1) | 67.0 (26.1) | <0.0001 | <0.001

Big Sagebrush Transects
All Transects | 39.6 (22.8) | 15.8 (14.0) | 63.3 (24.3) | 87.1 (14.5)| 82.9 (15.7) | <0.001 | <0.001
Silt-Loam Soils | 36.4 (30.0) | 16.7 (9.6) | 60.2 (25.0) | 73.3 (32.8)| 69.0 (29.8) | <0.0001 | 0.004

Sandy Soils | 44.0 (6.5 | 19.0 (16.4)| 440 (25.1)[ 79.0 (19.2)| 73.0 (19.2) | <0.001 | 0.043

Continued
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Table 1.26 (continued). Mean percent cover (a), frequency (b), and species richness (c¢) of native forbs on ALE Reserve vegetation
plots, pre-fire-2004. All sites n = 70; Biodiversity Plots n = 33; All Transects n =37). ANOVA P values are results of single factor
repeated measures ANOVA. ttest P values are the results of comparisons of pre-fire and 2004 values using paired-sample t tests.

C. Species Richness (+ SD) ANOVA t test
Pre-fire 2001 2002 2003 2004 P P

All Native Forbs -- All

Sites 73 (39)] 92 (533)| 92 (48)| 97 (45 | 11.6 (6.2) | <0.0001 | <0.0001

Perennials

Allsites | 5.6 (3.8)| 72 (5.00| 6.7 (4.8)| 63 (3.7 | 7.3 (3.8) | <0.0001 | <0.0001
Biodiversity Plots | 6.4 (4.0)| 81 (52)| 81 (52)| 6.8 (43)| 7.8 (4.5) | <0.0001 0.004
All Transects | 5.0 (3.5)| 64 47| 54 @41 59 3.0)| 67 (3.0)] <0.001 | <0.0001
Big Sagebrush & Winterfat Plots
AllSites | 2.8 (1.7)| 2.7 (1.9)| 32 (19| 43 (14)| 50 (1.5) [<0.0001 | <0.001
All Transects | 2.6 (1.7)| 1.8 (1.1)| 2.5 (1.7)| 46 (1.0)| 52 (1.7) | <0.0001 | 0.002
Silt-Loam Soils | 2.9 (1.9)| 3.1 (2.0)| 36 (1.8)| 41 (1.4)| 47 (1.3) | 0.002 0.006
Sandy soils | 22 (1.3)| 1.4 (1.1)| 1.8 (1.8)| 48 (1.3)| 5.8 (1.9)| <0.001 | 0.009

Annuals
Allsites | 1.6 (1.7)| 2.0 (1.4)| 26 (1.2)| 3.4 (1.2)| 44 (5.1) |<0.0001 | <0.0001
Biodiversity Plots | 0.7 (1.2)| 1.8 (1.3)| 22 (L.)| 2.7 (1.7) | 43 (7.3) | <0.001 0.006
All Transects | 2.5 (1.6)| 2.2 (1.5)| 3.0 (1.2)| 40 (1.9 | 44 (1.4)]<0.0001 | <0.0001
Big Sagebrush & Winterfat Plots
AllSites | 1.7 (1.7)| 1.4 (1.1)| 29 (1.3)| 44 (1.8) | 41 (1.5)|<0.0001 | <0.0001
All Transects | 2.5 (1.7)| 1.1 (L.1)| 32 (1.5)] 53 (1.6)| 4.8 (1.4)|<0.0001 | <0.0001
Silt-Loam Soils | 1.5 (1.9)| 1.5 (1.2)| 29 (1.1)| 40 (2.0)| 4.0 (1.5) [ <0.0001 | <0.0001
Sandy Soils | 22 (04)] 1.0 (07| 3.0 (19| 54 (09 | 48 (1.6)|<0.0001 0.014




Table 1.27. Correlation coefficients of community and environmental variables with
percent cover and richness of native forbs in vegetation plots on the ALE Reserve, pre-
fire-2004: (a) perennials; (b) annuals. Values accompanied by the following superscripts
are significant: a-P <0.0001;b-P <0.001;¢c-P <0.005;d-P<0.01;e-P<0.05.

Native Perennial Forbs

Percent Cover

Species Richness

Pre-fire| 2001 | 2002 | 2003 | 2004

Pre-fire| 2001 | 2002 | 2003 | 2004

Pre-Fire Shrub Cover
Litter

Elevation

Fire Severity

Slope

Aspect

Heat Load Index

Cheatgrass cover Pre-fire
2001
2002
2003
2004

Pre-fire
2001
2002
2003
2004

Perennial Grass
Cover

Pre-fire
2001
2002
2003
2004

Large Perennial
Grass
Cover

Native Perennial Pre-fire
Cover 2001
2002
2003
2004

Native Perennial Pre-fire
Richness 2001
2002
2003
2004

-0.13
0.16
0.67°
-0.39°
0.38°
0.05
-0.30°
-0.12
-0.11
-0.22
-0.28
-0.32¢
0.16
0.04
0.09
0.17
0.20
0.11
0.12
0.21
0.23
0.24
0.51°
0.37°
0.43°
0.45°
0.45°
0.65°
0.59°
0.56°
0.59°
0.57°

-0.17
-0.16
0.69*
-0.41°
0.53°
0.13
-0.44°
-0.20
-0.03
-0.22
-0.27
-0.31
0.24
0.25
0.18
0.26
0.27
0.26
0.32¢
0.32¢
0.334
0.30°
0.46°
0.64
0.56
0.56
0.55
0.76
0.75
0.68*
0.68®
0.66

-0.06
0.17
0.78°
-0.34
0.51°
0.13
-0.44°
-0.23
-0.19
-0.34°
-0.41°
-0.40°
0.35°
0.25
0.15
0.35°
0.27
0.38
0.34°
0.39°
0.47°
0.33°
0.56°
0.55°
0.62°
0.64°
0.52°
0.65°
0.71°
0.68°
0.63°
0.65°

0.03
-0.23
0.77°
-0.26
0.51°
0.17
-0.46
-0.18
-0.24
-0.33°
-0.39°
-0.36°
0.23
0.09
0.00
0.10
0.08
0.24
0.23
0.26
0.27
0.15
0.51°
0.41°
0.44°
0.52°
0.42°
0.68"
0.66
0.64
0.64°
0.69°

0.24
-0.21
0.55
-0.07
0.35°
0.09
-0.30°
-0.15
-0.22
-0.32
-0.38°
-0.36°
0.04
0.04
-0.14
-0.08
-0.05
0.04
0.10
0.06
0.01
-0.03
0.39°
0.34°
0.26
0.30°
0.40°
0.51°
0.48°
0.44°
0.48°
0.53°

0314 -0.38° -0.27

-0.28
0.82°
0.57°
0.76°
0.12
-0.67°
-0.38°
-0.15
-0.36°
-0.39°
-0.47°
0.47°
0.43°
0.40°
0.39°
0.43°
0.50°
0.54°
0.55°
0.52°
0.48°
0.56°
0.67°
0.66°
0.66°
0.63°
0.94°
0.89°
0.85°
0.81°
0.84°

-0.59*

-0.71°
-0.37°

-0.41°
-0.44°
-0.51°

-0.18
-0.40°
0.84°
-0.42°
0.70°
0.00
-0.67°
-0.27
-0.25
-0.38°
-0.43°
-0.46°
0.51°
0.34°
0.19
0.27
0.36°
0.57°
0.56
0.48°
0.49°
0.46°
0.64°
0.56°
0.49°
0.54°
0.54°
0.71°
0.77°
0.81°
0.91°
0.87°

-0.18
-0.30°
0.83°
-0.39
0.73°
0.11
-0.67°
-0.27
-0.24
-0.38°
-0.43°
-0.43°
0.48°
0.48°
0.29
0.35°
0.39°
0.56°
0.62°
0.53°
0.52°
0.44°
0.57°
0.68°
0.55°
0.60°
0.58°
0.73°
0.83°
0.84°
0.85°
0.94°

-0.36°
0.85°
-0.50°
0.80°
0.09
-0.74°
-0.38°
-0.21
-0.37°
-0.44°
-0.47°
0.60°
0.52°
0.37°
0.45°
0.49°
0.63°
0.62°
0.56
0.58?
0.51°
0.65
0.71°
0.66
0.68°
0.65
0.79°
0.89°
0.96°
0.89°
0.91°

-0.25
0.89%

0.78"
0.12

-0.22

0.57*
0.56"
0.49°
0.53%
0.54*
0.62°
0.60"
0.59°
0.61°
0.53%
0.59
0.77*
0.77*
0.77*
0.72%
0.83"
0.96"
0.90%
0.85%
0.89°

Continued
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Table 1.27 (continued). Correlation coefficients of community and environmental
variables with percent cover and richness of native forbs in vegetation plots on the ALE

Reserve, pre-fire-2004: (a) perennials; (b) annuals. Values accompanied by the following
superscripts are significant: a- P <0.0001;b-P <0.001;c-P <0.005;d-P <0.01;¢-

P <0.05.
b. Native Annual Forbs
Percent Cover Species Richness

Pre-fire| 2001 | 2002 | 2003 | 2004 |Pre-fire| 2001 | 2002 | 2003 | 2004
Pre-Fire Shrub Cover| -0.25 -0.17 0.52* 0.49* 0.20 | -0.09 -0.27 0.19 038 0.28
Litter| 0.43° 0.38° 022 0.19 0.35°| 030° 025 003 -0.03 021
Elevation| -0.14 0.11 -0.11 -037° -025]| -0.11 -0.01 -0.03 -0.03 -0.01
Fire Severity| -0.05 -0.08 0.44> 0.49* 033‘| -0.02 -0.19 0.14 024 0.16
Slope| -0.08 0.17 -0.13 -0.31% -024 | -0.02 -0.08 -0.02 -0.12 -0.08
Aspect| 0.14 0.05 -0.17 -0.17 -0.14| 0.16 026 -0.07 -0.06 -0.02
Heat Load Index| 0.14 -0.09 0.10 025 020 | 0.12 0.13 0.02 0.13 0.08
Cheatgrass cover Pre-fire| 0.15 0.16 0.02 0.13 0.18 | 0.15 -0.01 0.12 0.11 0.16
2001| 0.25 0319 0.08 027 047*°| 011 022 -0.04 -0.14 -0.17
2002| 0.09 026 0.06 0.13 044°| -0.04 0.18 0.01 -0.09 -0.12
2003| 0.17 028 0.04 0.14 0.40°| -0.01 020 -0.02 -0.10 -0.12
2004/ 0.14 030° 0.11 024 055*| -0.01 0.17 -0.01 -0.01 0.03
Perennial Grass Pre-fire| -0.25 -0.17 -021 -026 -0.15|-0.40° -025 -022 -0.22 -0.21
Cover 2001| -020 -0.16 -0.43° -0.42° -0.34°| -0.30° -0.12 -0.32% -0.37° -0.23
2002| -0.10 -0.13 -0.53* -0.43° -0.32¢| -0.18 0.09 -0.30° -0.51* -0.32¢
2003| -0.13  -0.20 -0.54* -0.54* -0.40°| -0.25 0.00 -028 -0.48* -0.26
2004 -0.15 -0.23 -0.51* -0.47* -037°| -0.23 -0.09 -029 -0.44° -0.31¢
Large Perennial Pre-fire| -0.22 -0.19 -0.28 -0.37° -0.26 | -0.37° -0.25 -0.24 -0.19 -0.17
Grass 2001| -024 -0.18 -0.30 -0.38° -0.33| -0.34° -0.22 -0.35° -0.27 -0.22
Cover 2002| -0.17 -0.14 -0.37° -0.43° -0.38°| -0.23 -0.12 -0.34° -0.31¢ -0.24
2003| -0.14 -0.20 -0.40° -0.49° -0.40°| -0.27 -0.08 -0.25 -0.34° -0.25
2004 -0.13 -0.19 -0.37% -0.39° -0.32¢| -0.21 -0.10 -025 -0.29 -0.25
Native Perennial Pre-fire| -0.32¢ -0.17 0.05 -0.14 -0.13 | -0.32¢ -0.31¢ -0.01 0.04 -0.09
Cover 2001| -0.16 -0.03 -0.36° -0.47* -0.33°| -0.16 -0.02 -021 -0.22 -0.14
2002| -0.18 -0.08 -0.43° -0.48" -037°| -0.15 0.10 -0.16 -0.34° -0.18
2003| -021 -0.14 -0.44° -0.58" -0.47*| -0.23 0.00 -0.12 -0.33% -0.16
2004 -024 -0.18 -0.35° -0.46* -0.43°| -0.21 -0.11 -0.14 -0.26 -0.21
Native Perennial Pre-fire| 0.06 0.16 -0.14 -0.32 -0.25| 0.11 0.12 0.07 0.00 -0.04
Richness 2001| -0.10 0.12 -0.24 -0.45° -032%] -0.10 0.15 0.01 -0.08 -0.10
2002| -0.17 0.05 -0.19 -0.35° -0.29 | -0.11 0.03 0.07 -0.01 -0.07
2003| -0.08 0.02 -0.16 -0.35° -0.31%| 0.02 -0.02 0.09 0.14 -0.03
2004| -0.17 0.04 -0.17 -0.37° -0.36°| -0.09 0.00 0.03 0.04 -0.04
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Table 1.28. Percent cover (a) and frequency (b) of selected common native perennial forb species in vegetation plots on the ALE

Reserve, pre-fire - 2004. ANOVA P values are results of single factor repeated measures ANOVA. t test P values are the results of

comparisons of pre-fire and 2004 values using paired-sample t tests.

a. # Plots (n = 70) Percent Cover (£ SD;n = 70)
Pre- ANOVA | ttest
Species fire | 2001 | 2002 | 2003 | 2004 | Pre-fire 2001 2002 2003 2004 P P
Achillea millefolium | 27 34 32 47 40 |05 (09| 0.6 (0.9)| 0.8 (1.5)]0.7 (0.8)] 0.5 (0.7)| 0219
Astragalus spp. 23 30 32 36 33 |13 (22)| 04 (0.8)| 08 (1.6) 1.1 (2.1)|09 (2.1)| 0.001 0.248
Balsamorhiza
careyana 36 35 35 31 36 (15 (25 ] 07 (1.1)| 1.3 (22)| 1.7 (28|15 (24)| 0.005 0.944
Crepis atrabarba 44 55 50 54 59 [1.0 (15|12 (14|22 (36|16 1|14 (1.7)] <0001 | 0.045
Machaeranthera <
canescens 115 18 34 35 [0.1 (03)] 0.1 (02)] 02 (04)]0.6 (0.1)] 1.4 (2.5 | <0.0001 | <0.0001
Lupinus spp. 33 33 33 37 39 |20 (40)]|08 (13)]18 (33)|1.7 3.1 19 (2.8)| 0.005 | 0934
b. Percent Frequency (+ SD; n =37) ANOVA | ttest
Species Pre-fire 2001 2002 2003 2004 P P
Achillea millefolium 47 87 | 53 (7.6) | 5.9 (9.9) | 28.1 (25.5)| 10.7 (15.1) | <0.0001 | 0.003
Astragalus spp. 55 (18| 51 (9.1) | 51 (9.5 | 85 (10.8)| 6.6 (10.3)| 0.226
Balsamorhiza careyana 9.3 (12.0)| 7.0 (10.8)| 6.2 (10.0)| 6.5 (10.5 | 9.7 (13.9)| 0.103 0.810
Crepis atrabarba 21,5 (23.2)| 31.6 (26.6)| 27.0 (26.7) | 26.8 (26.0) | 36.5 (29.9) | <0.0001 | <0.001
Machaeranthera
canescens 0.7 24) | 04 (1.8) | 3.1 (79) | 145 (21.6)| 203 (31.9) | <0.0001 | <0.001
Lupinus spp. 203  (27.1) | 204 (26.2)| 143 (18.4) | 13.8 (16.0)| 19.6 (21.9)| 0.029 0.855
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during the course of this study. Between-year fluctuations in abundance of common
native perennial forb species appeared to be individualistic. While some species declined
in abundance the first year following the 24 Command Fire, most common native
perennial forb species matched or exceeded their pre-fire abundance by 2004 (Table
1.28).

Percent cover of yarrow (Achillea millefolium) was statistically unchanged
through the course of this study (P = 0.219). Percent frequency of yarrow spiked in 2003
and though lower in 2004 was still significantly greater than pre-fire values (P = 0.003).
This spike in frequency in 2003 resulted from an abundance of seedlings which failed to
contribute discernibly to aerial cover. Although yarrow was included in aerial seed mixes
applied in December 2002 — January 2003 over a portion of the study area, yarrow
seedling densities were also high outside of the treatment areas (see Section II, this
volume).

Slender hawksbeard (Crepis atrabarba) was by far the most common perennial
forb species, occurring in 59 of 70 vegetation plots and in more than 30.0% of transect
microplots in 2004. Both cover and frequency of slender hawksbeard increased in the
aftermath of the 24 Command Fire. Percent cover was highest in 2002, but cover in 2004
(1.4% =+ 1.7 SD) was still significantly greater than pre-fire values (P = 0.045). Percent
frequency of slender hawksbeard in 2004 (36.5% + 29.9 SD) was the highest for this
species in the course of the study (P < 0.001).

Both Carey’s balsamroot (Balsamorhiza careyana) and perennial lupine species
(Lupinus laxiflorus, L. leucophyllus, and L. sulphureus) exhibited patterns of decline in
percent cover the first year following the 24 Command Fire. By 2004, however, both
percent cover (P > 0.900) and frequency (P > 0.800) were statistically similar to pre-fire
values for both of these taxa.

Percent cover of selected milkvetch species (Astragalus caricinus and A.
spaldingii) also declined considerably in 2001, but again this species group recovered it’s
diminished abundance as early as 2003; in 2004 percent cover was similar to pre-fire
values (P = 0.248). Percent frequency did not change (P = 0.226).

Hoary aster (Machaeranthera canescens) exhibited the most dramatic increase
among the native forbs. This biennial to short-lived perennial became very common and
relatively abundant in low elevation habitats in 2003 and 2004.

Two rare native perennial forbs were encountered during fieldwork in 2001-2004.
Columbia milkvetch (Astragalus columbianus; USFWS Species of Concern; State
Threatened. WNHP 1997) did not occur within any study plots, and areas where this
species was encountered incidentally in 2002 (primarily along the gate 120 Road) were
not revisited in 2003 or 2004, so no further observations were made. The other rare forb,
Basalt milkvetch (Astragalus conjunctus var. rickardii; State Review; WNHP 1997),
continued to be fairly common in vegetation plots at higher elevations on Rattlesnake Mt.
and in the Rattlesnake Hills. Basalt milkvetch was recorded in 13 plots in in 2004
compared to 12 observations prior to the 24 Command Fire. The species has been
recorded continuously since before the 24 Command Fire in 10 of these plots. All
recorded occurrences were from sites above 1400 ft. in forb-rich associations classified as
threetip sagebrush/ bluebunch wheatgrass or threetip sagebrush/ Idaho fescue
communities by Wilderman (1994).
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Percent cover of basalt milkvetch decreased from 1.7% (£ 1.4 SD) prior to the 24
Command Fire to 0.7% (£ 0.5 SD) in 2001 (Table 1.29). Cover in 2004 (1.5 % £ 1.3 SD)
was statistically similar to pre-fire values (P = 0.650). Frequency along transects in 2004
(22.9% + 23.4 SD) was greater than pre-fire frequency (7.9% + 10.7 SD; P = 0.086).

Native annual forbs were recorded in 68 of 70 vegetation plots in 2004. Percent
cover of native annuals ranged from 0.1% to more than 10.0%. Tarweed (Amsinckia
tessellata) was by far the most common and abundant species. Tall willowherb
(Epilobium paniculatum), tansy mustard (Descurainia pinnata), mountain dandelion
(Agoseris heterophylla) and winged cryptantha (Cryptantha pterocarya) were also
common. Combined percent cover of native annual forbs was less than 5.0% in 63 of the
68 plots where native annual forbs were recorded, with annual forbs accounting for 3.0%
cover or less in 55 of those plots.

Mean percent cover of native annual forbs was greater in 2004 (2.3% + 2.5 SD
than pre-fire (1.6% + 2.4 SD; P = 0.60; Table 1.26a). This difference is at least partly
artificial, however. The methodology used in Biodiversity Plots is likely to have been
relatively insensitive to the detection of annuals, particularly regarding pre-fire (1994)
values, when objectives of the original survey were merely to characterize areas for the
purposes of mapping vegetation. By comparison, percent cover in transects in 2004 was
indistinguishable from pre-fire values (P = 0.851). Percent cover values recorded along
transects were higher than in Biodiversity plots all years of the study. The difference was
most evident in pre-fire values, and was much reduced in subsequent years. Interestingly,
from 2001 to 2004 patterns of increasing and decreasing cover were similar between the
two types of plots, although values for Biodiversity plots were always numerically lower.

Mean percent frequency of native annual forbs was greater in 2004 (67.0% =+ 26.1
SD) compared to pre-fire values (42.4% + 30.6 SD; P < 0.001; Table 1.26b).

Mean species richness of native annual forbs increased steadily over the course of
this study, from 1.6 species/ plot (+ 1.7 SD) prior to the 24 Command Fire to 4.4 species/
plot (= 5.1 SD) in 2004 (P < 0.0001; Table 1.26¢). Although within-year differences
between plot types were similar to those discussed above regarding percent cover, the
trend of increasing richness was quite similar (and significant) regardless of
methodology.

Mean percent cover (3.3% + 2.8 SD), frequency (82.9% =+ 15.7 SD), and richness
(4.1 species/ plot £ 1.5 SD) of native annual forbs in plots formerly dominated by big
sagebrush or winterfat were all at least somewhat reduced in 2004 compared to 2003
values (Table 1.26). Percent cover declined by more than 50% between years; however,
overall values for each of these three parameters in 2004 were still significantly greater
than pre-fire values (P < 0.001; Table 1.26).

Percent cover and species richness of native annual forbs in 2004 were generally
poorly or not at all correlated with community and environmental variables (Table
1.27b). Only percent cover of cheatgrass (r = 0.55; P <0.0001) and percent cover of
native perennials (r = - 0.43) exhibited moderate correlations with either of these
variables in 2004.
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Table 1.29. Mean percent cover (n = 16) and frequency (n = 7) of basalt milkvetch
(Astragalus conjunctus var. rickardii) in vegetation plots on the ALE Reserve, pre-fire —
2004. ANOVA P values are results of one-way repeated measures ANOVA; t test P
values are results of two-tailed paired-sample t tests between pre-fire and 2004 values
only.

Percent Cover |Percent Frequency
(= SD) (= SD)
Pre-fire] 1.7 (1.4) 7.9 (10.7)

2001 0.7 (0.5) 12.1 (15.0)
2002 1.7 (1.3) 23.6 (18.2)
2003] 1.6 (1.6) 20.0 (21.0)
2004 1.5 (1.3) 229 (23.4)

ANOVA P 014 052

t test P .650 .086

Microbiotic Crust. Mean percent cover and frequency of microbiotic crust (MBC)
declined following the 24 Command Fire. Large changes in overall MBC abundance
were not detected immediately after the fire, possibly due to a combination of factors
relating to sampling technique (see Discussion). In 2004, however, percent cover of
MBC was estimated at 4.6% (+ 6.9 SD), a decline of nearly 90 % compared to pre-fire
values (37.8 % + 19.3 SD; P <0.0001; Table 1.30a). Estimated MBC cover in
shrublands did exhibit dramatic declines (45.5 % or more) immediately following the
fire. By 2004 MBC cover had decreased by 80 % in all plots where pre-fire cover of
large shrubs was less than 5.0 %, and had decreased by more than 98 % in stands
dominated by Wyoming big sagebrush over the same period.

As was the case with percent cover, large changes in mean percent frequency of
MBC were not detected in 2001. By 2004, however, frequency had declined by more
than 50 %, from 87.4 % (£ 18.4 SD) to 40.1 % (£ 31.5 SD; P <0.0001; Table 1.30b).
Frequency in plots with less than 5.0 % pre-fire shrub cover declined by approximately
30 % compared to pre-fire values, while frequency in shrub-dominated plots declined by
more than 80 %.

Correlations between percent cover of MBC and abundance of cheatgrass have
been presented above (Table 1.11). Post-fire cover of MBC was moderately to strongly
correlated between years (r = 0.50 to 0.83; P <0.0001) but correlations with pre-fire
cover were weak (Table 1.31). Post-fire cover of MBC was somewhat weakly to
moderately negatively correlated with pre-fire shrub cover (r=-0.39 to —0.55;
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Table 1.30. Mean percent cover (a) and frequency (b) of microbiotic crust (MBC) in ALE Reserve vegetation plots, pre-fire - 2004.
ANOVA P values are results of one-way repeated measures ANOVA; t test P values are results of two-tailed paired-sample t tests
between pre-fire and 2004 values only.

a. Percent Cover (£ SD) ANOVA t test
n Pre-fire 2001 2002 2003 2004 P P
All Plots | 70 37.8  (19.3) | 33.8 (20.4) | 162 (12.1)| 7.6 (9.9) | 46 (6.9) | <0.0001 | <0.0001
All Transects | 37 433  (19.2) | 31.1 (21.8) | 13.8 (10.3)| 53 (6.7) | 39 (5.9 | <0.0001 | <0.0001
Shrublands
Big Sagebrush Plots | 17 46.1 (15.8) | 19.1 (158)| 6.8 (69) | 0.8 (1.0) | 0.6 (0.8) | <0.0001 | <0.0001
Big Sagebrush, Sandy

Soils | 5 342 (135 92 (10.8)| 0.8 (0.8) | 0.5 (1.0) | 0.3 (0.6) | <0.0001 | 0.005
Plots > 5% shrubs | 28 40.7 (16.8) | 222 (15.1)| 65 (59 | 1.0 (1.3) | 0.6 (0.8) | <0.0001 | <0.0001
Plots < 5% shrubs | 42 359  (20.7) | 41.5 (19.9)] 22,7 (109)| 12.1 (10.6)| 7.3 (7.9) | <0.0001 | <0.0001
Continued
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Table 1.30 ( continued). Mean percent cover (a) and frequency (b) of microbiotic crust (MBC) in ALE Reserve vegetation plots, pre-
fire - 2004. ANOVA P values are results of one-way repeat measures ANOVA; t test P values are results of two-tailed paired-sample
t tests between pre-fire and 2004 values only.

b. Percent Frequency (+ SD) ANOVA | ttest

n Pre-fire 2001 2002 2003 2004 P P

All Transects | 37 | 874 (18.4)] 86.1 (21.2)| 63.1 (33.2)| 41.2 (35.0)| 40.1 (31.5)| <0.0001 | <0.0001
Shrublands

Big Sagebrush Plots - All | 12 | 87.5 (14.4)| 742 (28.8)[29.6 (23.1)| 8.7 (13.2)| 12.9 (11.4)|<0.0001 | <0.0001

Big Sagebrush, Sandy

Soils | 5 | 74.0 (12.5)] 62.0 (36.8)| 10.0 (9.4) | 6.0 (13.4)| 40 (8.9) | <0.0001 | <0.001

Plots > 5% shrubs | 17 | 879 (13.5)| 78.8 (25.1)| 40.6 (27.3)| 15.0 (16.7)| 16.5 (13.0) | <0.0001 | <0.0001

Plots <5%shrubs | 20 | 87.0 (22.1)] 92.3 (15.3)| 82.3 (25.0)| 63.5 (30.8) | 60.3 (28.4) | <0.0001 | <0.001
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Table 1.31. Correlation coefficients of community and environmental variables with
percent cover of microbiotic crust (MBC) in vegetation plots on the ALE Reserve, pre-
fire - 2004. Values accompanied by the following superscripts are significant: a- P <
0.0001;b-P <0.001;c-P<0.005,d-P<0.01;e - P<0.05.

Percent Cover MBC
Pre-fire| 2001 | 2002 | 2003 | 2004
MBC Cover Pre-fire| 1.00
2001 0.30° 1.00
2002| 0.19 0.74* 1.00
2003| 0.13 0.56* 0.78* 1.00
2004/ 0.14 0.50° 0.66° 0.83* 1.00
Pre-Fire Shrub Cover| 0.19 -0.46* -0.55* -0.47* -0.39°
Litter] 0.00 -0.20 -0.18 -0.27 -0.13
Elevation| -0.13 -0.08 -0.03 0.11 0.10
Fire Severity| 024 -0.38° -0.49" -0.40° -0.38°
Slope| -0.14 0.02 0.17 0.37° 0.37°
Aspect| -0.10 0.07 0.04 0.13 0.19
Heat Load Index| 0.18 0.04 -0.14 -0.31¢ -0.31¢

P <0.0001). and with fire severity (r =-0.38 to -0.49; P < 0.005). Correlations with
other environmental and community variables were only weakly or not at all correlated.

Community development. Native perennial plant species were recorded in all 70
vegetation plots during each sample period, pre-fire - 2004. Percent cover of native
perennial plants in 2004 ranged from just under 8.0% to over 70.0% in individual plots.
Mean percent cover of native perennials declined by just over 55% following the 24
Command Fire (Table 1.32a). Although cover has increased each year since 2001,
percent cover of native perennials in 2004 (42.8% =+ 18.2 SD) was still significantly lower
than pre-fire values (57.4% + 24.5 SD; P <0.0001). Species richness of native perennial
plants ranged between four and 29 species/ plot. Mean species richness of native
perennials has been higher since the 24 Command Fire. Richness in 2004 (12.9% + 5.7)
was the highest recorded in the study, and was significantly greater than pre-fire values
(11.3% + 5.7, P <0.001).

Correlations between percent cover of cheatgrass and percent cover and richness
of native perennials have been presented above (Table 1.5). Of the environmental
variables, elevation exhibited the strongest correlation with percent cover of native
perennial plants in 2004 (r = 0.64; P < 0.0001; Fig. 1.5a) and was consistently correlated
near that value during the course of this study. Slope was also moderately correlated with
native perennial cover in 2004 (r = 0.56; P < 0.0001) and previous years. Perennial cover
was also moderately negatively correlated with fire severity (r = -0.56), heat load (r = -
0.50) and percent litter (r = - 0.46; P <0.0001) in 2004 (Table 1.33).
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Table 1.32. Mean percent cover and species richness of all native perennial vascular

plants in vegetation plots on the ALE Reserve, pre-fire — 2004: (a) all plots (n = 70); (b)

big sagebrush and winterfat plots (n = 20); (c) all other plots (n = 50). ANOVA P values
are results of one-way repeated measures ANOVA; t- test P values are results of two-
tailed paired-sample t tests between pre-fire and 2004 values only.

a. All Plots (£ SD) ANOVA | t test
Pre-fire 2001 2002 2003 2004 P P
Percent
cover | 57.4 (24.5)|25.8 (19.6) | 37.1 (18.2) | 41.7 (19.8) | 42.8 (18.2) | <0.0001 | <0.0001
Species
richness | 11.3  (5.7) | 11.9 (7.1) | 11.9 (6.6) | 11.6 (5.3) | 12.9 (5.7) | <0.001 | <0.001
b. Big Sagebrush & Winterfat Plots (+ SD) ANOVA | t test
Pre-fire 2001 2002 2003 2004 P P
Percent
cover | 47.7 (20.2) | 89 (7.5) | 18.0 (12.5)|21.7 (13.1) |27.4 (13.4)|<0.0001 | <0.001
Species
richness | 7.5 (3.0) | 55 ((32) ] 70 (@3.1) | 81 (2.6) | 9.1 (2.3) [ <0.0001 | 0.026
C. All Other Plots (+ SD) ANOVA | ttest
Pre-fire 2001 2002 2003 2004 P P
Percent
cover | 61.1 (25.0) | 32.6 (18.8)|44.8 (14.1) |49.7 (16.0) | 49.0 (16.1) | <0.0001 | <0.0001
Species
richness | 12.8  (5.9) | 14.5 (6.5) | 13.8 (6.6) | 13.0 (5.5 | 14,5 (5.9) | <0.0001 | 0.002
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Fig. 1.5. Correlations between elevation and (a) percent cover and (b) richness of native
perennial plant species in ALE Reserve vegetation plots, 2004.
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Table 1.33. Correlation coefficients of community and environmental variables with
percent cover and species richness of native perennial plants in vegetation plots on the
ALE Reserve, pre-fire-2004. Values accompanied by the following superscripts are
significant: a-P <0.0001;b-P <0.001;c-P <0.005;d-P<0.01;e-P<0.05.

Native Perennial Plants

Total Percent Cover

Total Species Richness

Pre-fire| 2001 | 2002 | 2003 | 2004

Pre-fire| 2001 | 2002 | 2003 | 2004

Native Pre-fire
Perennial 2001
Cover 2002
2003

2004

Native Pre-fire
Perennial 2001
Richness 2002
2003

2004

Pre-Fire Shrub Cover
Litter

Elevation

Fire Severity

Slope

Aspect

Heat Load Index

1
0.52°
0.55"
0.60"
0.63"
0.55*
0.58"
0.60"
0.57*
0.60"
0.07
-0.38°
0.66"
-0.23
0.46"
-0.12
-0.45°

1
0.79°
0.80°
0.85°
0.65°
0.82°
0.74°
0.68°
0.72°
-0.43°
-0.29
0.63°
-0.55°
0.69°
0.13
-0.62°

0.94°
0.87°
0.64°
0.79°
0.70°
0.60°
0.64°
-0.51°
-0.32¢
0.66°
-0.66
0.59°
0.08
-0.53°

0.91°
0.63°
0.80°
0.72°
0.63°
0.69°
-0.46°
-0.39°
0.70°
-0.62°
0.59°
0.14
-0.52°

0.61°
0.76"
0.68"
0.63"
0.67*
-0.37°
-0.46"
0.64"
-0.56"
0.56"
0.02
-0.50°

0.88"
0.84"
0.82%
0.82°
-0.28"
-0.29
0.76"
-0.47"
0.73%
0.14
-0.63"

0.92* 1

0.87* 091* 1

0.90* 0.92° 0.92° 1
-0.39° -0.31¢ -0.30° -0.24
-0.33° -0.38° -0.42° -0.37°
0.84* 0.81° 0.79° 0.85
-0.57* -0.50" -0.47* -0.44°
0.79* 0.82* 0.78* 0.79°
0.13 0.11 0.09 0.10
-0.70* -0.73* -0.71* -0.71
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Both elevation (Fig. 1.5b) and slope were strongly correlated with native
perennial species richness throughout the course of this study (r > 0.73; P <0.0001). In
2004, plots with > 19 native perennial species all occurred above 2100 ft. (640 m)
elevation, while plots with fewer than 10 native perennial species all occurred below
1300 ft. (396 m). Heat load was strongly negatively correlated with richness during the
four post-fire years (r > - 0.70; P <0.0001). Fire severity was moderately negatively
correlated with perennial richness through the course of the study, and was the only other
environmental variable moderately correlated with richness in 2004 (r=- 0.44; P <
0.001).

Percent cover of native perennials in big sagebrush and winterfat stands declined
by more than 80% following the 24 Command Fire, compared to a reduction in cover of
less than 50% in all other plots (Table 1.32b, c). Although percent cover in sagebrush
and winterfat shrublands more than tripled between 2001 and 2004, the most recent value
for native perennial cover (27.4% + 13.4 SD) was still less than 60% of pre-fire values (P
<0.0001). By comparison, 2004 percent cover in all other plots (49.0% + 16.1 SD) was
more than 80% of pre-fire values, although this figure was still significantly lower than
pre-fire values (P < 0.0001; Table 1.32c). Overall perennial species richness in
sagebrush and winterfat shrublands declined by two species/ plot in 2001; However,
richness has recovered progressively since 2001, and richness in 2004 (9.1 species/ plot +
2.3 SD) was greater than pre-fire values (P = 0.026; Table 1.32b).

Sorensen’s coefficient of similarity (Sc) for all perennial plant species ranged
from 4.6% to 84.9%. Twenty of 70 plots had coefficients of 50.0% or lower. Plots
where SC < 50.0% included 13 of 17 Wyoming big sagebrush stands. The eight lowest
scores (SC < 21.4%) and 12 of the 15 plots with the lowest Sc (Sc <41.2%) were located
in Wyoming big sagebrush stands. Three of five plots dominated by needle and thread
(Wildermand 1994), three bluebunch wheatgrass stands, and a single threetip sagebrush
plot completed this group. Plots with greater than 50.0% similarity were mostly middle
and higher elevation grasslands. Winterfat plots (n = 3; Sc 60.6 -70.2%) and the
remaining threetip sagebrush stands were also scattered throughout this group.

Sc with large shrub cover removed from the calculation was somewhat higher
than when calculated using all perennial plant species, ranging from 12.0% to 86.2%.
Changes in Sc for individual plots ranged from 0.0% (21 plots) to 18.5% (absolute
values) between the two methods. Sc changed by no more than 3.0% for 46 of 70 plots.
These changes were in the direction of increasing similarity and resulted in meaningful
changes in rank placement for 10-12 plots. Predictably, plots that had been dominated by
big sagebrush and other large shrubs prior to the 24 command Fire exhibited the largest
changes (1.8% - 18.5%) in Sc. Still, big sagebrush plots accounted for 10 of the 13
lowest scores (SC = 12.0% - 41.6%), and 13 of 17 big sagebrush plots were in the lower
50% of scores.

The two methods of calculating Sc were very strongly correlated (r = 0.96; P <
0.001; Table 1.34). Correlations with environmental and community variables were
generally stronger for Sc with shrub cover included in the calculation. Stand similarity
with shrubs was most strongly negatively correlated with fire severity (r = - 0.65; P <
0.0001; Fig. 1.6a) and with pre-fire shrub cover (r =-0.61; P <0.0001; Fig. 1.6b). Sc
with shrub cover was also moderately correlated with pre-fire cover of perennial
bunchgrasses (r = 0.57; P < 0.0001).
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Fig. 1.6. Sorensen’s coefficient of similarity (Sc) for native perennial vegetation in
vegetation plots on the ALE Reserve, pre-fire vs. 2004, in relation to (a) observed fire

severity , and (b) pre-fire cover of large shrubs. Estimated fire severity scale is from 1
(least severe) through 4 (most severe).
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Table 1.34. Correlations of Sorensen’s coefficient of similarity (Sc) for ALE Reserve
vegetation plots with community and environmental variables. Values accompanied by

the following superscripts are significant: a- P <0.0001;b-P <0.001; c - P <0.005; d -
P <0.01.

Sc | Sc w/o shrubs
Sc 1.00
SC w/o shrubs 0.96% 1.00
Cheatgrass cover, pre-fire -0.31¢ -0.28
Cheatgrass cover, 2004 -0.13 -0.07
Cheatgrass density, 2004 -0.13 -0.07
Pre-fire shrub cover -0.61% -0.44°
Litter 2004 -0.04 -0.03
Elevation 0.24 0.15
Fire Severity -0.65% -0.49%
Slope 0.22 0.14
Aspect 0.21 0.23
Heat Load Index -0.16 -0.08
MBC, pre-fire -0.21 -0.16
MBC, 2004 0.18 0.11
Native Perennial Cover, pre-fire 0.06 0.02
Native Perennial Cover, 2004 0.45% 0.37°
Native Perennial Grass Cover, pre-fire 0.31¢ 0.21
Native Perennial Grass Cover, 2004 0.57% 0.48%
Large Native Perennial Grass Cover, pre-fire | 0.26 0.13
Large Native Perennial Grass Cover, 2004 0.46% 0.35¢
Native Perennial Richness, pre-fire 0.32¢ 0.25
Native Perennial Richness, 2004 0.21 0.11
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The first four axes of detrended correspondence analysis (DCA) account for
32.7% of the variance in the species composition data, with the first axis accounting for
15.7% (Table 1.35). The first axis, DCA-1, is nearly 3.5 half-changes long, reflecting the
high species diversity associated with the relatively wide range of habits represented in
the sample data (Fig. 1.7). DCA -1 appears to approximate an elevation gradient, with
low elevation stands near the origin or left-hand side of the diagram and elevation of sites
increasing generally from left to right. The second axis, DCA-2, is just over three half-
changes long and appears to approximate a gradient in total shrub cover, with shrub cover
decreasing from bottom to top across the diagram.

Wyoming big sagebrush shrublands in pre-fire condition are clustered in the
lower left-hand corner of the diagram and have the lowest scores on both the first (DCA-
1) and second (DCA-2) axes of the ordination. The five plots associated with BRMaP
20, big sagebrush-spiny hopsage plots on sandy soils, have the most extreme low scores.
Post-fire (2004) scores for the same plots have just slightly higher scores along DCA-1
but are separated by one to two full half-changes from their pre-fire counterparts along
DCA-2. Differences between other big sagebrush plot pairs are less extreme, but are still
generally greater than differences for other habitat types. Differences between the pre-
and post-fire composition of winterfat plots (samples 44, 47, and 50 near the upper left-
hand corner of the diagram) were far less extreme than for big sagebrush plots.

A tight cluster of sites on the right-hand side of the diagram represents a mixture
of grasslands and threetip sagebrush/ Idaho fescue communities. Site scores for these
habitats range from middle to high scores along DCA-1 but are clustered within a narrow
range along DCA-2. In general, pre- and post-fire conditions of grasslands and threetip
sagebrush/ Idaho fescue plots are clustered comparatively closely together on the
ordination diagram. Overall, pre-fire site scores are much more widely dispersed along
both ordination axes than 2004 values, suggresting a coparative homogenization of
vegetation among sites following the 24 Command Fire.

Table 1.35. Summary of axis scores from detrended correspondence analysis (DCA),
ALE Reserve vegetation plots, pre-fire vs. 2004 data.

Axes — 1 | 2 | 3 | 4
Eigenvalues 414 218 142 .090
Cumulative % variance of species data 157 239 293 327

Sum of all unconstrained eigenvalues 2.643
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DISCUSSION

Invasive species. Cheatgrass abundance on the ALE Reserve varies from dense stands
with few or any native perennial plant species (Fig. 1.8) to areas of low cheatgrass
abundance where native habitats are still in relatively good condition. Cheatgrass
abundance declined sharply in the year following the 24 Command Fire. At many sites,
percent cover of cheatgrass had recovered to at or near pre-fire levels by 2002, while
percent frequency already exceeded pre-fire values by that year. By 2004, overall
cheatgrass cover was statistically similar to pre-fire levels. Overall frequency was greater
for all types of plots, suggesting that the species was more evenly distributed within plots
and was perhaps more ubiquitous than prior to the fire. Unfortunately, no pre-fire density
data were available to allow for the same direct comparisons with this parameter. Close
correlations between cheatgrass cover and density in all other years suggest that low
densities in 2001 represented a considerable reduction compared to pre-fire conditions.
Comparisons of densities between unburned refugia and adjacent burned areas support
this conclusion. However, density values in both vegetation plots and Transition density
plots in 2004 were the highest figures recorded between 2001 and 2004, though the
difference between 2003 and 2004 values was significant only for the vegetation plots.

Our data indicate a pattern of cheatgrass response to wildfire similar to that
described in shrub-steppe vegetation in a number of previous studies (for example
Humphrey and Schupp 2001, Peters and Bunting 1994, Rickard et al. 1988, West and
Hassan 1985, Young and Evans 1985, 1978, Evans and Young 1978). Wildfire destroys
a portion of the cheatgrass seedbank and clears areas of the dense surface litter that
provides the most favorable seedbed for cheatgrass germination and establishment. Very
severe wildfires, usually associated with shrublands and the woody fuels that characterize
them, may destroy nearly the entire cheatgrass seedbank within the affected area (Young
et al. 1976). However, a percentage of viable cheatgrass seed inevitably survives. Due to
the species’ enormous reproductive potential, survival of a very small fraction of the
original seedbank is sufficient to restore cheatgrass abundance to pre-fire levels within 2-
4 years.

The spike in cheatgrass cover and frequency in Steppe-in-Time (SIT) plots on the
ALE Reserve in 2000 may have been influenced by precipitation more than 40% above
normal at Hanford during winter and spring of 2000 (HMS 2004)'. Cheatgrass
abundance is likely to vary with precipitation or other moisture related factors, with
abundance increasing during years of above-average precipitation, and with abundant
spring precipitation is especially favorable for cheatgrass establishment (Blackshaw et al.
2001, Young and Longland 1996Young and Evans 1985, Young et al. 1969).

! The failure of cheatgrass cover in SIT plots in southern Benton County plots to track these increases on
ALE in 2000 may be explained by local variability in precipitation. While the entire Lower Columbia
Basin received higher-than-normal precipitation for winter and spring 2000 overall, only Hanford and
Richland received significant precipitation during April of that year. The Hanford Meteorological Station
and the Richland Station of the National Weather Service (NWS) recorded 0.57” (30% above normal) and
0.86” (56% above normal) respectively during April 2000, while NWS stations just to the south
(Kennewick, Prosser, McNary Dam, Boardman, OR), all recorded less than 0.05” (92% - 97% below
normal; HMS 2004, NWS 2004). Thus cheatgrass cohorts in areas south of the Hanford Site likely
experienced drought during a critical period of development at the same time that sites on the ALE Reserve
were benefiting from above-normal precipitation.
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It is less clear how above-normal precipitation may have affected cheatgrass
abundance in 2003 and 2004. During the critical December — April periods of 2003 and
2004 precipitation at Hanford has been 204.3% and 151.4% of normal, respectively
(HMS 2004). However, below normal temperatures and prolonged snowcover at low
elevations during winter 2003 — 2004 may have negatively influenced production and
abundance of cheatgrass during the past year.

Abundance and recovery of cheatgrass were not uniform across the ALE
landscape. Cheatgrass was strikingly less abundant in vegetation plots at elevations
above 1400 ft. (427 m; Fig. 1.9). High elevation sites display a set of characteristics that
may render them more resistant to the proliferation of cheatgrass. These sites support
relatively productive native perennial plant communities that are considerably higher in
total percent cover and species richness of native perennials than habitats at lower
elevations. Higher precipitation and more moderate growing season temperatures in
these habitats (Rotenberry et al. 1976, Hinds and Thorp 1969), enhanced by northerly to
northeasterly aspects on moderate to steep slopes, may promote greater resilience in these
more nearly closed stands in the aftermath of wildfires and other disturbances. The high
percent cover of native perennial vegetation was correlated with reduced cover of
cheatgrass, as has been noted in other recent studies (West and York 2002, Anderson and
Inouye 2001), and may indicate a degree of competitive control of cheatgrass abundance.
Native perennials appear to maintain dominance or to co-dominate with cheatgrass on
more mesic exposures even at lower elevations on Hanford (Sauer and Rickard 1979,
Rickard 1975, Rickard et al. 1973).

Characteristics of the winter environment at higher elevations may also contribute
to reduced performance by cheatgrass. A critical advantage of this invasive winter
annual is its capacity for root growth during the cool months of winter when soil moisture
is less limiting and native perennial species are dormant (Harris 1967). The progressively
lower temperatures and lengthening periods of persistent snow cover that are associated
with increasing elevation probably reduce this competitive advantage. Over-winter
mortality of fall-germinating seedling cohorts, reduced productivity of survivors, and
delayed germination of spring-germinating seedling cohorts may all be significant
consequences of winter conditions (Pierson and Mack 1990, Mack and Pyke 1984). An
extreme example of winter conditions unfavorable to cheatgrass comes from January
2004, when snow cover was persistent on the Central Plateau at Hanford at only 600’
(183 m) elevation for nearly the entire month of January (HMS 2004) and pocket gopher
snow tunnel castings were observed at all elevations. Undoubtedly the duration of this
snowpack was considerably longer above 2000°. Other environmental factors, including
pH, soil organic matter, and total soil carbon also increase with elevation on ALE (Smith
et al. 2002) and may play a role in overall community resistance to cheatgrass
proliferation.

The moderate to high negative correlations of cheatgrass abundance with species
richness of native perennials supports theories that species diversity in native
communities confers resistance to invasion by alien species (DiTomasi 2000, Rosentreter
1994) . This position has been challenged in recent years (Anderson and Inouye 2001,
Stohlgren et al. 1999, and others). The possible merits of this relationship aside, its
reverse seems intuitive: that natural diversity may express itself more fully in areas where
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the abundance of invasive species is low, and more ecological niches are potentially
available to native species.

At lower elevations, cheatgrass abundance remained lower than pre-fire values in
2004 where big sagebrush stands occurred on sandy soils (Fig. 1.10). Cheatgrass cover
was still only 54 % of pre-fire values in these habitats four years after the 24 Command
Fire, in contrast to other sites where cheatgrass cover had returned to pre-fire values
much earlier. Cheatgrass abundance has been observed to respond positively to finer
textured soils (Durham et al. 2001, Miller et al. 2001). The coarse texture of sandy soils
allows moisture from winter storms to penetrate quickly through surface layers, rendering
these sites less favorable for winter growth of cheatgrass seedlings than silt loam soils,
which hold moisture nearer to the soil surface where it is more available to seedling roots.
While recolonization is slower on these sites, high cheatgrass abundance in pre-fire data
underscore this invader’s ability to dominate such sites over the long term, however.

The ecosystem-altering effects of cheatgrass have been well documented.
Invasion of this Mediterranean annual into shrub-steppe communities initiates a suite of
changes in critical ecosystem properties such as community structure, species diversity,
and moisture and nutrient regimes. Cheatgrass exploits the niches previously occupied
by native annual plant species, and outcompetes the seedlings of perennials (Brooks and
Pyke 2001, Rosentreter 1994, Whisenant 1990, Young and Evans 1978, Harris 1977,
1967). Cheatgrass occupies the interspaces between perennial vascular plants and
smothers microbiotic crusts (Belnap and Philips 2001, Belnap et al. 2001) while
disrupting mycorrhizal associations (Wicklow-Howard 1994). Its winter annual habit
alters seasonal patterns of production and adds unusually large amounts of dead above
and belowground biomass to the system annually (Belnap and Phillips 2001). Copious
additions of litter contribute to smothering effects aboveground and, coupled with below
ground root decay, increase carbon: nitrogen ratios and ultimately reduce nitrogen
availability in soils (Evans et al. 2001). Associated changes in the soil biota include a
reduction in diversity of soil invertebrates and changes in diversity of soil microbes and
fungi (Belnap and Phillips 2001).

The annual buildup of a continuous mat of dry litter contributes to increases in the
frequency, extent, and severity of wildfires (USFS 2001, Brooks and Pyke 2001, Young
and Evans 1985, 1978) which reinforces the trends outlined above. Wildfires contribute
to the wholesale alteration of the ecosystem by altering the availability and distribution of
nutrients, and by further reducing the vigor of surviving native perennials and
contributing to the fragmentation of microbiotic crusts (Brooks and Pyke 2001, Belnap et
al. 2001, Whisenant 1990). Areas dominated by cheatgrass are associated with declining
wildlife habitat value (Brooks and Pyke 2001, Knick et al. 1999, Soll et al. 1999, Dobler
1994, Schuller et al. 1993, Groves and Steenhof 1988). The entire successional sequence
may be attenuated into a brief episode of alien annual forb abundance followed by
cheatgrass dominance (Young and Longland 1996). Recurring wildfires only serve to
reduce the vigor of relict native perennials and reinforce this brief cycle. In many areas
this cheatgrass-wildfire cycle has resulted in the conversion of extensive native shrub-
steppe ecosystems to alien annual grasslands within a few decades (Monsen 1994a,
Peters and Bunting 1994, Whisenant 1990, Young and Evans 1985). Once dominance
has been achieved, cheatgrass has been observed to persist for many decades with no
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Fig 1.8. Dense cheatgrass (Bromus tectorum) with Carey’s balsamroot (Balsamorhiza careyana).
lowa Flats area, elevation ca. 700 ft. (215m).
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Fig. 1.9, High elevation native plant communities on silt loam and stony silt loam soils exhibited
high percent cover and richness of native perennial plant species, factors associated with lower
percent cover of cheatgrass in ALE study plots: (a) bluebunch wheatgrass-Sandberg’s bluegrass
grassland on upper slopes of Rattlesnake mountain, ca. 2500 ft. (760 m); (b) forb-rich bluebunch
wheatgrass-ldaho fescue community near the crest of Rattlesnake Mountain, ca. 3200 ft. (975 m).
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Fig 1.10. Wyoming big sagebrush — spiny hopsage/ Sandberg’s bluegrass shrubland on sandy soils
(BRMaP Plot 20, Transect PC 1), elevation 640 ft. (195 m): (a) 2001; (b) 2004. No pre-fire image is
available. Prior to 2000, percent cover of large shrubs and cheatgrass was greater than 20% and
35%, respectively, in this community. Percent cover of cheatgrass was still little more than 50% of
pre-fire values four years after the 24 Command Fire. Substantial cover in 2004 was provided by
the alien annual forbs tumble mustard and Russian thistle. 87
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indication of natural recovery towards perennial dominated systems (Rickard and Sauer
1982, Daubenmire 1975).

Cheatgrass is almost ubiquitous on ALE. It is, of course, well established along
roadsides, but invades surrounding lands along nearly every old rutted track or fireline, as
well as along wildlife trails. Along with tumble mustard (Sisymbrium altissimum) and
other non-native forbs, it has colonized and dominated nearly every landscape concavity,
from deep washes to minor depressions, and in this way has made alien corridors into and
surrounding the remaining perennial shrublands and grasslands. There are likely no
places on ALE that are completely free of cheatgrass. Even the best remaining
grasslands we have observed already contain occasional individuals or, here and there, a
dense stand upon a gopher mound or other small natural disturbance. The presence of
these small infestations likely serve as seed sources for increasing cheatgrass abundance
in the surrounding landscape when fires or other disturbances create favorable conditions.

The ALE Reserve is host to a suite of alien annual forb species that is typical of
western rangelands (Evans and Young 1970). Like cheatgrass, these alien forbs are
common and widespread across all major habitat types on the Reserve. The abundance
and distribution of alien annual forbs increased substantially following the 24 Command
Fire. While overall cover and frequency of alien annual forbs were highest in 2003,
abundance values for tumble mustard (Sisymbrium altissimum), Russian thistle (Salsola
kali), and redstem filaree or storksbill (Erodium cicutarium) in 2004 were still
significantly greater than pre-fire values, and the number of plots in which these species
were recorded represented a 4- to 6-fold increase over pre-fire distributions.

These broadleaf annual weeds may dominate degraded rangelands for a brief
period following wildfires or other disturbances, but typically decline within a few years,
yielding to competition with cheatgrass and other species (Rickard et al. 1988,
Daubenmire 1975, Evans and Young 1970). Interpreted in this light, the declines in
abundance of both alien and native annual forbs observed in 2004 are not unexpected.

Some important invasive annuals are underrepresented in our records either due to
seasonal phenology or because particular habitats were not sampled. Russian thistle
achieves maximum development in late summer and our data records represent only
seedling stages of this warm season annual. This species currently dominates some
former big sagebrush stands at low to middle elevations especially on sandier soils.
Storksbill is abundant along roadsides and on warmer aspects in disturbed draws, habitats
where no vegetation reference plots were located. In some of these disturbed areas
storksbill appears to vie with cheatgrass for dominance.

Roads and other corridors (Gelbard and Belnap 2003, Trombulak and Frissell
2000, Tyser and Worley 1992), grazing and associated water developments (Belsky and
Gelbard 2000, Fontaine et al. 2004), wildfire (Pellant 1990, Young and Evans 1985,
Bushey 1995), and homestead, agricultural, and other human development are well-
known to promote the proliferation of cheatgrass and other invasive species (Carpenter
and Murray 1999, Mack 1981, Stewart and Hull 1949). Lack of correlation between
cheatgrass abundance and land use and disturbance measures in this study may be
attributable to one or several of a number of factors, including sketchy or incomplete
records of historic activities, insufficiently detailed fire history data and the diffuse
impacts of grazing and other agricultural, military, and scientific activities away from
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established homesteads or facilities. Another such factor is the proliferation of roads on
or surrounding ALE. There are more than 80 miles of currently active roads (both paved
and unpaved) and nearly 60 miles of abandoned roads on the ALE Reserve, and the site is
bordered on three sides by busy state highways. In addition to roads, nearly 20 miles of
powerlines cross the Reserve (HRNM 2004). Few areas are more than 2.0 km from one
of these features, so that the influence of any single factor may be difficult to tease out. It
may also be that the relationships between these factors and cheatgrass abundance are not
so linear as to be revealed by simple correlation.

Native species and communities. The 24 Command Fire burned with varying intensity
as it swept across the Arid Lands Ecology Reserve (Interagency Fire Team 2000) and had
varying effects upon the plant communities in its path.

The 24 Command Fire had substantial impacts at all structural levels within the
big sagebrush stands on ALE (Fig. 1.11). Changes in stand structure, species abundance,
and community composition were strongly evident four years after the wildfire and the
impacts of these changes can be expected to affect ecosystem processes and functions in
both the short term and for many years to come.

The dramatic loss of Wyoming big sagebrush (Artemisia tridentata ssp.
wyomingensis) in the 24 Command Fire continued a trend that has seen the majority of
ALE shrublands reduced by fire over the past three to five decades (Rickard at all 1988,
J.L. Downs pers. comm., T. Skinner pers. comm.) The 24 Command Fire consumed most
of the remaining high quality, large, and contiguous stands of big sagebrush within the
ALE Reserve. Portions of stands that escaped the fire, mainly north of Rattlesnake
Springs and the Gate 118 Road, are small and fragmented. Both Wyoming big sagebrush
and its important associate spiny hopsage (Atriplex = Grayia spinosa)were almost
entirely removed from within the footprint of the fire. The loss of these keystone shrub
species over wide areas on the ALE Reserve is exacerbated by the lack of significant
natural sources of sagebrush seed over most of the affected area and by the vanishingly
small rate of reproductive success of spiny hopsage in the Columbia Basin in recent
decades.

The removal of these large deep-rooted shrubs alters important ecosystem
functions such as water utilization and storage, resource allocation, biological production,
and nutrient cycling (Link et al 1990, Bunting 1985, Cline et al. 1977, Harniss and
Murray 1973) and reduces habitat value for large and small mammals, birds, and
terrestrial invertebrates (Welch and Criddle 2003, Soll et al. 1999, Dobler 1994, H.
Newsome pers. comm). Numerous vertebrate and invertebrate species feed upon big
sagebrush, and sagebrush-obligate wildlife species such as the greater sage grouse
(Centrocerus urophasianus — until recently a candidate for federal endangered species
status, state threatened), sage sparrow (Amphispeza belli — state candidate), loggerhead
shrike (Lanius ludovicianus — federal species of concern, state candidate), sage thrasher
(Oreoscoptes montanus — state candidate) and others require big sagebrush habitat for
shelter, nest sites, food, or habitat for prey species. Many other wildlife species,
including the burrowing owl (Athene cunicularia -- federal species of concern, state
candidate), the black-tailed jackrabbit (Lepus californicus — state candidate), and others
are most common and abundant in the vicinity of big sagebrush stands (Newsome and
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LaFramboise 2004, Welch and Criddle 2003, Wambolt 2001, Connelly et al. 2000, Soll et
al. 1999, Dobler 1994, McCorquodale 1987).

These former Wyoming big sagebrush or big sagebrush — spiny hopsage habitats
on the ALE Reserve will not recover without extensive and persistent restoration efforts.
The loss of big sagebrush from the last extensive portions of its former range on the ALE
Reserve represents the crossing of a threshold in ecosystem condition (Hemstrom et al.
2002, Stringham et al. 2001, Laycock 1991, Westoby et al. 1989). Even under the most
favorable conditions, natural recovery of big sagebrush canopies may take 30 years or
more (Wambolt et al. 2001, 1999, Nelle et al. 2000, Harniss and Murray 1973). The
same factors that make unassisted recovery of Wyoming big sagebrush habitats unlikely
— the semiarid climate of south central Washington, the high frequency of wildfires, and
the potential for increase of cheatgrass and other invasive species — will present extreme
challenges to the restoration and long-term maintenance of these critical habitats.

Big sagebrush is entirely dependent upon establishment from seed to recolonize
areas following fire. The majority of big sagebrush seeds typically remain viable in the
soil seed bank only through the spring of the year in which they are produced (Meyer
1994, Young and Evans 1989) and abundant recruitment from seedbanks following a
summer wildfire is unlikely. However, a small but perhaps ecologically significant
fraction of the big sagebrush seed bank may persist beyond this brief period (Booth 2002,
Young and Evans 1989) and may account for the scattered big sagebrush juveniles
observed in former shrublands on ALE these past few years.

Natural reestablishment of big sagebrush on ALE is further complicated by
problems of seed dispersal from the few remaining naturally occurring sources. Seed
production in surviving islands of Wyoming big sagebrush may contribute to the long-
term recovery of the ALE shrublands (Longland and Bateman 2002). However,
maximum dispersal of big sagebrush seeds from the parent plant is only 30 m (Welch
2004), and most seed produced by big sagebrush falls within only one meter of the parent
(Young and Evans 1989, Bunting 1985). Much of the area formerly dominated by big
sagebrush and severely burned during the 24 Command Fire is currently remote from
significant stands of reproductive survivors

Although spiny hopsage has been reported to be capable of vegetative
regeneration following fire (Daubenmire 1970), no evidence either of resprouting or of
seedling establishment of this species has been observed on ALE in the four years
following the 24 Command Fire. Resprouting of spiny hopsage appears to be extremely
uncommon in the Columbia Basin (Simmons and Rickard 2003, Rickard and McShane
1984). Reproduction by this species from seed, while not unheard of at Hanford (J.
Downs pers. comm., D. Salstrom pers. comm.), is rare enough to prompt concerns over
potential local extirpation of this species in south central Washington (Simmons and
Ri