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Executive Summary

The Kaiser-Hill Company (K-H) Ecology Group conducts ecological monitoring of the Site’s natural
resources to ensure regulatory compliance and to preserve and protect those resources during cleanup and
closure operations.  Ecological monitoring is an integral aspect of determining whether the management
objectives and goals for the plant communities at the Site are being achieved.  One component of the
ecological monitoring program is annual vegetation monitoring.  The objectives are to assess the status and
quality of the plant communities on the Site, document any trends, and assess the effectiveness of various
management techniques.  This report summarizes the results of the vegetation monitoring that was
conducted at the Rocky Flats Environmental Technology Site (the Site) during 2001.

At an elevation of approximately 6,000 ft., the Site contains a unique ecotonal mixture of mountain and
prairie plant species resulting from the topography of the area and its proximity to the mountain front.  The
Buffer Zone, the area surrounding the Industrial Area, is one of the largest remaining undeveloped tracts of
its kind along the Colorado Piedmont (Figure EX-1).  A number of plant communities present at the Site
have been identified as increasingly rare and unique by the K-H Ecology Group and the Colorado Natural
Heritage Program (CNHP).  These communities include the xeric tallgrass prairie, tall upland shrubland,
wetlands, and Great Plains riparian woodland communities.  Small inclusions of a number of other
increasingly rare plant communities are also found on the Site.  Many of these communities support
populations of increasingly rare animals as well, including the federally protected Preble’s meadow
jumping mouse, and other uncommon species such as the grasshopper sparrow, loggerhead shrike,
Merriam’s shrew, black crowned night heron, hops blue butterfly and Arogos skipper.

Vegetation monitoring is conducted at the Site using several methods, to meet the monitoring objectives.
During 2001, these objectives included species richness inventories, noxious weed and rare plant species
mapping, photographic documentation, qualitative habitat assessment surveys, quantitative monitoring of
long-term plant community changes, quantitative assessments of the effectiveness of herbicide applications
and potential associated impacts to the native plant communities, and an evaluation of the effects of a
prescribed burn on the xeric tallgrass prairie.

A brief summary of the highlights from the 2001 field season are found below with detailed summaries and
analyses for each field monitoring effort presented in the following chapters.  In addition, electronic
versions of the entire report and other monitoring results are contained on the CD-ROM found at the end of
the report.

Site Flora

As a result of the 2001 field work, a total of eight new records of vascular plant species are reported for the
Site.  None of the new species recorded on Site in 2001 are rare species or Colorado State-listed noxious
weeds.  The addition of these new species brings the total number of plant species known to occur at the
Site to 599.  The flora of the Site is extremely rich for an area of its size, due to the proximity of the
mountain front and the mixing of the Great Plains and mountain species.

In fall 2001, the Site herbarium (containing the plant voucher specimens of all species known to occur at
the Site) was transferred as a donation by the U. S. Department of Energy (DOE) and Kaiser-Hill
Company, L.L.C. to the University of Colorado Herbarium (COLO) in Boulder, Colorado.  Placement of
the herbarium collection at COLO provides a permanent home for the plant collections documenting the
flora of Rocky Flats, which are important for both their biological and historical value.  In addition, it
makes the Site collection available to researchers, students, and the public, while still providing
accessibility for future studies at the Site.
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Four plant species of concern listed by the CNHP as rare or imperiled occur at the Site.  During 2001,
populations of mountain-loving sedge (Carex oreocharis), forktip three-awn (Aristida basiramea),
carrionflower greenbriar (Smilax herbacea), and dwarf wild indigo (Amorpha nana) were visited and
evaluated.  All four species were observed in vegetative, flowering, and fruiting condition.  New
populations of forktip three-awn grass were discovered in the Buffer Zone during an attempt to establish
some new populations of this species at the Site by seeding at new locations.  The new locations of forktip
three-awn have more than doubled the documented area where the species occurs at the Site.  Statewide,
the species is only known to occur from three other localities besides Rocky Flats: White Rocks in Boulder
County, Ken Caryl Ranch in Jefferson County, and from a canyon southwest of Ft. Collins in Larimer
County.  So the additional locations at the Site increase the known occurrence of this species in the State
substantially.

The high diversity of plant life and the presence of several rare plant species attests to the significance of
the natural resources at the Site within the regional ecological context along the Front Range of Colorado.

Xeric Tallgrass Prairie

A total of 292 plant species were recorded on the xeric tallgrass prairie at the Site during 2001.  Of these,
79 percent were native species.  This compares to 295 species recorded 1998 and 274 in 1997, with 81
percent and 79 percent native, respectively in those years.  Comparisons between years indicated a very
high floristic similarity between years, as would be expected.  Examination of the species lists from all
three years shows no substantial difference in the inventory results.  Most differences are attributable to
annual fluctuations in the abundance and presence of species in response to varying climatic factors.
Comparison to 1999 and 2000 species richness data were not possible because only late summer data were
collected in those years.

The xeric tallgrass prairie has been identified as a rare plant community in Colorado and North America
and its presence at the Site is a significant ecological resource.  The CNHP has identified this plant
community at the Site and on City of Boulder Open Space to the west of highway 93 as the largest
remaining tract of this community type in North America.  The community is considered to be a relict plant
community that has remained in a narrow band along the base of the mountains since the last ice age.
While the ecological value of the community remains very high, qualitative habitat assessment data on the
xeric tallgrass prairie from 2001 continues to reveal many of the same concerns reported previously.  Plant
litter buildup resulting from the lack of fire and/or grazing on the prairie continues to be a problem.  The
small 48-acre prescribed fire conducted in spring 2000, in addition to several wildfires in recent years, have
shown that substantial reduction in litter amounts and improved conditions for the native species occurs
when this natural process is restored.  The increasing occurrence of wildfires in the Buffer Zone attests to
the high fuel loads caused by years of litter accumulation.  Noxious weeds also continue to be a problem at
various locations.  The most significant problem species on the xeric tallgrass prairie are diffuse knapweed
(Centaurea diffusa), Dalmatian toadflax (Linaria dalmatica), musk thistle (Carduus nutans), and annual
rye (Secale cereale).  Others that have potential to become more problematic include common mullein
(Verbascum thapsus) and jointed goatgrass (Aegilops cylindrica).  Herbicide applications have helped
control many of these infestations and compared to four or five years ago the prairie has been improved
with far fewer of these noxious species present.

Aside from these concerns, however, the xeric tallgrass prairie appeared generally healthy and diverse.  The
dominant plant species were all observed as having flowered and produced fruit/seed in 2001.  No
substantial signs of disease, predation, injury, or die-off of any of the dominant tallgrass prairie species
were observed.  The xeric tallgrass prairie continues to be a plant community of high importance, providing
critical habitat for many plant and animal species at the Site.

Xeric Mixed Grassland

During 2001, three permanent monitoring sites (TR01, TR06, and TR12) on the xeric mixed grassland were
monitored to reassess conditions and compare to past data sets.  Monitoring of these sites dates back to
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1993.  During this timeframe, annual fluctuations in the abundance of individual species and groups of
species has occurred in response to varying environmental conditions.  These longer-term data sets are now
providing a baseline of the natural variability for the xeric mixed grassland and will be useful in future
years to compare over longer periods of time to detect change.  Results from 2001 show that both species
richness and species diversity continue to remain stable at these sites and have remained largely unchanged
by management actions.  The differences in species composition that were previously noted persist.  Sites
TR01 and TR12 are still classified as the xeric tallgrass prairie community type while TR06 remains a
needle and thread grass community.  Herbicide applications for weed control at each site have shown
varying responses.  In general, graminoid cover has increased, while forb cover declined, in response to the
herbicide applications.  At sites TR01 and TR12 on the western edge of the Site, declines in forb cover
have been more pronounced than at TR06 near the eastern edge of the Site.  Some return of the depressed
forb cover has begun at these locations as of 2001.  At TR06, cover of the noxious weed Dalamtian
toadflax has declined where it had previously been one of the dominant species in the community.  This is
presumably as a result of treatment with Tordon22K.  At all three locations however, a increase in non-
native, cool-season graminoid cover has been observed since 1993.  This is undesirable because most of the
tallgrass prairie components that comprise the uniqueness of the community are warm-season species.  This
change may be attributable to timing and amounts of precipitation, other climate factors, or potentially even
atmospheric nitrogen deposition.  However, the lack of grazing and prescribed fire for over 25 years at
these monitoring locations may also be stressing the warm-season species and giving an advantage to the
cool-season species.  Re-establishment of fire and grazing could help reverse the trend of the invasive cool-
season graminoid species.

Vegetation Management and Monitoring

Sitewide weed mapping continued for selected species, as a means of monitoring the distribution of
specific noxious weed species on the Site, identifying high-priority treatment areas, and tracking the
effectiveness of weed control efforts.  The noxious weed species with the greatest extent on the Site in 2001
were diffuse knapweed (1,957 acres), common mullein (1,357 acres), and musk thistle (869 acres).
Dalmatian toadflax was not mapped because flowering, necessary for large-scale mapping, was reduced
across much of the Site due to the herbicide applications and a late frost.  Since 1998, the total Site acreage
infested by diffuse knapweed has decreased annually, largely due to the aerial herbicide applications
conducted in 1999, 2000, and 2001.  The Site currently has approximately 1,000 acres less of diffuse
knapweed than was present in 1998, and at many of the remaining areas that have been treated, the
abundance of diffuse knapweed is substantially lower than initial levels.  Thus the herbicide applications
have proven to be quite successful at reducing the number of adult, seed producing plants at the Site.  Both
musk thistle and common mullein showed an overall increase in the total number of acres infested at the
Site in 2001 compared to 2000 values.  However, for both species the increases were largely in the low
infestation classifications, indicating the spraying efforts have reduced the overall abundance of these
species, while the species have cropped up in some new areas.

The vegetation management program at the Site continued to employ several techniques to control weeds
and enhance conditions for desired native species during 2001.  Integration of administrative and cultural,
physical and mechanical, biological, and chemical control methods, in addition to revegetation of
disturbances, were used to provide a multi-faceted approach to natural resource management.

Native seed mixtures and weed-free straw and mulch were required of all projects needing to revegetate
Buffer Zone project disturbances.  Physical and mechanical controls used at the Site in 2001 consisted of
mowing, grading, and selective hand control.  Mowing was done along the margins of the main east and
west access roads, in addition to several miles of firebreak roads in the Buffer Zone, to prevent the roadside
weeds from producing seed and spreading further.  Mowing was also conducted on the xeric tallgrass
prairie adjacent to a firebreak road in the northern Buffer Zone where annual rye has begun to invade the
prairie.  Mowing was conducted at the time when the seed heads were starting to form to prevent seed set.

Grading was conducted along firebreak roads in the Buffer Zone to maintain these firebreak roads and
prevent roadside weeds from going to seed and spreading further.  Hand control in 2001 was conducted at
several locations to control localized infestations of Scotch thistle (Onopordum acanthium), annual rye,
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bouncingbet (Saponaria officinale), dame’s rocket (Hesperis matronalis), crown vetch (Coronilla varia),
bird's-foot trefoil (Lotus corniculatus), lens-padded hoary cress (Cardaria chalepensis), pepperweed
whitetop (Cardaria draba), Dalmatian toadflax (Linaria dalmatica), and Texas blueweed (Helianthus
ciliaris).  Hand control consisted of hand pulling, using sickles or sling blades, and spot herbicide spraying.
The use of hand control has proven valuable to prevent these small infestations from becoming larger
problems, and has at several locations, eliminated the infestations.

During 2001, several species of biocontrol insects were released at the Site.  Site ecologists and Texas
A&M researchers working in conjunction with the U.S. Fish and Wildlife Service (USFWS) released
approximately 2,185 adults of Larinus minutus, a seedhead weevil that feeds on diffuse knapweed, at
several locations in different drainages at the Site.  Locations were chosen to establish populations near the
streams where other forms of weed control (such as chemical or mechanical) for this species are
impractical.  This and other species of diffuse knapweed biocontrol insects have been released in recent
years at the Site and will continue to be released at the Site in attempts to replicate promising results seen
on Boulder County Open Space to the north of the Site.  Other biocontrol insects released during 2001
included: Sphenoptera  jugoslavica , a root boring beetle that attacks diffuse knapweed; Mecinus janthinus, a
stem mining beetle that attacks Dalmatian toadflax; Trichosirocalus horridus, a weevil that attacks the
rosettes of musk thistle; Aceria malherbae, a gall mite that can help to control field bindweed (Convolvulus
arvensis); and Cassida rubiginosa , a defoliating beetle for control of Canada thistle (Cirsium arvense).

Over 1,100 acres were treated with Transline and Tordon22K using both ground and aerial applications
in 2001.  Primary target areas for treatment were heavy infestation areas of diffuse knapweed, musk thistle,
and mullein; however, other species such as Dalmatian toadflax, Canada thistle, goatsbeard (Tragopogon
dubius), alyssum (Alyssum minus), wild lettuce (Lactuca serriola), small-seeded false flax (Camelina
microcarpa), and some of the tansymustards (Descurania ssp.) were also treated.  Ongoing studies at the
Site have shown that Tordon22K® applications can provide approximately two to four years of control for
diffuse knapweed (depending on location) before additional herbicide applications are required.  Lower
effectiveness of control has been observed where flightlines have been missed or where small mammal
mounds or other activities continue to disturb the ground surface.  Dalmatian toadflax has shown reduced
flowering and vigor in the areas treated with Tordon22K.

Small mammal mounds are a common occurrence on the Rocky Flats Alluvium outwash fan, both on- and
off-site.  It has been observed that noxious weeds tend to return after spraying much more rapidly on the
small mammal mounds than in the surrounding intermound areas.  During 2001, the impact and role of
small mammal mounds on prairie species composition and noxious weeds was evaluated at the Site.
Results indicate that the small mammal mounds on the xeric tallgrass prairie at the Site have a distinctly
different plant community composition than that of the intermound areas.  The mounds are generally
devoid of the native, warm-season, perennial graminoid species that are common in the intermound areas.
Instead they are dominated by non-native, cool-season forb and graminoid species.  The mounds are in
effect “weed islands” on the prairie and noxious weeds such as diffuse knapweed, Dalmatian toadflax, and
downy brome (Bromus tectorum), all occur with much higher frequency on the mounds than on the
intermound areas.  The high density of mounds on the prairie creates a challenge for resource management
because each individual mound requires management.  The long-term preservation and sustainability of the
native xeric tallgrass prairie that exists between the mounds will require development of innovative
management strategies, given the presence and abundance of noxious weeds that are available to colonize
the mounds in today’s regional environment.

An ongoing study, conducted on the Site’s xeric tallgrass prairie for the past five years, has been evaluating
the impact of an application of Tordon22K on diffuse knapweed, the primary target species, as well as on
native prairie species.  The results have shown that the herbicide application provided four years of
effective control for diffuse knapweed.  With respect to the non-target species, initial declines in species
richness were transitory, and no changes in overall foliar cover were observed.  Forb abundance has been
impacted by the herbicide applications, however.  Total forb cover declined and remains significantly lower
than it was originally, but compared to the untreated control plot, it has generally recovered.  Late summer
native forb cover however, continues to remain significantly lower in the treatment area after five years.
This warrants concern because many of these species contribute to the uniqueness and diversity of the xeric
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tallgrass prairie at the Site.  Additional recovery time for the native, late summer forb component of the
community is required before additional non-selective herbicide applications are used.  Otherwise, further
declines in the forb component of the community are likely.  In contrast however, increases in graminoid
cover have made up for losses in forb cover, although some evidence exists to suggest that other factors
may be still limiting plant growth.  Integration with other control methods such as biocontrol, prescribed
burning to increase vigor of the native species, fencing, and potentially grazing will be necessary to
improve environmental conditions for the desired native species and succeed in ultimately reducing and
controlling diffuse knapweed infestations to acceptable levels in the long-term.

As mentioned above, the use of herbicides to control diffuse knapweed at the Site have proven very
effective at keeping seed production and the number of adult plants to a minimum for several years in the
areas sprayed.  One of the problems with maintaining control, however, is that in addition to the fact that
viable diffuse knapweed seed can exist in the seed bank for up to 10 years, off-site populations continue to
spread new seed onto Site property.  Often new seed is spread into the areas that have been treated with
herbicides thereby limiting the effectiveness of the control efforts.  Additionally, where no control has been
conducted or less effective control has been achieved, diffuse knapweed plants continue to blow across the
landscape throughout the winter months, further infesting new locations.  Therefore diffuse knapweed
movement has the potential to dramatically effect control efforts.

During the winter of 2000-2001 a study was conducted to evaluate the significance of diffuse knapweed
movement at the Site.  Results indicate that a substantial portion (56 percent) of the current year’s on-site
population of diffuse knapweed plants may be blown across the Site each winter during periods of high
wind.  The average distance these plants can move was shown to be approximately a quarter of a mile with
the maximum distance observed at almost one mile.  Using conservative assumptions, it was estimated that
over 2.3 million diffuse knapweed plants moved at the Site during the winter of 2000-2001 alone.  These
data show that a large proportion of an infestation can become mobile and disperse during periods of high
wind, resulting in the potential for significant movement of seed.  This can result in continued re-infestation
of treated areas, in addition to infestation of currently uninfested areas.  Blocking the movement of
individual diffuse knapweed plants originating from current infestations and from off-site locations with
strategically located fencing could be an effective tool, in addition to current control measures, for reducing
and controlling the diffuse knapweed problem at the Site.

Revegetation Monitoring

Monitoring was conducted during fall 2001 to evaluate the revegetation efforts on the landfill cover north
of the Industrial Area at the Site.  The landfill cover was seeded with native species in spring 1998.  Weed
control (Tordon22K) was applied to the cover in spring 1999 to control the noxious weed diffuse
knapweed that was becoming a problem on the cover.  Otherwise no further specific management of the
area has taken place.  The vegetation present on the cover in 2001 is dominated by native, warm-season,
perennial, graminoid species.  The species providing the greatest cover include blue grama (Bouteloua
gracilis), western wheatgrass (Agropyron smithii), buffalo grass (Buchloe dactyloides), and side-oats grama
(Bouteloua curtipendula), all of which were planted species in the seed mix.  In addition, other seeded
species that account for smaller cover amounts included big bluestem (Andropogon gerardii) and little
bluestem (Andropogon scoparius).  The vegetation appears healthy and thriving, based on the size of the
plants and the flowering observed during the monitoring fieldwork.  Although rock and bare ground cover
remains higher than that found on the native grassland, the native species are filling in the spaces between
the original plants and should in time form a solid stand of vegetation across most of the cover.  Weed
control will continue to be necessary to keep competition from noxious weeds low and allow the native
species to expand across the cover.  The results suggest a very successful revegetation project thus far.

Disturbances

During the winter of 2000-2001, high winds deposited several inches of sand on the xeric tallgrass prairie
in the northwest Buffer Zone.  The source of the material originated from the gravel mine, not operated by
K-H or DOE, in the northwest corner of the Site.  In late May 2001, when the deposition was discovered,
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most of the existing vegetation in the area had been buried.  Only Canada bluegrass, white sage (Artemesia
ludoviciana), and some junegrass (Koleria pyrimidata) were still surviving where deposition was less deep.
Otherwise the area was mostly sand.  By late summer, the area was covered with annual weedy species.
Much of the area was dominated by common sunflower (Helianthus annuus), a native species that often
comes in after disturbance.  Other species that established, however, included noxious weeds such as
diffuse knapweed, Russian thistle (Salsola iberica), and kochia (Kochia scoparius), all of which will need
to be controlled in the area now.  By late September, although most of the area was still dominated by the
annual forbs mentioned above there was some recovery of big bluestem, white sage, and some stiff
sunflower (Helianthus rigidus; all native species).  It will remain to be seen, however, whether the xeric
tallgrass prairie can recover.  Reseeding of the area and weed control may be required to re-establish the
native cover if it does not return on its own and to prevent the area from becoming a solid infestation of
noxious weeds.  This situation is likely to be repeated in coming years as the mine continues to expand its
operation to the south, creating more potential to impact the xeric tallgrass prairie.

Prescribed Burn

In April 2000, a prescribed burn was conducted on 48 acres of the xeric tallgrass prairie at the Site.  The
prescribed burn accomplished several objectives and demonstrated the potential that prescribed fire has for
managing the native plant communities at the Site.  The potential for a catastrophic wildfire at that location
was reduced through the removal of plant litter on the prairie without substantially increasing the potential
for wind or water erosion.  The fire also released nutrients tied-up in the plant litter back to the soil, thus
enhancing nutrient cycling and stimulating plant growth.  Species richness and native species cover
increased as a result of the burn and at least in the short-term, the species composition shifted from a cool-
season dominated community to a warm-season dominated one, albeit for only one year.  Properly timed
and used when environmental conditions such as moisture are appropriate, prescribed fire could be used on
the xeric tallgrass prairie to reduce the dominance and abundance of the non-native, cool-season species
like Canada bluegrass (Poa compressa) and Kentucky bluegrass (Poa pratensis) and enhance conditions for
native, warm-season species.  Prescribed burns should be used as part of the long-term resource
management for the plant communities at the Site

Summary

The Site contains a unique biodiversity in a region where much of the native diversity is rapidly being lost
to urbanization.  Passage of a recent federal law that will make the Site a U.S. Fish and Wildlife National
Wildlife Refuge after cleanup and closure will help ensure the long-term preservation of the natural
resources at the Site.  Monitoring in 2001 continues to substantiate the significant ecological resources that
exist at the Site.  A number of rare plant species and plant communities are present at the Site.  Results
however, also continue to underscore some of the issues that threaten the quality and long-term
sustainability of the Site’s ecological resources.  These threats come primarily from noxious weeds, human
disturbances, and plant litter build-up, the latter of which has resulted from an absence of fire and/or
grazing over the past several decades.  The data indicate however that, beneath the sometimes visually
weed dominated appearance at some locations, the native plant communities are still present and viable.
Management actions taken in recent years, including weed control and a small prescribed burn, have
improved the condition of the plant communities at many locations across the Site.  Continued proactive
management of these native communities is necessary if these communities are to survive over the long-
term and maintain their ecological value.

One of the big challenges facing a resource management program at the Site is that only a limited selection
of management tools are currently available for use due to Site policies.  Currently the only practical,
significant tool for management is weed control.  Although this incorporates several techniques in itself;
including administrative, mechanical, biological, and chemical controls, it must be noted that weed control
alone is not a long-term solution for effective management of the plant communities at the Site.  Long-term
control of noxious weeds (the greatest current threat to the communities) will ultimately depend on
restoring the natural processes (i.e., fire and grazing) that originally kept the ecosystem healthy.  Most
noxious weeds invade ecosystems because of disturbance, degradation, or changes in the natural system
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that alters resource availability, thus making the community more prone to invasions.  Reliance on control
of invasive plants alone often opens up space (niches) in the community for the establishment of other
undesirable plants, if desired native species are not available or able to fill these spaces.  By concentrating
solely on controlling the problem species, without restoration of the natural processes needed to maintain a
healthy ecosystem, we only treat the symptoms of the problem and not the cause.  A more comprehensive,
ecosystem approach to resource management must incorporate management techniques to restore natural
processes, in addition to species-specific weed control.  A goal must be to improve and enhance
environmental conditions such that the desired native prairie species are healthy and able to compete with
the noxious weeds.  The lack of fire and/or grazing over much of the Site for the past 50 years combined
with overgrazing that occurred before that, has left the native plant communities stressed and less vigorous.
These conditions predispose the Site for many of the noxious weed problems it is currently facing.  In
addition, building evidence suggests that anthropogenic atmospheric nitrogen deposition from urban,
agricultural, and industrial sources may be altering soil conditions away from conditions that previously
existed.  This alteration of soil conditions may also impact the native plant communities.

Thus challenges exist for resource management on many fronts and the practical implementation of
mangement techniques remains a key hurdle at the Site.  It should also be noted that the current conditions
at the Site have not occurred overnight, nor will the solution be achieved overnight.  A long-term
commitment to sustainable resource management will be needed.

Over the past few years DOE has made strides in implementing a more proactive resource management
program.  The use of administrative, mechanical, biocontrol, and chemical controls have helped reduce
noxious weed abundance across the Site.  A small prescribed fire demonstrated the utility of this tool for
grassland resource management at the Site.  Continuation of these techniques and implementation of others
should be explored.  As the Site is closed over the next few years and becomes a National Wildlife Refuge,
the USFWS will be developing long-term natural resource management plans.  The use of prescribed fire
and grazing are both highly recommended as tools for prairie management at the Site.  Implementation of
an adaptive, ecosystem approach to resource management will help sustain and preserve the valuable and
unique ecological resources of Rocky Flats for future generations to enjoy.
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1. 2001 High-Value Vegetation Surveys

1.1 Introduction

The Rocky Flats Environmental Technology Site (the Site) is located along the Front Range of Colorado in
an ecotonal position between the Great Plains and Rocky Mountains.  As a result it contains plant species
common to both physiographic regions.  Several plant communities have been identified by Site ecologists
and the Colorado Natural Heritage Program (CNHP) as containing significant or rare ecological resources
at both the local and regional scale (Kaiser-Hill [K-H] 1997a; CNHP 1994, 1995).  These high-value plant
communities, as they are called at the Site (xeric tallgrass prairie, tall upland shrubland, selected wetlands,
and Great Plains riparian woodland), have been selected for special qualitative monitoring to assess their
status, quality, and condition.  These qualitative surveys evaluate conditions at a community-wide scale
across the Site as a whole.  This qualitative information, coupled with other quantitative monitoring data
gathered at specific locations within the plant communities, provides important information at appropriate
scales for resource management.

Objectives of the high-value vegetation monitoring are to qualitatively:

• Assess the species richness of the plant communities

• Identify any rare plant populations, and document the locations and continued
presence of any rare plant populations

• Identify and document any infestations of noxious weeds

• Document the effectiveness of weed-control efforts

• Assess the impacts of disturbance on the plant communities

• Provide a general assessment of the overall status and quality of the plant
communities.

1.2 Methods

1.2.1 Species Richness Inventory

As part of the rotating schedule for monitoring high-value vegetation communities on the Site, the xeric
tallgrass prairie community was monitored in 2001.  Species richness was inventoried in each of the 12
xeric tallgrass prairie management units (Figure 1-1).  Inventories were conducted by traversing each
management unit twice during the growing season (spring and late summer) and recording all vascular
plant species observed.  Attempts were made to visit, as completely as possible, all areas and microhabitats
that occur within each management unit.

1.2.2 Weed Mapping

Sitewide weed mapping continued for selected species as a means of identifying high-priority treatment
areas, monitoring the distribution of specific noxious weed species, discovering new weed species (if any),
and tracking the effectiveness of weed control.  Weed mapping was conducted on foot during the high-
value vegetation surveys and from a vehicle using binoculars for the remainder of the Site.  Species were
mapped during their respective flowering periods and/or when they were most visible.  The species mapped
in 2001 included diffuse knapweed (Centaurea diffusa), musk thistle (Carduus nutans), common mullein
(Verbascum thapsus), Russian knapweed (Centaurea repens), annual rye (Secale cereale), Scotch thistle
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(Onopordum acanthium), Dame’s rocket (Hesperis matronalis), bouncing bet (Saponaria officinalis), and
jointed goatgrass (Aegilops cylindrica).  Mapping was also done and is reported for small infestations of
several other species that underwent control efforts in 2001.  Canada thistle (Cirsium arvense) was not
mapped, because it is common throughout most of the wetlands and riparian corridors on the Site, and
therefore, the wetlands map would provide a good indication of the infested areas.  Dalmatian toadflax
(Linaria dalmatica) was not mapped in 2001 because continued effects of past herbicide treatments and a
late-spring frost top-killed most of the plants at the Site, and prevented any consistent flowering needed for
effective mapping.

Infestation areas of the three dominant noxious weeds that were mapped (diffuse knapweed, musk thistle,
and mullein) were classified into general density categories of high, medium, low, and scattered, based on a
subjective interpretation of the extent, visual density, need for control, and aggressive nature of the species.
The other species were mapped for presence/absence.  In general, a high-density category indicated that an
area that was dominated by a nearly solid infestation and/or very high cover of the species.  A medium-
density category was used where the infestation provided less cover and was less homogeneous in the
distribution of the species.  The low-density category was used where individuals of the species were
present in fewer numbers and were not visually dominating the landscape, but were beginning to establish a
foothold in the community and were in need of control.  The scattered-density category was used only in a
few cases and indicated a sporadic occurrence of the species.

The noxious weed populations and distributions for the four dominant species mapped were drawn in the
field on 44- × 34-inch sitewide base maps.  The distributions of the other species were drawn on 11- ×
17-inch sitewide base maps.  With regard to the resulting maps, it should be noted that the boundaries
shown on the maps are only approximate and are based on professional judgement.  They should not be
interpreted as a precise outline of the distribution of these species, because no surveying or global
positioning system (GPS) equipment was used to locate boundary edges, nor do the maps necessarily
represent every location of the species on the Site.  Attempts were made to visit the entire Site, but some
infestations may still have been missed.

1.2.3 Photographic Documentation

Photographs were taken at all the permanent photo points in the Buffer Zone during the summer of 2001 to
document changes since the photographs were last taken in 1999, and show any changes resulting from
resource management actions.  Photographs were taken from established photo points in the same compass
directions as past photographs.  Photographs were then compared to those taken previously.  Time-series
photographs can be viewed in Appendices on the CD-ROM.

1.2.4 Qualitative Habitat Assessments

Qualitative habitat assessments were made in all of the high-value vegetation community management
units on the Site during 2001.  Assessment objectives dealt primarily with habitat loss, threats to the plant
community, weed issues, rare plant species, dominant plant species health in the community, and general
community quality.  Attempts were also made to revisit populations of CNHP-listed plant species of special
concern that are known to occur on the Site.  These species include the mountain-loving sedge (Carex
oreocharis), forktip three-awn (Aristida basiramea), dwarf wild indigo (Amorpha nana), and carrionflower
greenbriar (Smilax herbacea var. lasioneuron).  Population locations were mapped originally during the
1997 field season.  Most locations have been revisited annually to confirm the continued presence of these
species on the Site and to evaluate any concerns about them.  Further details on the methods used are found
in the document High-Value Vegetation Survey Plan for the Rocky Flats Environmental Technology Site
(K-H 1997b), the Environmental Management Department Operating Procedures Manual (DOE 1995),
and 2001  Ecological Field Sampling Plans for the Rocky Flats Environmental Technology Site (K-H
2001a).
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1.3 Results and Discussion

1.3.1 Site Flora

As a result of the 2001 fieldwork, a total of 8 new records of vascular plant species are reported for the Site.
Plant nomenclature follows that of GPFA (1986), Weber (1976), and Weber (1990), in that order of
determination.  The new plant species reported for the Site are:

Andropogon saccharoides Sw. var. torreyanus (Steud.) Hack. Silver Bluestem
Aster campestris Nutt. Meadow Aster
Cleome serrulata Pursh Rocky Mountain Beeplant
Eragrostis minor Host Little Lovegrass
Eragrostis trichodes (Nutt.) Wood. Sand Lovegrass
Lycurus phleoides H.B.K. Wolftail
Physalis pumila Nutt. ssp. hispida  (Waterfall) Hinton Prairie Ground Cherry
Triodanis perfoliata (L.) Nieuw. Venus Looking Glass

None of the new species recorded on Site in 2001 are rare species or Colorado State-listed noxious weeds.
The addition of these new species brings the total number of plant species known to occur at the Site to
600.  The complete list of plant species known to occur at Rocky Flats as of the end of the 2001 field
season is found in Appendices on the CD-ROM at the end of the report.  In general, the flora of the Site is
extremely rich for an area of its size, due to the proximity of the mountain front and the mixing of the Great
Plains and mountain species.

In fall 2001, the Site herbarium (containing the plant voucher specimens of all species known to occur at
the Site) was transferred as a donation by the U.S. Department of Energy (DOE) and Kaiser-Hill to the
University of Colorado Herbarium (COLO) in Boulder, Colorado.  Placement of the herbarium collection
at COLO provides a permanent home for the plant collections documenting the flora of Rocky Flats which
are important for both their biological and historical value.  In addition, it makes the Site collection
available to researchers, students, and the public, while still providing accessibility for future studies at the
Site.

1.3.2 Xeric Tallgrass Prairie

A total of 292 plant species were recorded on the xeric tallgrass prairie at the Site during 2001 (Table 1-1).
Of these, 79 percent were native species.  This compares to 295 species recorded 1998 and 274 in 1997,
with 81 percent and 79 percent native, respectively in those years.  For comparison to past years’ results, a
Sorensen similarity index (Brower and Zar 1977) was conducted, using presence/absence data.
Comparisons between all combinations of years yielded values ranging from 0.85 to 0.87, indicating a very
high floristic similarity between years, as would be expected.  Examination of the species lists from all
three years shows no substantial difference in the inventory results (Table 1-1).  The different species
observed during the different years are mostly a result of the slight differences in routes used to traverse the
management units and of the natural variability in abundance of individual species.  Nothing in the species
lists stood out as a potential management concern.

The xeric tallgrass prairie has been identified as a rare plant community in Colorado and North America
(CNHP, 1994, 1995) and its presence at the Site is a significant ecological resource.  This community is
thought to be a relict plant community that has remained in a narrow band along the base of the mountains
since the last ice age (Weber 1990).  While the ecological value of the community remains very high,
qualitative habitat assessment data on the xeric tallgrass prairie from 2001 continues to reveal many of the
same concerns reported previously (K-H 1998, 1999, 2000, 2001b).  Plant litter buildup resulting from the
lack of fire and/or grazing on the prairie continues to be a problem.  The small 48-acre prescribed fire
conducted in spring 2000 along with several wildfires in recent years have shown that substantial reduction
in litter amounts and improved condition for the native species occurs when this natural process is restored.
The increasing occurrence of wildfires in the Buffer Zone attests to the higher fuel loads caused by years of
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litter accumulation.  Noxious weeds also continue to be a problem at various locations.  The most
significant problem species on the xeric tallgrass prairie are diffuse knapweed, Dalmatian toadflax, musk
thistle, and annual rye.  Others that have potential to become more problematic include common mullein
and jointed goatgrass.  Herbicide applications have helped control many of these infestations.  Compared to
four or five years ago the prairie’s appearance has been improved, with far fewer of these species present.
Unfortunately, after three or four years many of the undesirable species begin to return, as the residual
effect of the herbicide wears off, requiring additional treatment.  As part of an integration with other weed
control methods, several hundred biocontrol insects were released at the Site (to compliment those already
present) to provide additional control of noxious weeds and try to lessen the long-term dependence on
chemical control efforts (for more information on the vegetation management conducted in 2001 see
chapter 3 of this annual report).

It should be noted however, that weed control alone is not a long-term solution for management of the xeric
tallgrass prairie or other plant communities at the Site.  Long-term control of these noxious weeds will
ultimately depend on restoring the natural processes (i.e., fire, grazing) that originally kept the ecosystem
healthy.  Most noxious weeds invade ecosystems because of disturbance, degradation, or changes in the
natural system that alters resource availability thus making the community more prone to invasions (Davis
et al. 2000).  Control of invasive plants often opens up space (niches) in the community for the
establishment of other undesirable plants if desired native species are not available or able to quickly fill
these spaces.  By concentrating solely on controlling the problem species without restoration of the natural
processes needed to maintain a healthy ecosystem, we only treat the symptoms of the problem and not the
cause.  A more comprehensive, ecosystem approach to resource management must incorporate
management techniques to restore natural processes, in addition to specific species weed control.  A goal
must be to improve and enhance environmental conditions such that the desired native prairie species are
healthy and able to compete with the noxious weeds.  The lack of prescribed fire and/or grazing over much
of the Site for the past 50 years combined with overgrazing that occurred before that has left the native
plant communities stressed and less vigorous, all suitable conditions for the noxious weed invasions
currently in process.  While a small 48 acre prescribed burn was conducted in spring of 2000, for all
practical purposes, neither prescribed fire nor grazing, both crucial processes necessary for grassland health
and management, are currently used for resource management.  As a result, the native plant communities at
the Site remain stressed and unable to compete as effectively with the invading noxious weeds.

As the Site is closed over the next few years and becomes a National Wildlife Refuge, the USFWS will be
developing long-term natural resource management plans.  The use of prescribed fire and grazing are both
highly recommended as tools for prairie management at the Site.  These are likely to be instituted by the
USFWS as the natural resource management responsibility shifts to them during the closure process.

1.3.3 Rare-Plant Monitoring

Four plant species that occur at the Site are listed as rare and imperiled in Colorado by the Colorado
Natural Heritage Program (CNHP 1999).  The presence of these species underscores the significance of the
natural resources found at the Site and its value in the regional landscape.  Although none of them have any
legal protection under state or federal law, they are protected at the Site and projects are conducted to
minimize potential impacts.  On-Site populations of mountain-loving sedge, forktip three-awn,
carrionflower greenbriar, and dwarf wild indigo were revisited during 2001.  All four species were
observed in vegetative, flowering, and fruiting condition in 2001.  All known locations where the species
have been observed at the Site from 1997 through 2001 are shown in Figure 1-2.

Over the past several years qualitative observations of the only known location of forktip three-awn at the
Site have shown that the open, gravelly substrate that the species grows on has begun to fill in with other
species of plants, slowly eliminating habitat for the species.  During fall 2001, an attempt was begun to try
and establish some new populations of forktip three-awn at the Site.  In October 2001, approximately 200
seeds were collected from mature, adult plants for seeding at a new location.  On arrival at the new location
in the west-central Buffer Zone where the seeds were going to be sown, it was discovered that hundreds of
forktip three-awn plants were already growing at the location (Figures 1-3 and 1-4).  Another location with
similar habitat was chosen in the south Buffer Zone, where no forktip three-awn plants were found, and the
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seeds were sown by broadcasting in two – one meter square plots (approximately 100 seeds per plot,
Figure 1-5).  Monitoring will be conducted in fall 2002 to see whether any of the seeds germinated and
produced adult plants.

Based on the discovery of a new population of this rare species at the Site, further searches of similar
habitat in the Buffer Zone were made and several additional locations of the species were found
(Figure 1-6).  The new locations of forktip three-awn have more than doubled the area where the species is
known to occur at the Site.  Statewide, the species is only known to occur from three other localities
besides Rocky Flats.  These locations include areas near White Rocks in Boulder County, at Ken Caryl
Ranch in Jefferson County, and in a canyon southwest of Ft. Collins in Larimer County.  So the additional
locations at the Site increase the known occurrence of this species in the State substantially.

The forktip three-awn at the Site is typically found in areas where surface disturbances have scraped off the
vegetation leaving weathered, brown (oxidized), native gravels (0.5 – 7cm in size) for substrate.  The
gravel surfaces have a similar appearance to “desert pavement”, common in the desert southwest.  The
original location where the species was found on Site occurs along the railroad tracks where disturbance
had left a gravelly surface (Figure 1-6).  The largest new population (Figure 1-6) occurs at a location that
was used as a borrow area in the 1970’s and early 1980’s, and has a gravelly surface.  In the mid-1980’s the
area was seeded with switchgrass (Panicum virgatum) which now grows sporadically across the area.  At
other locations common plants growing in conjunction with the forktip three-awn include: little bluestem
(Andropogon scoparius), Canada bluegrass (Poa compressa), rough dropseed (Sporobolus asper), Porter’s
aster (Aster porteri), soft goldenrod (Solidago mollis), and western ragweed (Ambrosia psilostachya).
Generally the vegetation is sparse on the gravels where the forktip three-awn grows.  If the density of the
vegetation gets too great, as in places where Canada bluegrass has taken over the gravel and produced a
litter layer, the three-awn does not seem to grow at these locations.  Only in one case along the edge of a
graded Buffer Zone road was the species found growing on light-colored roadbase gravel, otherwise it was
always on the native, weathered gravel.

1.3.4 Revegetation and Plant Community Disturbance in 2001

During 2001, only two small projects disturbed the native plant communities in the Buffer Zone
(Figure 1-7).  Both were less than an acre in size and at each location, native seed will be planted to restore
the native plant community and help prevent weed infestations.  In 1999, several large projects disturbed
the native plant communities at different locations in the Buffer Zone.  The locations and photographs of
these disturbances were documented in the 1999 and 2000 Annual Vegetation Report for the Rocky Flats
Environmental Technology Site (K-H 2000, 2001b).  Photographs from 1999, 2000, and 2001, and maps of
the project areas and revegetation efforts are found in the Appendices on the CD-ROM (end of report).

During the winter of 2000-2001, high winds deposited several inches of sand in an area on the xeric
tallgrass prairie in the northwest Buffer Zone (Figure 1-8).  The material originated from the gravel mine,
not operated by K-H or DOE, in the northwest corner of the Site.  In late May 2001, when the deposition
was discovered, most of the existing native vegetation in the area had been buried.  Only Canada bluegrass,
white sage (Artemesia ludoviciana), and some junegrass (Koleria pyrimidata) were still surviving where
deposition was less deep.  Otherwise the area was mostly sand (Figures 1-9).  By late summer, the area was
covered with annual weedy species (Figure 1-10).  Much of the area was dominated by common sunflower
(Helianthus annuus), a native species that often comes in after disturbance.  Other species that established
however, included noxious weeds such as diffuse knapweed, Russian thistle (Salsola iberica), and kochia
(Kochia scoparius), all of which will need to be controlled in the area now.  By late September, although
most of the area was still dominated by the annual forbs mentioned above there was some recovery of big
bluestem, white sage, and some stiff sunflower (Helianthus rigidus; all native species).  It will remain to be
seen, however, whether the xeric tallgrass prairie can recover.  Reseeding of the area and weed control may
be required to re-establish the native cover if it does not return on its own, and to prevent the area from
becoming a solid infestation of noxious weeds.

In September, monitoring was conducted in the sand deposition area using a grid layout to measure the
depth of the deposition across the area.  A total area of approximately 4.5 hectares (11 acres) was measured
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and had deposition on it.  The deposition depths ranged from under 1cm to 21cm (< 1 in. to >8 in.;
Figure 1-8).  Away from the area of deepest deposition that occurred in 2001, general observations suggest
that deposition has been occurring over the past several years and has not substantially impacted or altered
the plant community since most species in these areas were native, appeared healthy, and were doing fine.
It is apparent however, from the depths at these locations (generally < 5cm [< 2 in.] total) that deposition
occurred gradually over a longer timeframe.  Thus how deposition of four times that amount, that occurred
in a single season, will affect the prairie community and its ability to recover, will be monitored during the
next few years.

This event and its impact on the xeric tallgrass prairie illustrates, and brings to the forefront yet another
factor that creates disturbance on the landscape and further increases degradation of the native plant
communities at the Site.  The mine company should be contacted and notified that the problem must be
remedied.  This may be a violation of their mining permit to have material moving off their site in these
quantities.  From a resource management standpoint at the Site, however, the issue is likely to continue and
become a greater concern in the future as the mine continues to expand its operation to the south.  During
2001, the mine expanded several hundred feet to the south along the western edge of the Buffer Zone.
Even larger sand piles than those present in 2000 were being created in the late summer of 2001.  With the
high winter winds that buffet the Site from the northwest each winter, it is likely that other downwind areas
adjacent to the new sand piles will receive some deposition during the 2001-2002 winter.  In order to
document any potential impacts, a set of photo monitoring plots were established on the xeric tallgrass
prairie in the fall of 2001, downwind of the new sand piles.  Landscape photographs as well as quadrat
photographs looking at the ground surface were taken to show pre-deposition conditions should any
problems arise in winter 2001-2002.

1.3.5 Weed Mapping

The 2001 weed distribution maps for diffuse knapweed, musk thistle, and common mullein are shown in
Figures 1-11 through 1-13, respectively.  Several additional species—annual rye, Russian knapweed,
Scotch thistle, dame’s rocket, bouncing bet, and jointed goatgrass—were mapped in 2000 because of their
aggressive nature and their recent appearance at various locations on the Site.  The distributions of these
species are shown in Figures 1-14 and 1-15.  Small infestations of several other weed species where weed
control was conducted in 2001 are also shown on Figure 1-14.  After being entered into the Site Geographic
Information System (GIS), the overall extent of these species across the Site was estimated by species and
by infestation level.  Table 1-2 contains the estimated total acreage and acreage-by-density category for
each of the listed species, based on the 2001 maps.  The noxious weed species with the greatest extent on
the Site were diffuse knapweed (1,957 acres), common mullein (1,357 acres), and musk thistle (869 acres).
The total acreage of the Site is approximately 6,500 acres (K-H 1997c).  The total numbers of acres for
annual rye, Russian knapweed, Scotch thistle, dame’s rocket, bouncing bet, and jointed goatgrass are also
shown in Table 1-2.  It should be noted that all these acreages are only approximate and should not be
interpreted as exact areas.  These values are also only representative of known locations for these species.
It is possible that unmapped infestations are present as well.

Table 1-3 shows the annual total infested acreages for diffuse knapweed, musk thistle, and common
mullein from 1997 to 2001.  Most of the large increases in infestation acreages from 1997 to 1998 were a
result of the time of year in which mapping was conducted.  Mapping in 1997 was conducted in August for
each of the species.  Beginning in 1998, weed mapping was conducted for each species when that species
was in flower and/or most visible.  Therefore, the higher visibility of the species at the time of mapping
allowed more accurate estimates of their infestation levels from 1998 through 2001, and thus resulted in
higher acreages.

Since 1998, the total Site acreage infested by diffuse knapweed has decreased annually, largely due to the
aerial herbicide applications conducted in 1999, 2000, and 2001.  During 2001, over 1,100 acres were
treated with Transline and Tordon22K using both ground and aerial applications.  The Site currently has
approximately 1,000 acres less of diffuse knapweed than was present in 1998 and the high density
classification is the lowest it has been since the aerial applications began.  So the spraying program at the
Site has been very successful.  At some locations sprayed in 1999, however, gradual return of diffuse
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knapweed has begun and future control will again be required.  At other locations, primarily along the
stream drainages the infestations have continued to increase through time because no chemical treatments
have been done due to the close proximity of riparian vegetation and Preble’s mouse habitat.  Examination
of the 2001 diffuse knapweed map (Figure 1-11) shows that many of the high density infestations occur
near the drainage bottoms.  In 2001, several hundred biocontrol insects (Larinus minutus and Sphenoptera
jugoslavica) were released in the drainages at the Site to begin to attempt to control the dense infestations
present at these locations.  Other biocontrol insects for diffuse knapweed, such as Urophora  sp. and
Cyphocleonus achates already occur at the Site from previous on-site releases and off-site immigration.
Monitoring of the release locations in the future will help determine whether the species establish and begin
to have an impact on these infestations.  If the species can be shown reduce population levels in the
drainages, it may be feasible to allow them to spread (and introduce them) to the upper hillsides and
pediment tops and control the diffuse knapweed at these locations as well, thus reducing the dependence on
herbicide applications.  (Additional information on biocontrol releases and monitoring results are described
in chapters 3 and 6 of this annual report).

Both musk thistle and common mullein showed an increase in the total number of acres infested at the Site
in 2001 compared to 2000 values (Table 1-3).  For both species the increases were largely in the scattered
and low density classifications.  The increases in musk thistle are largely attributable to the return of plants
in areas that had previously been sprayed.  Similar reasoning also applies to some of the common mullein
increases, but interestingly the number of acres infested by common mullein have continued to increase
since 1997.  The differences in acreage from 1997 to 1998 are attributable largely to methodology changes
(as mentioned above).  But increases have continued consistently from 1998 to 2001, with only a slight
leveling off from 1999 to 2000.  All of the increase in common mullein has been in the scattered and low
classifications (Table 1-3), so it is not as though these areas are now dominated by common mullein, but in
some instances it has begun to appear in areas where it was not previously present (Figures 1-13 and 1-16).
It is also interesting that at many of the locations the increases have occurred during the timeframe when
aerial herbicide applications have been applied (1999 through 2001).  At some locations in 1998, prior to
spraying, no common mullein was observed and yet mullein have begun to show up in these areas now.
One possible explanation for this is that sometimes when a native ecosystem is in stressed or degraded
condition and weed control is done for a certain species or group of species, if the native species in the
community cannot respond and fill in the gaps left vacant by the target species, other weeds will simply
take their place.  This may be what is occurring at some locations on the xeric tallgrass prairie.  If correct,
this provides further support for the need to employ management techniques such as fire and grazing to
help reverse the current stressed condition of the prairie and enhance environmental conditions for the
desired native plants.  Continued monitoring in 2002 will help evaluate the common mullein situation.

In general, the applications of Transline and Tordon22K for control of diffuse knapweed and other
noxious weed species has been beneficial and generally improved the quality and appearance of the Site’s
grasslands.  Mapping data have shown substantial reductions in the amounts of diffuse knapweed and musk
thistle at the Site since 1998.  (For quantitative results from both aerial and ground-based applications see
other chapters 3, 4, and 5 in this report and past Annual Vegetation Reports for the Rocky Flats
Environmental Technology Site [K-H, 1998, 1999, 2000, 2001b]).

1.4 Conclusions

Qualitative monitoring of the high-value plant communities during 2001 revealed both positive and
negative findings.  Floristically, the xeric tallgrass prairie remains diverse and has not changed substantially
since monitoring began.  It remains a significant, rare natural resource at the Site and regionally.  No new
species of noxious weeds were found at the Site during 2001.  The rare and imperiled plant species
populations (as listed by the CNHP) at the Site appear to be healthy; all four rare species were observed in
vegetative and flowering condition during 2001.  Several new populations of forktip three-awn were
discovered in the Buffer Zone at the Site.  An attempt to transplant the forktip three-awn grass in new
suitable habitat was also initiated to expand the range of this rare species at the Site.  As a whole, the
ecological resources of the Site remain of high quality and comprise a significant component of the larger
surrounding regional ecosystem, however several management concerns remain.
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The threat from noxious weeds continues to be a high management priority.  Several noxious weed species
continue to degrade the quality of the plant communities at the Site.  Diffuse knapweed, Dalmatian
toadflax, musk thistle, common mullein, and Canada thistle are the most significant noxious weed
problems.  Substantial declines in the total number of acres currently infested by diffuse knapweed and
musk thistle have been made since 1998.  However, the scale of these infestations at the Site continue to
challenge control efforts for the long-term.  Other smaller infestations of newly discovered or recently
invaded species like bouncing bet, Scotch thistle, Russian thistle, dame's rocket, and others continue to be
controlled with the goal of eradication.  In addition to herbicide applications in 2001, several hundred
biocontrol insects were released at the Site to help control several different noxious weed species.

Efforts continued to preserve and improve the quality of the natural resources at the Site.  The value of the
Site’s ecological resources in the larger regional context has played an important role in the passage of a
Congressional bill that will make the Site a National Wildlife Refuge after cleanup and closure.  Efforts to
integrate more of a comprehensive, ecosystem approach to resource management must be continued to
restore natural processes if long-term sustainability of the native communities is to be achieved.  Recent
efforts have focused substantively on the noxious weeds themselves, without addressing the underlying
conditions that have lead to the stressed condition of the native communities and contributed to the large-
scale weed invasions.  The use of prescribed fire and grazing are both crucial processes necessary for
grassland health and management.  As long-term management plans are developed for the National
Wildlife Refuge the use of these and other resource management tools should be included to provide the
best chance for long-term sustainability of the ecosystems at the Site.
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2. 2001 Xeric Mixed Grassland Monitoring Summary

2.1 Purpose

Monitoring is an integral part of determining whether the management objectives and goals for the plant
communities at Rocky Flats Environmental Technology Site (the Site) are being achieved (K-H 1997a,b).
Consistent with this goal, long-term quantitative monitoring is necessary to determine whether changes are
taking place in the plant communities that would otherwise go undetected through the use of broader-scale
qualitative monitoring techniques.  During 2001, three permanent monitoring sites (TR01, TR06, and
TR12) on the xeric mixed grassland at the Site were monitored.  Data were compared to past monitoring
efforts.

2.2 Background Information

The plant communities monitored at the Site from 1993 through 1995 were organized along a soil moisture
(hydrologic) gradient that ranged from xeric (dry) to mesic (moderate moisture) to hydric (wet).  This
followed the plant community classification that was outlined in the baseline study (DOE 1992), which
identified xeric (xeric mixed grassland), mesic (mesic mixed grassland), hydric (riparian community), in
addition to reclaimed (reclaimed grassland – classified as analagous to mesic on the moisture gradient)
communities at the Site.  Since 1995, the xeric mixed grassland sites (TR01, TR06, and TR12; Figure 2-1)
have been monitored on a three year rotating schedule.  Monitoring was conducted at all three sites in 1998,
however, TR01 was also monitored in 1999 and 2000, as a control area for the prescribed burn conducted
in spring 2000.  In June 1997, TR12 was treated with Tordon22K, using ground equipment to control the
noxious weed diffuse knapweed (Centaurea diffusa).  Since the last complete monitoring effort in 1998, all
three sites have been treated by helicopter with Tordon22K for additional control of diffuse knapweed.
All application rates were one pint/acre of Tordon22K.  Sites TR01 and TR12 (retreatment) were sprayed
in May 1999 and TR06 was treated in May 2000.

2.3 Methods

During 2001, the xeric mixed grassland sites, TR01, TR06, and TR12 (Figure 2-1), were monitored for
species richness, cover, and frequency.  The sampling methods and procedures used at these sites during
2001 were the same as those used in 1993–1995, 1998–2000, with the addition of a measure for species
frequency which was added in 1998.  Fifteen 50-m transects (five at each site) were monitored in 2001.
Transects were sampled in the spring and again in late summer.  During 1999, when sampling was
conducted at TR01, only late summer data was collected.  Otherwise species richness and frequency were
monitored during both sampling sessions.  Cover was sampled only during the late-summer session.
Species richness was determined in a 2-m-wide belt centered along the length of each 50-m transect.  Every
plant species rooted within the 100-m2 area was recorded.  In addition, the numbers of woody plant stems
and cactus stems were counted and recorded for the 100-m2 area during the spring sample session only.

Basal cover and foliar cover were estimated using a point-intercept method along each 50-m transect.  A
2-m-long, 6-mm-diameter rod was dropped vertically at 50-cm intervals along the transect to record a total
of 100 intercept points.  Two categories of hits were recorded, basal and foliar.  Basal cover hits were
recorded based on what material was hit by the rod at the ground surface.  Hits could be vegetation (live
plants), litter (fallen dead material), rock (pebbles and cobbles greater than the rod diameter), bare ground,
or water, in that order of priority based on the protection from erosion provided by each type of cover.
Basal vegetation hits were recorded by species only if the rod was touching the stem or crown of the plant
where the plant entered the ground.  Foliar vegetation hits (defined as a portion of a plant touching the rod)
were recorded by species in three categories as defined by height and growth form.  The topmost hit of
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each growth form was recorded.  The growth forms measured were herbaceous, woody <2 m in height, and
woody >2 m in height.

Frequency information by species was gathered by randomly locating 25 1-m2 quadrats (five per transect)
at each site.  Additionally, a single photograph was taken of each transect during the late summer sampling
session to visually document the condition of the transect.  Photographs were taken from near the 0-m end
of the transect near the permanent marker, looking toward the 50-m endpoint.  A placard was placed in the
photograph against the 0-m endpoint to provide the site and transect number, and date.

For more detailed information on these methods see, the Ecological Monitoring Program, Final Program
Plan (DOE 1993), the Environmental Management Operating Procedures Manual, Volume V, Ecology, 5-
51200-OPS-EE (DOE 1995a), and the 1999, 2000, and 2001 Ecological Field Monitoring Plans for the
Rocky Flats Environmental Technology Site (K-H 1999a, 2000a, 2001a).

Species richness data were summarized by generating a species list for each site.  Belt-transect data, point-
intercept data, and quadrat data were combined to provide overall species richness for each site.  Other
species richness variables were calculated from the species lists and used for comparison.  Foliar cover data
are reported as absolute cover, and relative cover for each species encountered.  Absolute foliar cover was
the percentage of the number of hits on a species out of the total number of hits possible at a site (500).
This value is the actual cover of a species.  Relative foliar cover was the number of hits a species had
relative to the total number of vegetative hits recorded per site (i.e., the percent of total vegetative cover
[100 percent] represented by the species).  Both absolute and relative foliar cover values are presented as
means (n=5).  A Shannon-Weaver diversity index was used to calculate diversity and was conducted using
the relative foliar cover data (Brower and Zar 1977).  Frequency based on quadrats (n=25) was defined as
the number of quadrats in which a species was recorded, divided by 25 (the total number of quadrats
possible), and multiplied by 100.  Descriptive comparisons between the 1993–2001 data sets were
conducted to examine potential changes over time.  A detrended correspondence analysis (DCA; PC-ORD
1999) ordination technique was used to evaluate the relationships between TR01, TR06, and TR12 for each
sampling session based on species cover.

2.4 Results and Discussion

A total of 124 species were recorded at all three xeric mixed grassland sites monitored in 2001.  Species
richness data are found in Table 2-1.  The number of species found at each site varied from 81 (TR06) to 85
(TR12).  The percentage of native species found across all sites combined was 82 percent, with individual
sites ranging from 80 to 81 percent.  Total species richness in 2001 was within the range of past
measurements at all three sites.  Richness was highest across all three sites in 1994 and 1995, with the
exception of TR12 when it was high only in 1994.  The highest values in 1995 were largely attributed to the
high precipitation amounts received that year (Figure 2-2).  The lower richness totals in 1993 are best
attributed to sampling bias, because different personnel conducted the surveys in that year compared to
most of the years since.  An important observation is that no substantial changes (declines) in species
richness occurred at any of the sites as a result of herbicide applications that have been applied at each site.
Tordon22K was applied in 1997 and 1999 at TR12, in 1999 at TR01, and in 2000 at TR06.  This is in
agreement with other studies at the site that have shown a similar species richness response to herbicide
applications (K-H 1998, 1999b, 2000b, 2001b).

Species diversity (Shannon-Weaver diversity index) analysis results for 1993 through 2001 are shown in
Figure 2-3.  Diversity was highest at TR01 (1.166) and lowest at TR06 in 2001 (0.876).  Compared across
all years of available data, TR01 has always been the most diverse site, followed by TR12 and then TR06.
Annual variation at each site has fluctuated slightly, but shows no particular trends.  Thus both species
richness and species diversity continue to remain stable at these sites and have remained largely unchanged
by management actions.

Cactus and woody plant densities at all three sites for 2001 are shown in Table 2-2.  In 2001, overall cactus
density was highest at TR01 and TR12 (0.24 plants/m2).  Twistspine prickly pear (Opuntia macorhiza )
density was highest at TR12 in 2001 (0.08 plants/m2).  Hedgehog cactus (Echinocereus viridiflorus) density
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in 2001 was highest at TR01 (0.22 plants/m2).  Overall woody plant density in 2001 was highest at TR06
(0.318 plants/m2) and lowest at TR12, which had no wood plant density.  Most of the woody plant density
came from Spanish bayonet (Yucca glauca) at TR06.  Decreased density in twistspine prickly pear and
hedgehog cacti at TR01 and TR12 in 2001 compared to past years is most likely attributable to applications
of Tordon22K for controlling noxious weeds at these locations.  Similar decreases in cactus density have
been observed from another study at the Site that is evaluating impacts of Tordon22K on native prairie
species (see other sections of this annual report and past annual reports for results; K-H 1998, 1999b,
2000b, 2001b).  Interestingly though, the substantial declines in cactus density at TR01 and TR12 have not
been observed at TR06 where the same herbicide was applied in 2000.  In fact, hedgehog cacti have
actually increased in density since 1998 at TR06.

Foliar cover data are summarized in Table 2-3.  Total foliar cover did not vary substantially between sites
in 2001 (from 82.6 percent at TR01 to 83.6 percent at TR06 and TR12).  The 2001 total foliar cover
amounts were within the range of previously observed values from sampling efforts dating back to 1993.
Total absolute native cover was highest at TR01 (69.2 percent) and lowest at TR06 (52.4 percent).  Native
cover has consistently been higher at TR01 and TR12 compared to TR06 for all years of sampling.  Native
cover in 2001 was the lowest of any previous years at TR06 and TR12, however, given the year to year
variability in the datasets, it is likely that the values are within the normal natural variability of the
community.  Some of the is may be attributable the previous herbicide applications or to a late freeze that
occurred in May 2001 that caused freeze damage to may of the plant species on the prairie at the Site.
Future monitoring will evaluate any longer term trends and see if there is an increase in native cover.

Graminoid cover provided approximately 86 to 89 percent of the total relative vegetation cover at all three
sites in 2001.  At TR01, a general increase in total absolute graminoid cover has occurred since 1993 (46%-
71%).  The largest increase occurred in 1999 after the area was treated with Tordon22K.  Both native and
non-native graminoids have increased at TR01 during this time, but native graminoids accounted for the
most of the increase.  A similar overall increase in graminoid cover, though not as dramatic, also is shown
at TR12 (64%-74%).  However, at TR12 most of the increase came from non-native graminoids while
native graminoid cover remained relatively stable.  At TR06, total graminoid cover has fluctuated each year
but without any apparent trend during this time.  However, there has been a consistent decline of native
graminoid cover along with a concurrent increase in non-native graminoid cover at this location.  Much of
the non-native graminoid cover increase at TR06 is attributable to increases in Japanese brome (Bromus
japonicus).  The cool-season versus warm-season graminoid composition differs substantially between the
sites.  TR06 is almost completely dominated by cool season grasses (81.3 percent relative cover).  Over 50
percent of this is from the native species, needle-and-thread grass (Stipa comata).  Cool-season grasses also
provide more than half the total relative foliar cover at TR12, while at TR01, warm-season grasses
dominate the prairie.  Since 1993, both cool- and warm-season grasses have increased at TR01, with the
largest increases occurring after treatment with Tordon22K.

In general, one disconcerting observation across all three sites since 1993, is that there has been a general
increase (ranging from 6 to 16 percent absolute cover) in non-native graminoid cover.  Much of this is from
the non-native, cool-season graminoid species, Japanese brome, Canada bluegrass (Poa compressa), and
Kentucky bluegrass (Poa pratensis).  These increases represent a two to four-fold increase in cover of this
group of non-native species over the past eight years.  There are several potential reasons that might
explain this increase.  One is that it is simply a natural cyclic pattern for the grasslands with response to
varying climatic conditions.  Atmospheric nitrogen deposition is another potential cause.  In recent years
studies have begun to show that atmospheric nitrogen deposition is increasing nitrogen levels in soils
(Baron et al. 2000, Lee and Caporn 1998, SERG 2000).  Increased nitrogen levels have been shown to
increase weeds (broadleaf forbs) and cool-season graminoids over warm-season species (Gillen et al. 1987,
Rauzi 1979, Wight 1976, Morghan and Seastedt 1999).  It is possible this may be partially responsible for
the increase.  Another factor is the lack of grazing and prescribed fire on the grasslands at the Site.  These
two key processes are essential for maintaining ecosystem health and keeping native species vigorous and
healthy so they can better compete with non-native species.  The lack of these two processes at these
locations for over 25 years may be hindering the ability of the warm-season species to compete with the
cool-season species.  Properly timed prescribed fire could be used to help reverse this trend.  In any case,
continued monitoring will determine whether this trend persists.
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In 2001, forbs varied between 11 and 14 percent relative cover at the three sites.  All three sites showed a
general increase in forb cover from 1993 to 1995 when it peaked.  The peak in 1995 may have been due to
the above average annual precipitation received that year (Figure 2-2).  At TR01 and TR12, the large
declines of forb cover observed in 1999 and 1998 respectively, came after the sites were treated with
Tordon22K.  This was not an unexpected result because other studies, both on, and off-site have shown a
similar response (K-H 2001b, Rice and Toney 1996, Rice et al. 1997).  At TR01 forb cover in 2001 was
beginning to rebound, while at TR12 it continued to remain depressed.

Considerable variation existed among individual xeric grassland sites in terms of dominant species.  These
differences were first reported based on the 1994 data (DOE 1995b, 1997c).  In 2001 these differences are
still distinct.  In 2001, TR01 was dominated by the native species, mountain muhly (Muhlenbergia
montana) and big bluestem (Andropogon gerardii), and needle-and-thread grass.  At TR06, the dominant
species were needle-and-thread grass, a native species, and the two non-native species, Japanese brome and
Kentucky bluegrass.  At Site TR12, needle-and-thread grass, big bluestem, and sun sedge (Carex
heliophila), all native species, were dominant.  The dominant species at each site have generally remained
consistent at each of the sites since 1993, although their order of dominance has sometimes changed on an
annual basis.  It is not uncommon for species to show substantial variation in annual cover based on
responses to climatic conditions.  Examination of the individual species responses in Table 2-3 show this
for many species.  This is discussed below.

Species frequency results from the 1998 and 2001 quadrat data for both spring and summer sampling
sessions are found in Table 2-4.  Only two years of frequency data exist because frequency quadrats were
not added to the sampling methodology until 1998.  The species on the xeric mixed grassland that occurred
with 80 percent frequency or greater in 2001 were the native species, sun sedge, big bluestem, needle-and-
thread grass, dotted gayfeather (Liatrus punctata), mountain bladder-pod (Lesquerella montana), and blue
grama (Bouteloua gracilis), and the non-native species, Japanese brome and Dalmatian toadflax (Linaria
dalmatica).  The frequency of the noxious weed, diffuse knapweed, was reduced after spraying at TR01 in
1999, and continues to be largely suppressed.  At TR12, knapweed frequency is increasing however.
Dalmatian toadflax frequency was not substantially changed by the herbicide application applied at TR06
in 1999.  The cover response of toadflax is discussed below.

Individual species responses vary on an annual basis in response to temporal and spatial variations in
climatic conditions.  This makes trend analysis of short-term datasets challenging.   A comparative baseline
is not simply a single point value, but rather a range of variation that occurs over time in response to normal
climatic perturbations for a given locality.  This range of variability, in terms of cover or biomass, is
unknown for most species at a given location, unless long-term datasets have previously collected such
information.  So, in attempting to interpret trends with short-term datasets it is often unknown whether
changes observed are simply part of the normal annual fluctutations, or are real trends.  With this in mind,
Table 2-5 lists species, by site, which based on absolute cover which have shown different “trends” from
1993-2001.  To be included on the list, a minimum change of three percent cover from the minimum to
maximum must have occurred.  Four trend types were classified based on response patterns.  Increasers
were those species that showed an overall consistent increase in cover during the study period.  Decreasers
were those species that showed an overall consistent decrease in cover during the study period.  Those
species that showed a high to low to high cover response during the study period were designated HLH.
Those species that showed a low to high to low cover response during the study period were designated
LHL.

Of particular interest is the continued loss of little bluestem (Andropogon scoparius) cover at both TR01
and TR12 since 1993.  This was noted in the 1998 annual vegetation report (K-H 1999b), and the trend still
has not reversed substantially.  Why this is occurring at these locations is unknown because qualitative
observations at other locations in the Buffer Zone would seem to contradict this.  It is quite abundant at
these locations.  At TR06, the noxious weed, Dalmatian toadflax provided the second highest amount of
foliar cover from 1993 through 1998.  However, apparently as a result of the herbicide Tordon22K,
applied in 2000, Dalmatian toadflax cover dropped from 9.8 percent in 1998 to only 4 percent in 2001.
Although it makes sense to attribute the loss of toadflax cover to the herbicide, it must be stated tentatively,
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because no untreated control transects are available to determine what amount of change might be
attributed to natural causes.  But, it appears the Tordon22K application has reduced the overall cover of
this noxious weed at this location.  It certainly reduced the vigor and flowering of the species as can be seen
in the comparison photos in Figure 2-4.

A detrended correspondence analysis (DCA) ordination technique was used to summarize the multiple
years of data from the xeric mixed grassland community to reveal patterns (differences) between sites
through time based on species richness and abundance parameters (in this case species cover).  Results of a
DCA are projected onto two dimensions in such a way that samples most similar to one another are close
together, and samples most dissimilar from one another will appear farther apart (Gauch 1982).  Using
additional information on soils, habitat requirements of specific plant species, environmental gradients, and
other factors, ecological interpretation of the results may be conducted to explain the patterns revealed by
the analysis (Clark 2002).  DCA ordination results based on species cover at each site (where available) for
the years 1993, 1994, 1995, 1998 through 2001 is shown in Figure 2-5.  The ordination results show a clear
separation of the sites TR01, TR06, and TR12 along axis 1.  This separation along axis 1 is best explained
by the differences in species composition found at each site (discussed above).  This axis also reveals a
moisture gradient between the three sites.  Needle and thread grass, a species that prefers well drained,
lower soil moisture sites, increases in cover from TR01 to TR12 to TR06 (Table 2-3; FIES 2002).  Big
bluestem on the other hand a species that prefers moister conditions increases in cover the opposite
direction (Table 2-3; FIES 2002).  Additionally, Spanish bayonet, a species that prefers well drained
locations is only abundant at TR06 (Webber 1953).  Axis 2 is best explained as changes in community
composition over time at the three sites in response to climatic variation and management actions.  The
general trend over time is from top to bottom along axis 2 at each site.  A similar response through time is
seen at sites TR06 and TR12, both cool-season species dominated sites, although some small differences
exist.  In contrast, is TR01, a warm-season species dominated site, where initial responses were similar to
TR06 and TR12, until 1998.  Since then there has been a reversal in the composition trend at TR01 which
is not seen at either TR06 or TR12.  This may be due to the herbicide applications in 1999.  However, no
similar changes are shown in the data at sites TR06 (2000) and TR12 (1997 and 1999) after they were
treated with herbicides.  The lack of further abiotic data precludes more conclusive interpretation.

2.5 Conclusions

Monitoring in 2001 on the xeric mixed grassland revealed mixed results.  Differences in species
composition between sites TR01, TR06, and TR12 continue, as would be expected, with some minor
variations.  Species richness and diversity remain stable.  Herbicide applications for weed control at each
site have had shown varying responses.  Dalmatian toadflax cover at TR06 has declined, presumably as a
result of treatment with Tordon22K, where previously it had been one of the dominant species in the
community.  At sites TR01 and TR12 on the western edge of the Site, declines in forb cover have been
more pronounced than at TR06 near the eastern edge of the Site.  Some return of the depressed forb cover
has begun as of 2001 at these locations.  At all three locations however, an increase in non-native, cool-
season graminoid cover has been observed since 1993.  This could be attributed to a number of factors,
however, the lack of grazing and prescribed fire for over 25 years at these monitoring locations may be
stressing the warm-season species and giving an advantage to the cool-season species.
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3. 2001 Vegetation Management Program Summary for the
Rocky Flats Environmental Technology Site

3.1 Introduction

The vegetation management program at the Rocky Flats Environmental Technology Site (the Site)
continued to direct a multi-faceted attack on the noxious weeds at the Site during 2001.  The regulatory
framework governing weed control at the Site includes (K-H 1997a):

• Federal Noxious Weed Act, Section 15—Management of Undesirable Plants on
Federal Lands

• Federal Noxious Weed Act, Title 7—Agriculture, Chapter 61—Noxious Weeds

• Colorado Weed Management Act, § 35-5.5-115, C.R.S. (1996 Supp.)

• Jefferson County, Colorado, Undesirable Plant Management Plan

• Memorandum of Understanding for the Establishment of a Federal Interagency
Committee for the Management of Noxious and Exotic Weeds.

The Site vegetation management program is guided by the Integrated Weed Control Strategy plan (K-H
1997a), and by the annual vegetation management plans (K-H 1997b, 1999a, 2000a, 2001a) that specify
weed control efforts for each year at the Site.  The integrated strategy for the Site includes the use of
administrative and cultural, mechanical and physical, biological, and chemical control methods.  This
report summarizes, by method, the weed control and revegetation/ reclamation activities conducted at the
Site during FY2001.

3.2 Administrative and Cultural Controls

Two minor projects (less than one acre each) disturbed small areas of the Buffer Zone during 2001.  At
both locations (Figure 3-1) the disturbances were revegetated with a native seed mix.  On the xeric tallgrass
prairie east of the gravel mine operation in the northwest Buffer Zone, an area of approximately 10 acres
became a potential problem area when it was buried by windblown sand (Figure 3-1; see the High-Value
Vegetation Summary section in this annual report for more details).  As a result, much of the existing
native vegetation was buried, and by late summer the area was dominated by annual species, including the
noxious weeds diffuse knapweed (Centaurea diffusa) and Russian thistle (Salsola iberica).  Weed control
and possibly revegetation of the area will be necessary to prevent further encroachment of the noxious
weed species that have now established in the area.

Monitoring of several large revegetation projects done in 1999 (K-H, 2000b, 2001b) was continued in
2001.  For each of these projects, photo monitoring and qualitative assessments of the resulting
revegetation effort was initiated 1999 and continued in 2000 and 2001, in order to evaluate the
effectiveness of the revegetation efforts and to continue learning what works best for conditions at the Site.
The photo monitoring results of these efforts can be found in the Appendices on CD-ROM at the end of this
report.  Additional monitoring conducted in 2001, related to weed control, consisted of mapping the
distribution of several weed species on the Site, including diffuse knapweed, musk thistle (Carduus
nutans), common mullein (Verbascum thapsus), dame’s rocket (Hesperis matronalis), annual rye (Secale
cereale), jointed goatgrass (Aegilops cylindrica), bouncingbet (Saponaria officinalis), Russian knapweed
(Centaurea repens), scotch thistle (Onopordum acanthium), and several other minor weeds.  Several other
monitoring efforts related to vegetation management that continued in 2001 included monitoring of
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herbicide impacts to native and target species, prescribed burn effects on the xeric tallgrass prairie, the role
small mammal mounds have with respect to noxious weed establishment and spread, and the initiation of
monitoring to evaluate biocontrol release effectiveness.  Results of these monitoring efforts are summarized
in other sections of this annual report as well as in earlier annual reports (K-H 1998, 1999b, 2000b, 2001b).

As part of the ongoing vegetation management program, the sharing of information and planning strategies
with other local agency weed coordinators and resource managers is important because coordinated efforts
between neighboring land owners is essential for long-term control.   During 2001, the K-H Ecology Group
disseminated information on weed control and vegetation management to onsite personnel, through
meetings, personal communication, and Site newspaper articles.  In addition, K-H Ecologists attended
regional and national weed control meetings and the 2001 Colorado Weed Management Association
conference to present information on Site efforts and to keep up to date with the most recent knowledge
and advances in weed control.

3.3 Physical and Mechanical Controls

Physical and mechanical controls used at the Site in 2001 consisted of mowing, grading, and selective hand
control.  Mowing was done along the margins of the main east and west access roads, in addition to several
miles of firebreak roads in the Buffer Zone, to prevent the roadside weeds from producing seed and
spreading further.  Mowing was also conducted on the xeric tallgrass prairie adjacent to a firebreak road in
the northern Buffer Zone where annual rye has begun to invade the prairie.  Mowing was conducted at the
time when the seed heads were starting to form.  The plan is to continue to mow the annual rye annually to
prevent further seed set and exhaust the seed bank.

Grading was conducted along approximately 18 miles of firebreak roads in the Buffer Zone to maintain
these firebreak roads and prevent roadside weeds from going to seed and spreading further (Figure 3-2).
Hand control in 2001 was conducted at several locations to control localized infestations of Scotch thistle,
annual rye, bouncingbet, dame’s rocket, crown vetch (Coronilla varia), bird's-foot trefoil (Lotus
corniculatus), lens-padded hoary cress (Cardaria chalepensis), pepperweed whitetop (Cardaria draba),
Dalmatian toadflax (Linaria dalmatica), and Texas blueweed (Helianthus ciliaris).  Hand control consisted
of hand pulling, using sickles or sling blades, and spot herbicide spraying.  The use of hand control has
proven valuable to prevent these small infestations from becoming larger problems, and has at several
locations, eliminated the infestations.

3.4 Biological Control

During 2001, several species of biocontrol insects were released at the Site.  Site ecologists and Texas
A&M researchers working in conjunction with the U.S. Fish and Wildlife Service (USFWS) released
approximately 2,185 adults of Larinus minutus, a seedhead weevil that feeds on diffuse knapweed, at
several locations in different drainages at the Site (Figure 3-3).  Locations were chosen to establish
populations near the streams where other forms of weed control (such as chemical or mechanical) for this
species are impractical.  This and other species of diffuse knapweed biocontrol insects have been released
in recent years at the Site and will continue to be released at the Site in attempts to replicate promising
results seen on Boulder County Open Space to the north of the Site (Seastedt et al. 2001).  Other biocontrol
insects released during 2001 included: Sphenoptera jugoslavica, a root boring beetle that attacks diffuse
knapweed; Mecinus janthinus, a stem mining beetle that attacks Dalmatian toadflax; Trichosirocalus
horridus, a rosette weevil that attacks musk thistle; Aceria malherbae, a gall mite that can help to control
field bindweed (Convolvulus arvensis); and Cassida rubiginosa , a defoliating beetle for control of Canada
thistle (Cirsium arvense; Figure 3-3).

In 2000, 200 adults of Urophora carduii, a gall-forming fly, were released at 2 locations in the Rock Creek
drainage where other methods of controlling Canada thistle are impractical.  The insects were obtained
from the Colorado Department of Agriculture (CDA) in an attempt to establish a reproducing population at
the Site.  The release sites were observed during 2001 to see if the flies had become established and to
determine the level of impact on the thistles, if any.  At one of the locations a single gall was observed on a
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Canada thistle plant (Figure 3-4).  During 2002, continued observation of these release sites will be made
and attempts to get more of the adult flies for release will be made through the CDA.

For more specifics on the biocontrol release and monitoring efforts conducted at the Site during 2001, see
the High-Value Vegetation Monitoring Summary section of this annual report.

3.5 Chemical Control

Herbicide applications were used to control several hundred acres of noxious weed-infested grasslands at
the Site during 2001.  Figures 3-5 and 3-6 show the locations of ground and aerial applications of the
herbicide Tordon22k®, Transline®, and Telar® in 2001.  Primary target areas for treatment were heavy
infestation areas of diffuse knapweed, musk thistle, and mullein; however, other species such as Dalmatian
toadflax, Canada thistle, goatsbeard (Tragopogon dubius), alyssum (Alyssum minus), wild lettuce (Lactuca
serriola), small-seeded false flax (Camelina microcarpa), and some of the tansymustards (Descurania ssp.)
were also treated.  Approximately 134 acres were treated on the ground, while almost 1,000 acres were
treated with a helicopter during 2001 (Figures 3-5 and 3-6).  The residual effect of the Tordon22K® is
expected to help provide continuing control of these species for the next few years, precluding the need for
annual retreatment at these locations.  Ongoing studies at the Site have shown that Tordon22K®

applications can provide approximately two to four years of control (depending on location) before
additional herbicide applications need to be made.  For more specifics on the chemical control and
monitoring efforts conducted at the Site during 2001, see the High-Value Vegetation Monitoring Summary
section of this annual report.

3.6 Conclusions

During 2001, the vegetation management program at the Site continued to work toward controlling
infestations of several noxious weed species in the Buffer Zone.  Several methods were applied to control
current infestations and prevent new ones.  These included the use of administrative and cultural controls,
physical and mechanical methods, biological controls, and chemical controls.  Progress was made in
controlling several large infestations of diffuse knapweed, musk thistle, and mullein, in addition to other
smaller infestations of scotch thistle, annual rye, dame’s rocket, and several other weed species.  Using the
knowledge gained from onsite monitoring of the current efforts, and by keeping in contact with other local
agency weed coordinators and resource managers, improvements will continue to be made to the vegetation
management program at the Site.
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4. Monitoring Summary for Diffuse Knapweed Control Study

4.1 Introduction

Diffuse knapweed (Centaurea diffusa) is a noxious weed that has become increasingly widespread across
the Front Range of Colorado.  Over the past several years, the spread of this species has become a serious
threat with regard to managing the natural resources in the Buffer Zone at the Rocky Flats Environmental
Technology Site (the Site).  Under the Colorado Noxious Weed Act, diffuse knapweed is listed as a
noxious weed that must be controlled by property owners, and it is listed as one of the top ten prioritized
species for control in the state (CRS 1996).

Diffuse knapweed is a very aggressive competitor in dry conditions such as those found at the Site.  Studies
elsewhere have shown that it rapidly invades overgrazed range lands, disturbed sites, and even undisturbed
plant communities, often becoming a dominant species and altering the species composition of the plant
community (Powell 1990; FEIS 1996; Sheley et al. 1998).  Studies have also shown that diffuse knapweed–
infested lands exhibit increased soil erosion, degraded water quality, lower wildlife habitat value, reduced
grazing capacity, and less aesthetic and recreational value (Sheley et al. 1997, 1998).

At the Site, one of the rare plant communities that is increasingly affected by the spread of diffuse
knapweed is the relict xeric tallgrass prairie.  The Site contains a significant portion of what has been
identified as the largest remaining stand of this plant community known to occur in Colorado, and
potentially in all of North America (CNHP 1995).  The herbicide Tordon22K (trademark of DowElanco
[picloram]) is one of the more effective chemicals used for treatment of diffuse knapweed infestations,
because its multi-year residual effect can prevent the seeds from germinating for several years after
application (Beck 1994).  Because this is an important plant community, the issue of what effect the
spraying of Tordon22K might have on the native species in the xeric tallgrass prairie is a management
concern.  A study was begun on the Site in 1997 to evaluate the effectiveness of Tordon22K in controlling
diffuse knapweed on the Site and to identify any potential effects on desirable species in the xeric tallgrass
prairie.  This report summarizes the five years of data collected thus far.

The following general questions were proposed for investigation:

• How effective is Tordon22K on controlling diffuse knapweed under Site
conditions?

• How long is a single application of Tordon22K effective in controlling diffuse
knapweed?

• How does Tordon22K affect species richness, cover, and individual species
abundance on the xeric tallgrass prairie?

4.2 Study Site Location and Characteristics

The study site is located north of the T130 trailer complex, west of the Industrial Area (Figure 4-1).  The
xeric tallgrass prairie at the Site is located primarily on the pediment, which is underlain by Rocky Flats
Alluvium (SCS 1980).  The soils are classified as Flatirons very cobbly sandy loams (SCS 1980).  The
study site is essentially flat, with only a 1° slope to the northeast.  The area was chosen because it was large
enough for placement of both control and treatment plots (each 60 × 65 m), and an abundance of diffuse
knapweed was present where the two plots would be located.
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4.3 Methods

A control plot (no herbicide applied) and a treatment plot (herbicide applied) were established.  Within both
the control and treatment plots, five parallel, randomly located, 50-m transects were established from a
baseline using X and Y coordinates generated by a computerized random number generator.  Transects
were permanently marked, assigned numbers, and labeled.  Although it would have been preferable to
collect a full year’s worth of data prior to herbicide application in 1997, logistics and the required time
frame only allowed for a single spring sampling prior to herbicide application.  The treatment plot was
sprayed with Tordon22K, applied at a rate of 1 pint/acre, on June 23–24, 1997, using a truck-mounted
spray unit with a 16.75-m (55-ft) boom.  The boom was held approximately 0.6–1.0 m (2–3 ft) above the
vegetation.  A uniform application rate was obtained across the area using a computerized spray system that
regulated the application pressure rate according to the speed of the truck.  Some diffuse knapweed plants
had already bolted and were in the bud stage at the time the spraying occurred, but many rosettes were also
still present.  Sampling during 1997 was conducted on June 16–19 and again on September 2–4.  In 1998,
sampling was conducted on June 17–19 and August 24–27.  In 1999, sampling was conducted on June 14–
18 and August 30–September 1.  In 2000, sampling was conducted on June 12-16 and August 28-31.
During 2001, sampling was conducted on June 11-14 and August 20-23.

Species richness was determined in a 2-m-wide belt centered along the length of each 50-m transect.  Every
plant species rooted within the 100-m2 area was recorded.  In addition, the numbers of woody plant stems
and cactus stems were counted for the 100-m2 area and recorded.  Basal cover and foliar cover estimates
were made using a point-intercept method along each of the 50-m transects.  A 2-m-long rod, with a 6-mm
diameter, was dropped vertically at 50-cm increments along the transect to record a total of 100 intercept
points.  Two categories of hits were recorded, basal and foliar.  Basal cover hits indicated what material the
rod contacted at the ground surface.  Hits could be vegetation (live plants), litter (fallen dead material), rock
(pebbles and cobbles that were greater than the rod diameter), bare ground, or water, in that order of
priority based on the protection from erosion each type of cover provided.  Basal vegetation hits were
recorded by species only if the rod was touching the stem or crown of the plant where the plant entered the
ground.  Foliar vegetation hits (defined as a portion of a plant touching the rod) were recorded by species in
three categories as defined by height and growth form.  The topmost hit of each growth form was recorded.
The growth forms measured were herbaceous, woody <2 m in height, and woody >2 m in height.

Frequency information by species was gathered by randomly locating 25 1-m2 quadrats (5 per transect) in
each of the control and treatment plots and recording all species present in each plot.  Stem density counts
for diffuse knapweed also were made using these same quadrats.  No distinctions were made during counts
between seedlings, rosettes, or adult plants.  More detailed summaries of these specific methods are found
in the Environmental Monitoring Department Operating Procedures Manual (DOE 1995), the High Value
Vegetation Survey Plan for the Rocky Flats Environmental Technology Site (K-H 1997), and the 2001
Ecological Field Monitoring Plans for the Rocky Flats Environmental Technology Site (K-H 2001).

Species richness data were summarized by generating species lists for the control and treatment plots for
each sampling period.  In addition, other species diversity variables were calculated from the species lists.
Basal cover data were reported as total percent cover of vegetation, litter, rock, and bare ground.  Foliar
cover data were reported as frequency, absolute cover, and relative cover for each species encountered.
Frequency from the cover data was defined as the percent of point-intercept transects in which a species
occurred, out of the total five possible sampled per plot.  Absolute foliar cover was the percentage of the
number of hits on a species out of the total number of hits possible at a plot (500).  This value is the actual
cover of a species.  Relative foliar cover was the number of hits on a species relative to the total number of
vegetative hits recorded per plot (i.e., the percent of total vegetative cover [100 percent] represented by the
species).

Both absolute and relative foliar cover values are means averaged over the five transects.  Frequency based
on quadrats (n=25) was defined as the number of quadrats in which a species was recorded, divided by 25
(the total number of quadrats possible), multiplied by 100.  Density count data were summarized as the
mean number of stems per square meter based on the 25 quadrats sampled within each plot (n=25).
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For most results, descriptive comparisons were made between the control and treatment plots from the five
years of data to examine potential changes over time—pre-treatment to post-treatment.  Summaries of
species richness, cover, and frequency were summarized by combining data from the five control transects
and five treatment transects for each sampling event, respectively.  A Sorensen coefficient of similarity was
used to assess the species richness similarity between the control and treatment data (Brower and Zar
1977).  A Shannon-Weaver diversity index was used to calculate diversity and was conducted using the
relative foliar cover data (Brower and Zar 1977).  Statistical analysis of the results was conducted only
when mean values were different enough to suggest a meaningful interpretation.  Where normality,
variance, and dependence requirements were met, parametric tests were used to compare results , otherwise
non-parametric tests were used.  Independent samples (i.e., the control versus treatment for specific
sampling periods) were compared using t-tests, or Mann-Whitney U tests (SigmaStat 1997; Fowler and
Cohen 1990; Sheskin 1997), as appropriate.  Dependent sample comparisons (i.e., within treatment over
time) were done using repeated measures ANOVA tests, paired t-tests, Wilcoxon’s test for matched pairs,
or Friedman's repeated measures ANOVA (SigmaStat 1997; Fowler and Cohen 1990; Sheskin 1997), as
appropriate.  Where applicable, a Bonferroni, Dunnett’s, or Tukey tests were used for pairwise multiple
comparison procedures to isolate groups that differed from one another (SigmaStat 1997).  Frequency
analyses were done using a McNemar test (Sheskin 1997).  A detrended correspondence analysis (DCA;
PC-ORD 1999) ordination technique was used to evaluate the relationships between the control and treated
areas for each sampling session based on species abundances.

4.4 Results

4.4.1 Species Richness

Species richness was originally higher in the treatment plot compared to the control plot by 6 species
(Tables 4-1 and 4-2; Figure 4-2).  After the herbicide application in 1997, overall species richness in the
treatment plot declined initially by 12 species (from 74 to 62 species).  However, by the following spring
(1998) it had returned to 70 species (equal that in the control plot).  Since spring 1999, the treatment plot
has had 5 to 15 more species than the control plot during each monitoring session.

A Sorensen coefficient of similarity was used to compare initial 1997 species richness to that in 2001 for
both the control and treatment plots.  Comparing spring 1997 to spring 2001 resulted in a Sorensen index
value of 0.86 for the control plot and 0.80 for the treatment plot, indicating slightly greater similarity in
species richness in the control plot, five growing seasons after the herbicide application.  The spring 1997
control-versus-treatment Sorensen index value was 0.85, and 0.81 in summer 2001.  Thus, five growing
seasons after the herbicide application, the similarity of species richness between the control and treatment
plots is slightly less than prior to the start of the study.

4.4.2 Diffuse Knapweed Response

Diffuse knapweed densities declined significantly in the treatment plot after the herbicide application and
continued to remain at low levels through 2000, four growing seasons after the herbicide application
(Table 4-1, Figure 4-3; Friedman's repeated measures ANOVA by Ranks, X2 = 82.36, df = 9, P < 0.001).
However, in spring 2001, diffuse knapweed density in the treatment plot increased to over 40 plants/m2 and
was no longer significantly different from the original density in 1997 (Table 4-1, Figure 4-3; Friedman's
repeated measures ANOVA by Ranks, X2 = 82.36, df = 9, P < 0.001).

Seasonal fluctuations were observed in diffuse knapweed densities in the control plot (Table 4-1,
Figure 4-3).  However, only the spring 1999 diffuse knapweed density showed a statistically significant
increase in the control plot, from 5.6 plants/m2 in 1997 to 26.1 plants/m2 (Table 4-1, Figure 4-3; Friedman's
repeated measures ANOVA by Ranks, X2 = 78.40, df = 9, P < 0.001).  None of the other spring spikes in
diffuse knapweed density in the control plot were statistically different from initial conditions (Figure 4-3;
P > 0.05).
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Diffuse knapweed frequency has remained fairly stable in the control plot from 1997 through 2001, with
the exception of a sharp peak (increase) during spring 1999 (Table 4-1; Figure 4-4).  In the treatment plot,
during the same time period, diffuse knapweed frequency declined steadily, from 80 percent before
herbicide treatment in 1997 to a low of 20 in summer 1998.  However, since then it has increased, peaking
in spring 2001 at 72 percent, only 8 percent less than the original frequency of 80 percent in 1997.

Diffuse knapweed cover declined sharply in both the control and treatment plots after the herbicide
application (Figure 4-5).  However, since spring 2000, diffuse knapweed cover has increased significantly
in the control plot compared to the treatment plot and continues to remain significantly higher (Figure 4-5).

4.4.3 Cactus Density Response

Cactus densities and frequencies in the control plot for twistspine prickly pear (Opuntia macorhiza) and
hedgehog cacti (Echinocereus viridiflorus) remained generally stable from 1997 to 2001, (P > 0.05;
Table 4-1; Figures 4-6 and 4-7).  In the treatment plot, however, densities for these two species both
declined significantly after the herbicide treatment (Table 4-1; Figures 4-6 and 4-7).  The twistspine prickly
pear density decreased significantly by 94 percent from 1997 to 2001 (Figure 4-6; One Way Repeated
Measures ANOVA, F = 54.559, P < 0.001) and remains far below that of pre-treatment levels or that found
in the control plot.  The frequency of the twistspine prickly pear decreased significantly by more than 80
percent (Table 4-3; McNemar test, X2 = 11.1, df = 1, P < 0.01).  Hedgehog cactus density and frequency
also decreased significantly in the treatment plot from spring 1997 to spring 2001 (Tables 4-1 and 4-3,
Figure 4-7; One Way Repeated Measures ANOVA, F = 9.287, P < 0.001; McNemar test, X2 = 6.1, df = 1,
P < 0.05), with the density decreasing by 95 percent.  Continued monitoring will detect when and if the
cacti begin to return to these areas.

4.4.4 Diversity Response

Shannon-Weaver diversity indices for the control and treatment plots are shown, by sampling event, in
Table 4-1 and Figure 4-8.  No significant changes were observed in the control plot from 1997 through
2001 (P > 0.05; Figure 4-8).  In the treatment plot, a statistically significant loss of diversity was observed
after the herbicide application in spring 1997, lasting through summer 1999 (Figure 4-8; One Way
Repeated Measures ANOVA, F = 3.913, P < 0.05).  However, in spring 2000 and throughout all of 2001,
diversity was no longer statistically different from the initial diversity in the treatment plot (Figure 4-8;
P > 0.05).  In comparison to the control plot however, during the summers of 2000 and 2001, diversity in
the treatment plot remained significantly lower than that in the control plot (Figure 4-8; summer 2000: T-
test, t = 3.54, df = 8, P < 0.05; summer 2001: T-test, t = 2.54, df = 8, P < 0.05).

4.4.5 Plant Frequency Response

Individual species frequencies measured during each sampling event are presented in Table 4-3 for both the
control and treatment plots.  Taking into account changes that occurred in the control plot from spring 1997
to spring 2001 (i.e., assumed to be natural variability in species frequency), those species in the treatment
plot that showed the greatest change in frequency are shown in Table 4-4.  Only those species that showed
changes of 12 percent or more (negative or positive) are listed, because the presence of a species in a single
quadrat represents 4 percent (n = 25).  Changes of 8 percent or less are as likely explained by chance as by
any response to the herbicide application, given the natural variability of species on the prairie.  Eleven
species continue to show declines in frequency (Table 4-4).  The species showing the greatest decreases
were twistspine prickly pear and Fendler’s sandwort (Arenaria fendleri), with decreases of 52 and 28
percent, respectively, in the treatment plot compared to the control plot.  Of the other nine species listed as
having experienced declines in frequency, seven were native species and two were non-native (Table 4-4).
Several species also showed increases in frequency in the treatment plot versus control plot analysis
(Table 4-4).
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4.4.6 Vegetation Cover Response

Foliar cover results, by species and species groupings, for the control and treatment plots from 1997 to
2001, by sampling session, are presented in Tables 4-5 and 4-6, respectively.  Change in species
composition was evaluated by examining changes in the amounts of foliar cover provided by different
species or groups of species.  For this year’s analyses absolute (actual) foliar cover values are discussed in
most cases.  Relative foliar cover values are presented in the tables, however, and are included in the
discussion where applicable.

Examination of the cover data showed seasonal shifts in cover amounts for many of the species groupings
(Tables 4-5 and 4-6).  Total foliar cover, total native foliar cover, and total non-native foliar cover values
for both the control and treatment plots showed essentially parallel responses from 1997 through 2001
(Tables 4-5 and 4-6; Figure 4-9).  The only fluctuation in total foliar cover in the treatment plot compared
to the control plot occurred in summer 1997, and most of this resulted from the loss of non-native foliar
cover (Tables 4-5 and 4-6; Figure 4-9).  It was not significantly different (P > 0.05), however, and thus the
total foliar cover present on the grassland was not affected by the herbicide treatment.

Species composition was affected though.  In the control plot, total forb cover did not change significantly
from 1997 through 2001, varying from about 9 to 15 percent (P > 0.05; Figure 4-10).  Total forb cover in
the treatment plot, however, dropped significantly—from more than 12 percent initially in 1997 to a low of
less than 4 percent in summer 1998—in response to the herbicide (Figure 4-10; One Way Repeated
Measures ANOVA, F = 3.996, P < 0.05).  With the exception of summer 1999 and spring 2001, the total
forb cover has remained significantly lower than the initial 12.2 percent found in spring 1997 (Figure 4-10;
One Way Repeated Measures ANOVA, F = 3.996, P < 0.05).  Taking into account changes in the control
plot however, total forb cover in the treatment plot has only been significantly different in spring and
summer 1998 and again in summer 2001 (Figure 4-10; T-tests, t = 4.346, t = 3.444, t = 5.379, respectively,
df = 8, P < 0.05).

Non-native foliar cover was eliminated from the treatment plot throughout 1998, the second growing
season after treatment, but began to return again in 1999 and has increased to just over 2 percent in the
summer of 2001 (Figure 4-11).  Non-native cover in the treatment plot continued to be significantly below
that of the control plot in the late summer of 2001 (Figure 4-11; T-test, t = 2.882, df = 8, P < 0.05).  In the
control plot, non-native cover also declined throughout 1998 and spring 1999, but then increased to 6
percent by summer 2001 (Figure 4-11).  Diffuse knapweed accounted for the largest portion of non-native
cover in both the control and treatment plots in summer 2001 (Tables 4-5 and 4-6).  Native forb cover was
equal in the control and treatment plots prior to the herbicide application (Figure 4-11).  However, after the
herbicide application, native forb cover dropped in the treatment plot and was significantly different from
the control plot throughout 1998 (Figure 4-11; spring 1998, T-test, t = 3.523, df = 8, P < 0.05; summer
1998, T-test, t = 2.603, df = 8, P < 0.05).  By 1999, however, native forb cover was no longer significantly
different from the control plot and remained that way through spring 2000, by which time it was essentially
equal to that in the control plot (P > 0.05).  The past two summers (2000 and 2001), however, the native
forb cover has declined in the treatment plot and been significantly different from the control plot
(Figure 4-11; summer 2000, T-test, t = 3.226, df = 8, P < 0.05; summer 2001, T-test, t = 3.592, df = 8, P <
0.05).

Total graminoid cover amounts in the control and treatment plots have essentially paralleled each other
since the herbicide application (Figure 4-12).  Although some significant increases have been seen in total
graminoid cover since the herbicide application (P < 0.05), these increases have occurred in both the
control and treatment plots with no significant differences between them (Figure 4-12; P > 0.05).  Split out
by cool-season and warm-season graminoid species, the cover of both the control and treatment plots have
shown generally parallel, seasonal fluctuations with no significant differences between the control and
treatment plots (P > 0.05).

Detrended correspondence analysis (DCA) results based on species cover by sample session show that the
control and treatment areas had some initial separation along axis 1 and axis 2 (Figure 4-13).  The control
plot shows the natural annual and seasonal variability of cover, to which the treatment plot is compared.  So
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differences between them should be attributable to the herbicide application.  Both the control plot and
treatment plot data show a consistent spring to summer, right to left shift along axis 1.  Total foliar cover
and total graminoid cover (Tables 4-6 and 4-7) showed large seasonal increases from spring to summer,
thus perhaps best explaining axis 1.  During 1998 and 1999, the control plot shifted toward the lower end of
axis 2, before returning to a position above its original starting location in 1997, and ending slightly higher
in 2000 and 2001.  Comparing the locations of the treatment plot over the same period of time, the same
shift to the lower end of axis 2 was present in 1998 and 1999.  However, the 2000 and 2001 positions while
shifting back toward the original location in 1997 are still below where they are in the control plot and
below the original treatment plot origin.  Thus there is still some difference in the treatment plot resulting
from the herbicide application.

4.5 Discussion

The effect of the herbicide Tordon22K on diffuse knapweed and other species on the xeric tallgrass prairie
was examined to provide important information for weed control and resource management activities at the
Site.  The herbicide application was effective at controlling diffuse knapweed at the study location on the
xeric tallgrass prairie for approximately four field seasons after treatment.  In the fifth year, diffuse
knapweed densities and frequencies returned to above and near pre-treatment levels, respectively, showing
little difference as compared to the control plot.  The increased germination of diffuse knapweed seed in the
seed bank (based on increased knapweed density) is indicative of the waning residual effect of the
Tordon22K.  Diffuse knapweed cover, however, still remains significantly lower in the treatment plot
compared to the control plot.  The delayed response of diffuse knapweed cover is largely attributable to the
biennial growth habitat of the species.  After germination, the species typically overwinters as a rosette, so
most of the density and frequency increases for diffuse knapweed seen in 2001 were of seedlings and
rosettes.  Those that survive the winter will then bolt and become adult plants in 2002, thus increasing the
amount of diffuse knapweed cover (i.e., due to the much larger size of the adult plants compared to the
seedlings and rosettes).  So it is likely that with sufficient overwinter survival, diffuse knapweed cover will
increase substantially in 2002 if no additional control efforts are applied.

The response of the xeric tallgrass prairie species to the herbicide application has been more or less what
was expected.  Declines in species richness in the treated area were temporal, recovering within a year after
the herbicide application, and remaining higher in the treated area than that in the control area.  Species
richness similarity from 1997 to 2001 was slightly higher in the control plot than in the treatment plot,
suggesting some possible changes resulting from the herbicide application.  However, examination of
annual/seasonal species lists (Table 4-2) showed no substantial changes in species richness at the treatment
plot resulting from the herbicide application.  The natural variability of many of the species makes it
impractical to attribute any changes to the herbicide.

Species diversity declined significantly in the treated area and remained significantly less compared to the
initial 1997 values until 2001 (Figure 4-8), thus showing a similar response to the herbicide as did diffuse
knapweed abundance.  Compared to the control plot however, significant differences in species diversity
were only noted during the summer sampling sessions from 1997 to 2001.  Spring comparisons between the
control and treatment were not significantly different, thus suggesting a seasonality effect.

Further investigation into this showed that most of the change in the diversity index in the treated area is
attributable to the loss of forb cover (Figure 4-10).  Total forb cover in the treated area declined
significantly after the herbicide application and has remained significantly lower than the original amount
throughout the duration of the study with the exception of spring 2001.  The general appearance of the
species diversity graph and total forb cover graph are strikingly similar (Figures 4-8 and 4-10).  Compared
to the control area however, forb cover in the treated area was only significantly different in 1998 and again
in summer 2001.  It was no different from the control area in 1999, two field seasons after the herbicide
was applied.  Thus total forb cover does not seem account for the seasonality effect seen in the diversity
data.  However, split out by native versus non-native forb cover, the data reveal that reduced summer native
forb cover in the treated areas, combined with increased summer native forb cover in the control areas
seems to be largely responsible for the seasonality difference in the diversity measure (Figure 4-11).
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Efforts to determine which native species are accounting for the lower late summer forb cover in the
treatment plot are confounded by the fact that native forb composition was not the same in the control and
treatment plots prior to the herbicide application.  In addition, the problem is compounded by the fact that
most of the forbs are rarely encountered using the point-intercept method, so few hits are available for
analysis by individual species.  Nevertheless, late summer native forb cover in the treated areas remains
significantly below that in the control areas five years after the herbicide application.

The response of the graminoid component of the plant community has been to increase and replace the
significant loss of forb cover resulting from the herbicide application.  The fact that total foliar cover in the
treated area did not change even after the loss of forb cover demonstrates this.  Qualitative observations
have also noted the increased health, vigor, and flowering of the grasses in treatment areas after the
herbicide application.  It is important to note however, that the increase in graminoid cover in the treatment
area was not enough to make it statistically significantly different from the control area.  Some of this is
explained by the fact that the original amount of graminoid cover in the treated area was lower than that in
the control.  After the herbicide application, however, graminoid cover in the treated area rose above that in
the control, but not enough to reach a point where it was significantly different from the control.  No
significant changes in warm-season versus cool-season graminoid cover were observed during the study.
The control and treatment responses paralleled each other.  The increase in graminoid cover is a desired
response because it is hoped that the increased perennial cover will help to compete against the diffuse
knapweed and other noxious weeds in the future.

In general, the data from the Site are consistent with data from other studies that have shown an initial
decline of species diversity, loss of forb and weed cover, and increase in graminoid vigor and cover after
application of Tordon22K.  Rice and Toney (1996) reported decreases in forb cover due to herbicide
treatments on native prairie in Montana.  They reported that these responses were transitory, however, and
that forb values returned to pre-treatment levels after about three years.  Rice et al. (1997) found that
species diversity also declined after spraying with Tordon22K, but recovered after 2–3 years.  Both of
these studies also indicated that, as a result of lost weed and forb cover (i.e., reduced competition), the
graminoid component of the community responded vigorously.  In the Lolo National Forest in Montana,
Henry (1998) reported that two years after spraying with Tordon22K, a mountain grassland community
had a 95 percent reduction in weed biomass and an 86 percent decrease in forb biomass.  Associated with
this was a 714 percent increase in grass biomass.  The major difference observed during this study at the
Site, however, has been the lack of return of the late summer native forb component.  Thus differences due
to species composition, soils, and/or climate are apparently having some effect on the results seen here.

These data raise some important points to consider for diffuse knapweed control on the xeric tallgrass
prairie at the Site.  It is important to note that the overall species richness of the prairie was not altered.
However, the abundance of many species was changed, especially with respect to the forbs.  The continued
reduced cover of native forb species, five years after treatment, is of particular concern, since many of these
species contribute to the uniqueness of the xeric tallgrass prairie at the Site.  Continued reapplication of
broad-leaf, non-species-specific, herbicides (such as Tordon22K) without allowing enough time for
complete recovery of the native forb component of the community will only lead to the further reduction of
the native forb component of the community and inhibit its ability to compete with the ever increasing
number of exotic species.  The use of a more selective herbicide such as Transline will be necessary until
the community has recovered.  It is also apparent, however, that sole reliance on the continual reapplication
of herbicides is not a viable long-term solution by itself.  The cost in both dollars, and to the environment,
is high.  Integration with other control methods such as biocontrol, prescribed burning, fencing, and
potentially grazing are necessary to improve environmental conditions for the desired native species and to
succeed in controlling and reducing diffuse knapweed infestations to acceptable levels in the long-term.

The lack of more substantial increases of graminoid cover, given the reduction in competition from the
forbs, suggests that perhaps there are other limiting factors (such as moisture or nitrogen) controlling plant
growth on the xeric tallgrass prairie.  If these could be identified and adjusted in combination with weed
control measures it may be possible to further enhance conditions for the native species to the detriment of
the exotics.
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One additional “lessons learned” worth mentioning is the temporal aspects of monitoring.  The importance
of long-term datasets cannot be underestimated; this study is a good example.  The notable decline of
species diversity and native forb cover in the 2000 late summer dataset was noticed and mentioned first in
the 2000 annual vegetation report.  Given that these variables had previously “recovered”, based on earlier
data, the explanation given for that “fluke” in the data was that it was a combination of drought and
herbicide interaction.  With the additional year of data it has now become more apparent that perhaps this is
a longer-term depression of the summer native forb component of the grassland.  Without the fifth year of
data, however, this would not have been known and potentially erroneous conclusions might have been
drawn.  Continued monitoring of these sites may help answer the question concerning recovery time before
reapplication of a non-selective herbicide is warranted on the xeric tallgrass prairie.

4.6 Conclusions

An application of Tordon22K on the xeric tallgrass prairie at the Site provided four years of control for
diffuse knapweed, the primary target species.  Initial declines in species richness were transitory, and no
changes in overall foliar cover were observed.  Total forb cover remains significantly lower than it was
originally, but compared to the control has generally recovered.  However, native forb cover continues to
remain significantly lower, during the late summer, in the treatment area after five years.  This warrants
concern since many of these species contribute to the uniqueness and diversity of the xeric tallgrass prairie
at the Site.  Additional recovery time for the native, late summer forb component of the community is
required before additional non-selective herbicide applications are used.  Otherwise, further declines in the
forb component of the community are likely.  In general, the loss of forb cover has been made up by
increases in graminoid cover, although it is likely that other factors may be limiting plant growth.
Integration with other control methods such as biocontrol, prescribed burning to increase the vigor of native
species, fencing, and potentially grazing are necessary to improve environmental conditions for the desired
native species and succeed in ultimately controlling and reducing diffuse knapweed infestations to
acceptable levels in the long-term.
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5. Aerial Herbicide Application Diffuse Knapweed Monitoring

5.1 Introduction

During May 1999, the herbicide Tordon22K was applied from a helicopter to control diffuse knapweed
(Centaurea diffusa) and other noxious weeds on approximately 1,500 acres at the Rocky Flats
Environmental Technology Site (Site).  To evaluate the effectiveness of the aerial herbicide application on
diffuse knapweed, the primary target species, a monitoring effort was undertaken.

The following questions were proposed for investigation:

1. Is the aerial herbicide application effective at reducing the frequency and cover of
diffuse knapweed?

2. How does the aerial herbicide application compare to previous ground applications
for controlling diffuse knapweed at the same application rates?

3. Is there evidence of undesirable drift or other unintentional application outside the
specified application areas?  If so, what were the impacts?

This report presents and updates the results of the 2001 monitoring with respect to question 1 above.
Answers to questions 2 and 3 were answered and reported in the 1999 Annual Vegetation Report for the
Rocky Flats Environmental Technology Site (K-H 2000).

5.2 Methods

The study was conducted at three replicated circular plots (AS-1, AS-2, and AS-3) chosen subjectively for
their high infestation of diffuse knapweed in the xeric tallgrass prairie at the Site (Figure 5-1).  Each plot
was 30 m in diameter, and the center of each plot was permanently staked with rebar.  Using randomly
generated X (distance from center stake) and Y (aspect) coordinates, a total of 20 quadrats (0.5 × 1 m; 10
control and 10 treatment) were located in each plot.  No overlapping of quadrats was allowed.  The
southwest corner of each quadrat location was permanently staked, assigned a number, and tagged.
Quadrats were aligned using a compass, with the 1-m side of the quadrat running east-west and the
southwest corner of the quadrat touching the stake.  Quadrats were sampled in mid-May 1999 on the day
before and morning of the aerial herbicide application, and again in August 1999, May 2000, August 2000,
April/May 2001, and August 2001.  At each quadrat, diffuse knapweed cover was estimated using the cover
class system shown in Table 5-1.  Only live diffuse knapweed plants were used to estimate cover.  It should
be noted therefore that the spring cover data represent only seedling and rosette cover, while the summer
data represents the cover of seedling, rosette, and adult plants.  At each plot, photographs were taken of five
control and five treatment quadrats.  Photographs were taken with a single-lens reflex (SLR) camera with a
35-mm lens.  Photographs were taken looking straight down on the center of each quadrat from eye level
(approximately 1.5 m), while standing facing south so that the permanent stake is in the upper right hand
corner of the photograph.

After the initial monitoring of the quadrats, but prior to the 1999 aerial herbicide application, the 10 control
quadrats at each plot were covered with black plastic that was weighted down to hold it in place during
spraying.  This was done to prevent the herbicide from reaching the plants and surface of the ground.  The
aerial herbicide application was conducted on May 12 and 13, 1999.  The black plastic was removed within
a few hours after the aerial herbicide application had taken place.  A helicopter was used to apply the
herbicide.
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Diffuse knapweed cover was summarized for the control and treatment areas during each sampling session.
Cover data were summarized and analyzed using the midpoint of each cover class (Table 5-1).  Monitoring
results in 2001 are summarized for plots AS-1 and AS-2 only.  During the aerial herbicide application in
spring 2001, parts of the AS-3 plot were inadvertantly sprayed with Tordon22K.  For comparison to past
results, all previous years were reanalyzed using only AS-1 and AS-2 data.  All 20 quadrats for the control
and treatment analyses, respectively, were summarized together for both cover and frequency comparisons.
Statistical comparisons were made between and within the control and treatment areas for each sample
session and across time (pre- and post-treatment) using non-parametric tests because the data failed
normality criteria.  Independent samples (control versus treatment) were tested using a Mann-Whitney rank
sum test, and dependent samples (control and treatment through time, respectively) were tested with a
Friedman repeated measures ANOVA (SigmaStat 1997).  Multiple comparison tests (Bonferroni t–test or
Dunnett’s) were used to separate means or medians at the 5% level of probability.  Frequency analyses
were conducted using a McNemar test (Sheskin 1997).

5.3 Results

Initial cover amounts for diffuse knapweed (seedlings and rosettes) at the control and treatment plots prior
to aerial herbicide application were not statistically different, averaging approximately 11 and 8 percent,
respectively (Figure 5-2; P > 0.05).  However, approximately 3 months after the herbicide application,
diffuse knapweed cover amounts (seedlings, rosettes, and adults) were statistically different between the
late summer control and treatment plots, averaging 30 percent and less than 1 percent, respectively
(Figure 5-2; Mann-Whitney rank sum test, P < 0.001; median: control = 26.25, treatment = 0).  Throughout
2000, diffuse knapweed cover in the treatment plots remained significantly lower than that in the control
plots in both the spring (Figure 5-2; Mann-Whitney rank sum test, P < 0.001; median: control = 15,
treatment = 0) and summer (Figure 5-2; Mann-Whitney rank sum test, P < 0.001; median: control = 62.5,
treatment = 0).  In 2001, the differences in diffuse knapweed cover between the control and treatment plots
continued to be significantly different in the spring (Table 5-2; Mann-Whitney rank sum test, P < 0.01;
median: control = 15, treatment = 0), and in the summer (Table 5-2; Mann-Whitney rank sum test, P <
0.001; median: control = 50, treatment = 2.5).  Additionally, comparison of the pre-application versus post-
application diffuse knapweed cover amounts for the control and treatment plots, respectively, showed
statistically significant changes.  At the control plots, diffuse knapweed cover has increased significantly
from a mean of 11 percent to over 43 percent from May 1999 to August 2001 (Figure 5-2; Friedman
repeated measures ANOVA, P < 0.001).  At the treatment plots, diffuse knapweed cover decreased
significantly from 8 percent to less than 1 percent cover from May 1999 to August 2000 (Figure 5-2;
Friedman repeated measures ANOVA, P < 0.001).  However, in both spring and summer 2001, diffuse
knapweed density increased slightly and was no longer statistically different from the original cover value
in May 1999 (Figure 5-2; Friedman repeated measures ANOVA, P > 0.05).  Diffuse knapweed frequency
in the control plots did not change significantly from 1999 to 2001 (Figure 5-3; P > 0.05).  In the treatment
plots, however, the frequency of diffuse knapweed dropped significantly from 75 percent before treatment
in 1999 to 5 percent in summer 2000 (Figure 5-3; McNemar test, X2 = 12.1, df = 1, P < 0.01).  By spring
2001, diffuse knapweed was increasing, but was still significantly lower than the original frequency in 1999
(Figure 5-3; McNemar test, X2 = 4.2, df = 1, P < 0.05).  By summer 2001, however, it was no longer
significantly different from the original frequency (Figure 5-3; P > 0.05).

5.4 Discussion

The aerial herbicide application of Tordon22K by helicopter has been shown to effectively control diffuse
knapweed for two to three years at the study locations since the original application in May 1999.  Diffuse
knapweed cover dropped to less than 1 percent in the sprayed areas where monitoring was conducted.
Additionally, diffuse knapweed frequency was significantly reduced in the sprayed areas.  Qualitative
observations elsewhere indicated similar success at most treatment areas on the xeric tallgrass prairie.  At
most of these locations, essentially no adult diffuse knapweed plants were observed in late summer 1999,
except where small spots were missed.  As a result, the annual seed set in these areas was reduced to near
zero, and little spread of diffuse knapweed occurred from these areas because no adult plants were available
to blow across the landscape.  In 2000, the second year after application, quantitative data continued to
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show significantly less diffuse knapweed in the treatment plots compared to the control plots.  However,
qualitative observations near the study sites began to show that some diffuse knapweed was returning,
largely in areas of missed flight lines and on burrow mounds disturbed by small mammals.  In 2001, data
from this study have shown that although diffuse knapweed cover in the treatment plots is still significantly
less than the control plots, the frequency of diffuse knapweed has increased in the treatment plots and is no
longer significantly lower than the control plots.  It is likely that by 2002, diffuse knapweed cover will
increase substantially because the higher frequency of diffuse knapweed observed in 2001 is largely from
rosettes that will bolt and become adult plants in 2002.  Thus an increase in frequency of diffuse knapweed,
without a concurrent increase in cover, could be used as a trigger that signals the need for treatment the
following year to prevent the production of adult seed producing plants.  Mapping data from 2001 near the
study plots also shows that diffuse knapweed is returning to the areas and will need additional control in the
near future (see the chapter 1 in this annual report).  In general, these data agree with data from a larger
quantitative study conducted at the Site that has been evaluating the impacts of Tordon22K on the native
plants on the xeric tallgrass prairie at the Site (see the 2001 Monitoring Summary for Diffuse Knapweed
Control Study in this annual report).  The fact that diffuse knapweed is beginning to return more quickly
than was originally intended is somewhat disheartening.  Reapplication with Tordon22K is not
recommended so soon after the original application because of potential impacts to the native forb
community that is still recovering from the first application.  Reapplication with a more species-specific
compound such as Transline is possible, although costs are higher and reapplication on an annual basis is
necessary.  Although not unexpected, it is apparent that without the ability to conduct effective spot control
along missed flightlines and on small mammal mounds where diffuse knapweed is a continual problem
(sometimes within a year after treatment) repeated application on a large scale will be necessary to control
the large infestations present at the Site.  Integration with other techniques such as biocontrols  that have
been shown to be effective on Boulder County Open Space lands to the north of the Site (Seastedt 2001)
are in progress now and, if these can be shown to be effective here at the Site, should reduce future reliance
on herbicides alone as an effective control method.  The use of prescribed fire in conjunction with herbicide
applications in these areas may also help increase and prolong the effectiveness of such herbicide
applications and improve the competitive ability of the native species.

5.5 Conclusions

In summary, the 1999 aerial herbicide application of Tordon22K on the xeric tallgrass prairie at the Site
has effectively controlled diffuse knapweed at the treatment study plots for two to three years.  As a result,
annual seed set at these locations has been dramatically reduced, and the chance of these infestations
spreading from these treated areas greatly reduced, because fewer adult plants are available to tumble
across the landscape.  In 2001, diffuse knapweed has begun to return and increase at many of the treated
locations and will require additional control efforts in the near future.  Integration with other control
techniques such as biocontrols that have been released at the Site could help reduce the long-term reliance
on herbicides alone as an effective tool for managing the large infestations at the Site.  Improvements will
continue to be made in the management of diffuse knapweed at the Site, integrating chemical control with
other methods, while proactively managing the Site’s ecological resources.
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6. 2001 Diffuse Knapweed Biocontrol Monitoring Summary

6.1 Introduction

During 2001, a diffuse knapweed seedhead weevil (Larinus minutus), was released at six locations
(Figure 6-1) at the Rocky Flats Environmental Technology Site (the Site) to help control diffuse knapweed
(Centaurea diffusa) infestations at the Site.  Larinus minutus has been shown to be an effective biocontrol
agent when used in conjunction with other biocontrol insects at a research site located on Boulder County
Open Space north of the Site (Seastedt et al. 2001).  In order to evaluate the effectiveness of the biocontrol
releases, a simple monitoring program was established using both qualitative and quantitative measures.
This report summarizes the pre-release conditions at five of the release locations chosen for study.

Objectives of the study include:

1. Evaluate changes in pre- and post-treatment diffuse knapweed cover and density at the release
locations.

2. Document visually, through photo-monitoring, changes in diffuse knapweed infestations at the release
locations.

6.2 Methodology

At each of the five release locations chosen for monitoring (Figure 6-1), a total of ten 1-m2 quadrats were
randomly located.  Within each of the quadrats the cover and density of diffuse knapweed was measured
and recorded.  Cover was visually estimated by cover class (1 = <5%; 2 = 6-25%; 3 = 26-50%; 4 = 51-75%;
5 = >75%).  Cover was estimated using all plants that had a canopy within the quadrat frame, regardless of
whether they were rooted within the quadrat frame.  Diffuse knapweed density was counted and recorded
as the number of adult, reproducing plants rooted within the quadrat frame.  No counts of diffuse knapweed
seedlings or rosettes were made.

Random locations were determined using random aspects and distances from the center flag at the release
location.  Distances consisted of whole numbers and were paced off from the center flag.  At each release
location, the maximum distance used did not exceed the boundaries of the knapweed infestation.
Placement of the quadrat was done such that one side of the quadrat was approximately centered and
perpendicular to the line paced from the center flag.  Future sampling will be conducted using new random
locations.

Photographs were taken in the four cardinal directions from the center flag and from a location looking
back to the overall infestation in order to document visually the level of infestation.

6.3 Results and Discussion

A total of approximately 2185 L. minutus weevils were released at the Site during 2001.  The total number
of L. minutus insects released at each location is shown in Table 6-1.  The high number released in the one
Rock Creek drainage (Site LM6) are part of a study being conducted by Texas A&M University.  No cover
or density data were collected at LM6 as part of the on-Site monitoring because the Texas A&M
researchers are collecting their own data at that location.  The overall mean cover of diffuse knapweed
plants at the five monitored release locations was 21.4% (Table 6-2, Figure 6-2).  The overall mean density
of adult plants at the release locations was 9.1 plants/m2 (Table 6-2, Figure 6-2).  The percent cover and
density of diffuse knapweed plants at each release location is shown in Table 6-2 and Figure 6-2.  Future
monitoring will be conducted to evaluate the effectiveness of the biocontrols.  Photo monitoring results



35

showing the pre-release conditions at each release location can be found in the Appendices on the CD-
ROM at the end of this report.

6.4 Conclusions

Approximately 2185 L. minutus insects were released at several locations across the Site during 2001 to
assist in the control of diffuse knapweed.  Monitoring was established to document the effectiveness of the
control efforts over the next several years.
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7. Diffuse Knapweed Movement and Dispersal Investigation

7.1 Introduction

Diffuse knapweed (Centaurea diffusa) is an aggressive noxious weed that can disperse across large
expanses of open land by tumbling during periods of high wind.  The use of herbicides to control diffuse
knapweed at the Rocky Flats Environmental Technology Site (the Site) have proven very effective at
keeping seed production and the number of adult plants to a minimum in the areas sprayed.  One of the
problems with maintaining control, however, is that in addition to the fact that viable diffuse knapweed
seed can exist in the seed bank for up to 10 years, off-site populations continue to spread new seed onto
DOE property.  Often new seed is spread into the areas that have been treated with herbicides thereby
limiting the effectiveness of the control efforts.  Some of the seed comes onto the Site from the mining
operations to the west.  Additionally, where no control has been conducted or less effective control has
been achieved at some locations at the Site, diffuse knapweed plants continue to blow across the landscape
throughout the winter months, further infesting new locations.  In fall 2000, a study was designed to
evaluate significance of diffuse knapweed movement at the Site.  The following questions were proposed
for investigation:

• What percentage of a diffuse knapweed infestation blows away each winter during the high winds at
the Site?

• What are the average and maximum distances that diffuse knapweed plants are observed to move
across the Site?

• What is the pattern of their movement and dispersal from their point of origin?
• What are the most common obstructions to diffuse knapweed movement?
• What recommendations for management can be made based on the results of this investigation?

7.2 Methodology

The study was conducted in the Buffer Zone at the Site during the winter of 2000-2001.  Three locations
were subjectively selected at the Site (Figure 7-1) on the basis that 1) they contained substantial numbers of
diffuse knapweed plants, and 2) they were located in open areas that receive high winds throughout the
winter months.  At each location, adult plants were marked on October 17 and 18, 2000.  Both larger and
smaller stature plants were selected for marking.  At each location plants were spray painted and tagged
with different colored paint and flagging that uniquely identified their origin location (Figure 7-2).  The
inflorescence and stem of each plant was painted with brightly colored spray paint so that the plant was
visible from a distance.  Each plant stem also had a piece of colored flagging tied to the main stem, above
the lowest branch.  The combination of paint color and flagging color used as well as the number of plants
marked at each location is shown in Table 7-1.  Each plant was also labeled (on the flagging) with the site
ID and a plant number.  A total of 237 plants were marked at all three locations.  The differences in the
number of plants marked at each Site was determined by the number of plants that could be sprayed with
the three cans of spray paint used at each location.  The perimeter of the marked individuals at each
location was located with a GPS unit.  This information was added to the Site GIS.

Throughout the winter (2000-2001) monitoring was conducted to count the number of individuals
remaining in the original marked populations and to locate missing individuals.  Missing individuals were
searched for in the surrounding areas (i.e., primarily downwind).  As individuals were found their site ID
and plant number was noted and their location marked on a map or recorded with a GPS unit.  Monitoring
was conducted in November 2000, and January, March, and April of 2001.

Data were summarized to determine the total number and percentage of plants that blew away from each
site individually and also collectively.  Mean and maximum distances traveled by the plants and plant
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movement distributions were determined using spatial data in the GIS.  Distances were measured from a
center point at each study plot.

In addition, counts of the number of diffuse knapweed plants caught in a north-south fence at the Site were
made to determine the effectiveness of a fence for trapping diffuse knapweed plants.  The fence used for
the study was a 4-strand barbed wire fence with wooden fence posts spaced approximately 4.5 m (14.76 ft.
apart.  The number of plants caught in five sections (each section = 2.25 m [7.38 ft.] in length) were
counted, averaged, and converted to the total number of plants captured per linear kilometer (and per mile)
of fenceline.

7.3 Results

Of all the plants tagged in the plots (237; all sites combined), 132 (56%) blew away during the October
2000 to April 2001 time period (Table 7-2).  Examined by individual plot, plot A lost 45% of its plants;
plot B lost 52%, and plot C lost 70%, during this period (Table 7-2).  The greatest period of movement
occurred between November 2000 and January 2001 (Figure 7-3), when 34% of all tagged plants blew
away.  Individual plot losses were also highest during this same timeframe when plot A lost 32% of its
plants, plot B lost 25%, and plot C lost 45%.

The maximum wind velocity (based on the Rocky Flats meteorological tower data [10m data]) during the
study period was recorded on December 16, 2001 at approximately 134 kph (83 mph).  A total of 28 days
(15%) out of the 185 days in the study period (October 17, 2000 through April 19, 2001) had maximum
wind velocities over 80 kph (50 mph).  Examined by 15 minute timeframes, the total number of time
periods that had maximum wind velocities exceeding 80 kph each month are shown in Figure 7-4.  The
month of December had the greatest number of high wind periods, which correlates well with when the
greatest movement of diffuse knapweed plants occurred.  Throughout the duration of the study the wind
direction was primarily from the northwest.

The maximum distance that an individual diffuse knapweed plant was observed to have moved was
approximately 1,480 m (4,857 feet; plot C; Table 7-3, Figure 7-5).  The average distance that plants that
blew away during the study period traveled was approximately 399 m (1,310 feet; Table 7-3, Figure 7-5).
At individual plots, average diffuse knapweed movement was greatest at plot B (458 m; 1,501 feet) and
least at plot C (334 m; 1,096 feet; Table 7-3, Figure 7-5).  At all plots, the shortest maximum distance
diffuse knapweed was observed to move was 1,120 m (3,676 feet; Plot B, Table 7-3, Figure 7-5).  It should
be noted that 30 percent (40 plants) of the plants that blew away were never relocated.  So it is possible that
some of these distances could be farther than these data show.

The pattern of diffuse knapweed movement from each of the three study plots is shown in Figure 7-6.  In
each case, the general pattern is more or less directly downwind from the origin location with relatively
little lateral spread from the main axis.  There was some slight variation from this at two of the plots.  At
plot A in Woman Creek, most plants blew straight down wind, but a couple plants actually ended up
directly south of the plot.  Because a ridgetop occurs between plot A and the location where the plants were
found, they either blew south directly over the ridgetop or east to the end of the ridge and then back up the
drainage.  In Rock Creek, plot B was located on the northwest edge of the pediment top.  Based on multiple
data points for individual plants, the plants blew southeast across the pediment top until they dropped off
the pediment edge at which point they then blew mostly eastward down the length of the drainage to end up
at the locations where they were last found.  This is consistent with the prevailing winds and the channeling
effect of the terrain in the valleys below the pediment.

Many different obstacles stopped the diffuse knapweed plants as they moved across the landscape.  Many
plants were found at the bottom of embankments or ravines, and just beyond the pediment edges where,
once the plants dropped over the edge, the wind velocity dropped.  Other diffuse knapweed plants were
found stuck in various plants that provided a rough or jagged surface in which the open, branched
knapweed plants could become stuck.  Common species that captured diffuse knapweed plants included
Spanish bayonet (Yucca glauca), skunkbush sumac (Rhus aromatica), coyote willow (Salix exigua), and
leadplant (Amorpha nana).  No plants from this study were found stuck in fencelines, probably because few
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perpendicular fencelines were present downwind of the plots and those fencelines that were present were
fallen down and/or in disrepair.

However, there is plenty of evidence from elsewhere at the Site to show that maintained fencelines can
capture a great abundance of diffuse knapweed plants (Figure7-7).  In spring 2001, the number of diffuse
knapweed plants captured by a north-south fenceline (perpendicular to the general wind direction at the
Site) were counted.  The average number of plants captured by the fence was 119.73 plants per meter of
fence.  This equates to 119,733 plants per linear kilometer (192,651 plants per linear mile) of fence.

On the flat pediment tops or open hillsides there is very little to impede the diffuse knapweed plants and so
they can travel substantial distances in a short period of time.  Qualitative observations of diffuse knapweed
plants moving across an open hillside in high winds in the south Buffer Zone, during the timeframe of this
investigation, showed they could move approximately 762 m (2,500 feet; nearly a 1/2 mile) in a matter of a
few minutes (Nelson 2000).

7.4 Discussion

Diffuse knapweed is a noxious weed that is highly adapted to conditions throughout the western United
States and Canada (Sheley and Larson 1996).  Individual plants produce high amounts of seed that remain
in the seed heads until disturbance of the plant occurs.  Disturbance typically occurs when the plants break
off at ground level and tumble across the landscape, dispersing seed, during high winds (Sheley et al.
1998).  At the Site, windy conditions are common during the winter months and diffuse knapweed is
continually moved across the Site.  This study evaluated the significance of this movement at the Site.

This study indicates that a substantial portion (56%) of the current year’s on-site population of diffuse
knapweed plants may be blown across the Site.  The average distance these plants can move was shown to
be approximately a quarter of a mile with the maximum distance observed at almost one mile.  The pattern
of movement in this study showed a prevailing downwind direction with plants often being caught in
various obstacles.  Given the scale and numbers in which these plants are capable of moving across the
landscape, it is apparent that more traditional control efforts (mechanical, chemical, biological) must also
include methods to prevent the movement of the species beyond current infestation locations.  This is
especially true where annual treatment of adult, seed producing plants is not possible due to the size of
current infestations and associated costs.  Additionally, treated areas must be protected from off-site
immigration of seed dispersing plants to prevent continued addition of new seed, which effectively resets
the seed bank clock.

Table 7-4 illustrates the significance of the problem of not controlling the movement of diffuse knapweed
plants from infested areas.  The fact that approximately 56% of the population of tagged diffuse knapweed
plants blew away during the winter of 2000-2001 represents a significant amount of movement of this
species across the Site.  Results from another study to the north of the Site, on City of Boulder Open Space
in 1997-1998, found that 16-21% of the diffuse knapweed plants blew away at that location (Beck and
Rittenhouse 1999).  Differences in wind speeds during each winter and topographic differences at the
locations likely account for some of the differences observed in these studies.  However, using the 2000
weed mapping data and monitoring data from quantitative studies at the Site, the significance of the
problem of diffuse knapweed movement at the Site can be estimated (Table 7-4).  The table outlines the
initial assumptions and values used to calculate the total number of diffuse knapweed plants estimated to
have moved across the Site during the winter of 2000-2001.

Based on this estimate, over 2.3 million diffuse knapweed plants moved at the Site this year alone.
Combined with the fact that this study showed the average movement distance to be over 396m (1,300 feet;
1/4 mile) and a maximum distance of 1,480 m (4,857 feet; almost 1 mile), there is the potential for a very
large amount of seed being distributed across large areas of the Site annually.  Studies elsewhere have
reported that individual diffuse knapweed plants can produce as much as 925 seeds/plant/year (FEIS 2001).
Another study reported values for diffuse knapweed seed production ranging from 11,200 to 48,100
seeds/m2 (Sheley et al. 1998).  Unpublished data from the University of Colorado, Boulder, has shown that
approximately 18% of seed produced by plants in one year was still present in the seedheads the following
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summer (Lindstrom and Seastedt 2001), suggesting that at a minimum, this amount of seed could have
moved from its original location.  Add to this the fact that some researchers believe it only takes from 0.1%
to 10% of the seeds produced to maintain an existing diffuse knapweed population and the problem of
movement becomes a huge obstacle when trying to control and contain existing infestation while
preventing new infestations (Beck 1999; FEIS 2001).

Diffuse knapweed only reproduces by seed and one of the basic premises of diffuse knapweed control is
that control efforts must reduce seed production.  One of the problems faced at the Site is that although
ground and aerial herbicide applications have been found to effectively control diffuse knapweed
infestations for 2 to 4 years depending on the location (by preventing the development of adult, seed
producing plants), immigration of seed from off-site locations continues to add new seed to the original
seed bank at these locations.  The use of biological and mechanical controls also helps reduce the amount
of seed produced and added to the seed bank each year.  But without a means to prevent the continual
reintroduction of additional seed from off-site immigration (from off-site plants tumbling across the treated
areas) or from on-site uncontrolled infestations, there is little hope of really gaining control and reducing
the size of the infestations in the long-term.

At the Site, the general movement pattern of diffuse knapweed plants follows the wind patterns, which are
generally west to east with some minor modifications resulting from topographic influence (Figure 7-6).
This study suggests that there are numerous obstacles that can capture diffuse knapweed and prevent or at
least slow its movement across the landscape.  These obstacles include embankments, ravines, shrub and
subshrub patches, and fences that capture the plants.  However, many of these obstacles only occur in
isolated patches or in insignificant amounts to have any real impact on the movement of diffuse knapweed
across the Site.  Fence counts of diffuse knapweed plants in spring 2001 at the Site have shown that
substantial numbers of diffuse knapweed plants are captured by fences when they are in the appropriate
positions.  The suggestion has been made for several years that if fencing were strategically located in the
Buffer Zone to capture plants, especially those coming from the mining operations on the western edge of
the Site, we could prevent a major source of the constant reintroduction of seed onto the Site in areas that
have been treated with herbicides.  Additionally, if fencing were placed downwind of the highest density
infestations at the Site, we could also more effectively prevent its movement into currently uninfested areas
of the Site.  The use of fencing would require the occasional removal of the collected diffuse knapweed
plants and either burning or burying them.  But used in conjunction with other control methods, a greater
long-term effective control of this species at the Site would likely occur.

7.5 Conclusions

Diffuse knapweed movement (i.e., dispersal) is a major aspect of its control that is often overlooked and/or
not integrated into management programs.  Results of this study have shown that over half the plants in an
infestation can become mobile and disperse during periods of high wind, resulting in the potential for
significant movement of seed.  Blocking the movement of individual diffuse knapweed plants from current
infestations and from off-site locations with strategically located fencing could be an effective tool, in
addition to current control measures, for reducing and controlling the diffuse knapweed problem at the Site.
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8. 2001 Small Mammal Mounds Vegetation Monitoring
Summary

8.1 Introduction

The xeric tallgrass prairie is a relict grassland along the Front Range of Colorado.  The Rocky Flats
Environmental Technology Site (the Site) and City of Boulder Open Space and Mountain Parks
Department own and manage the largest known remaining parcels of this plant community type in North
America (CNHP 1995).  Currently one of the greatest challenges for resource management of the xeric
tallgrass prairie is the invasion of noxious weeds, in particular, diffuse knapweed (Centaurea diffusa).
Using an integrated weed management program employing mechanical, biological, and chemical controls,
substantial gains have been made in reducing the infestation levels of diffuse knapweed on the xeric
tallgrass prairie at many locations at the Site.  However, it has been observed that the hundreds of small
mammal mounds that dot the xeric tallgrass prairie are a constant problem and source for renewed diffuse
knapweed infestations, presumably because of their state of constant disturbance.  In 2001, a study was
conducted at the Site to evaluate the significance and role these small mammal mounds have with regard to
noxious weed infestations and the native plant communities.  The following questions were proposed for
investigation:

• What is the density of small mammal mounds on the xeric tallgrass prairie?
• What percentage of the small mammal mounds are active?
• Does the species composition of the vegetation on the small mammal mounds differ from that of the

surrounding intermound areas or between active and apparently non-active small mammal mounds?
• Are noxious weeds more abundant on the small mammal mounds compared to the surrounding

intermound areas or between active and apparently non-active small mammal mounds?
• What effects do chemical herbicides have on the species composition and noxious weed abundance on

the small mammal mounds?

8.2 Background

The study area is located on the Rocky Flats Alluvium, a glacial outwash fan, originating from Coal Creek
canyon, southwest of the Site.  The soil type on the gentle east sloping pediment tops is classified as the
Flatirons very cobbly sandy loam (SCS 1980).  The mounds themselves appear as circles on the prairie,
varying from approximately 9-m to 18-m across and 15-cm to 20-cm in vertical height (Figure 8-1;
Branson et al. 1965).  The origin of the mounds on the Rocky Flats Alluvium has been under question for
several decades.  The mounds appear on the earliest aerial photographs of the Site (dated 1937).  Branson et
al. (1965) investigated the vegetation and soil characteristics of the mounds in an area southwest of the Site
and concluded that although the mounds had been present for at least 100 years based on historic wagon
trails in the area, they were still recently disturbed.  He concluded that pocket gopher (Thomomys talpoides)
activity was most likely the causative reason for the mounds.  Other more recent theories for the mound
origins revolve around the idea of historic prairie dog towns that were abandoned, taken over, and
maintained by other burrowing small mammals (Murdock 2001).  Small mammal trapping conducted
within the study area and at nearby locations on the xeric tallgrass prairie at the Site during 2001 found deer
mice (Peromyscus maniculatus), plains harvest mice (Reithrodontomys montanus), hispid pocket mice
(Chaetodipus hispidus), western harvest mice (Reithrodontomys megalotis), prairie voles (Microtus
ochrogaster), plains pocket mice (Perognathus flavescens), house mice (Mus musculus), and 13-lined
groundsquirrels (Spermophilus tridecemlineatus), to be common inhabitants of the mound areas (K-H
2002).
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8.3 Methods

The study was conducted in the south Buffer Zone (BZ) at the Site during 2001 (Figure 8-1).  Within the
boundaries of the study area, the location of every small mammal mound was flagged and located with
GPS equipment.  Each small mammal mound was classified as: active mounds - treated (i.e., with
herbicides) and untreated, and non-active mounds - treated and untreated.  Active mounds were identified
as those with small mammal holes and/or recently disturbed soil present on the surface of the mound.  Non-
active mounds were those that had no evidence of recent small mammal use.  Classification was done in the
early spring before greenup, when the surface of the mounds was most visible.  The treated and untreated
mound classification was based on whether the mounds had received a herbicide application.  This was
possible because in 1999, when the area was treated by helicopter with Tordon22K, portions of some
flightlines were missed.  Selection of mounds for the study was done randomly as follows.  First, two
exclusion areas were delineated within the overall study boundary where additional herbicide applications
had been conducted in the past (Figure 8-1).  All mounds that fell within these areas were excluded from
selection for the actual study.  Thus for this study all treated areas had received only the spring 1999
herbicide application of Tordon22K.  From the remaining small mammal mounds, 30 active-treated, 30
active-not treated, 30 not active-treated, and 30 not active-not treated mounds were randomly selected for
sampling.  Intermound areas were randomly selected in both treated and untreated areas using a
randomization script in the ArcView GIS software.  The intermound areas are considered the “control
plots” for the treated and untreated areas, with the untreated intermound areas representing the “control
plot” for the entire study.  Thirty treated-intermound locations and 30 untreated-intermound locations were
selected.  Thus a total of 120 small mammal mounds and 60 intermound areas were characterized.  Notes
were also made as to whether individual small mammal mounds had anthills present on them or not.  The
classification codes used for the tables and figures are as follows: TA = active treated, TI = treated
intermound, TN = non active treated, UA = active untreated, UI = untreated intermound,
UN = non active untreated.

The following assumptions are made for this study:
1. Prior to small mammal disturbance, the entire study area had a species composition like that of the

untreated intermound areas.  Thus the untreated intermound area is the control to which all the other
classifications will be compared.

2. Treated classifications had a species composition like that of their untreated counterpart prior to
herbicide application.

The vegetation fieldwork was conducted in July 2001.  At each selected mound and intermound location a
2-m circle plot (1-m radius) was centered on the mound (Figure 8-2).  Species richness and a visual
estimate of cover for each species was recorded on datasheets for each plot.  A visual estimate of cover was
made using the following cover class system: 1 < 5%, 2 = 6-25%, 3 = 26-50%, 4 = 51-75, 5 = 76-100%.

Species richness data were summarized by generating species lists for each of the six small mammal
mound classifications and calculating the mean number of species per plot for each classification.  A
Sorensen coefficient of similarity was used to assess the species richness similarity between the mound
classifications (Brower and Zar 1977).  Species frequency and cover were calculated from the cover data.
Frequency based on the plots (n=30 per classification) was defined as the number of plots in which a
species was recorded, divided by 30 (the total number of quadrats possible), multiplied by 100.  Midpoints
of cover classes were used for cover data analyses.  The midpoints used were 1 = 2.5%, 2 = 15%,
3 = 37.5%, 4 = 62.5%, and 5 = 87.5%.  Relative foliar cover was defined as the mean cover of a species
(n=30) relative to the total cover of all species recorded per plot (i.e., the percent of total vegetative cover
[100 percent] represented by the species).  A Shannon-Weaver diversity index was used to calculate
diversity for each mound classification and was conducted using the relative foliar cover data (Brower and
Zar 1977).  Statistical analysis of the results was conducted only when mean values were different enough
to suggest a meaningful interpretation.  Where normality, variance, and independence requirements were
met, parametric tests were used to compare results; otherwise non-parametric tests were used.  One way
analysis of variance (ANOVA) or Kruskal-Wallace one way analysis of variance on ranks (KW) were used
for most analyses.  Occasionally a t-test was used for some analyses.  Untreated data and treated data were
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analyzed separately except in cases where comparisons of untreated to treated areas were done.  In the
latter case all the data were analyzed together.  A Bonferroni multiple comparison test was used to
determine which classifications were different from each other after ANOVA tests.  A Tukey multiple
comparison test was used for the KW tests.  Statistical analyses were conducted using a SigmaStat software
package (SigmaStat 1997).  A detrended correspondence analysis (DCA; PC-ORD 1999) ordination
technique was used to evaluate the relationships between all treated and untreated active and non-active
mounds, and intermound areas based on species abundance’s.

8.4 Results

The study area encompassed approximately 28.3 hectares (70 acres).  A total of 287 small mammal mounds
were mapped initially and characterized prior to selection for the vegetation aspect of the study.  The small
mammal mound density in the study area was approximately 10 mounds/hectare (4 mounds/acre).  Of these
287 mounds, 122 (43%) were active mounds and 165 (57%) were non-active mounds.  Anthills were
present on 61 (21%) of all the mounds with no preference for active or non-active mounds (occurring on
21% of either classification).

A total of 112 plant species (74% native) were recorded from all plots during this study.  The greatest
number of species was found on the untreated active mounds (75) while the treated intermound areas had
the fewest species (58; Table 8-1).  The untreated mounds, both active and non-active, had 13 and 11
species more, respectively, than the untreated intermound area (Table 8-1).  The mean number of species
per plot was significantly higher in untreated areas (15.5) compared to the treated areas (12.5; T-test, t =
4.163 df = 178, P < 0.001; Table 8-1).  The non-active untreated mounds had the highest mean species
richness (16.6 species/plot) while the active treated mounds had the lowest mean species richness (10.7
species/plot; Table 8-1).  No statistically significant differences were observed in the mean number of
species per plot between any of the untreated classifications (P > 0.05).  In the treated areas, however, a
significant difference in the mean number of species was observed only between the active treated mounds
(10.7) and the non-active treated mounds (13.6; ANOVA, F2,87 = 3.589, P < 0.05; Table 8-1).  The
intermound areas in both the treated and untreated classifications had a slightly higher percentage of native
species than the mounds in their respective categories (Table 8-1).

A Sorensen coefficient of similarity was used to compare species richness similarity between
classifications.  The untreated intermound areas (the control) were compared to each of the other
classifications.  The highest similarity for all comparisons was between the untreated intermound and
treated intermound areas (0.83; Table 8-2).  The next highest similarities were between the untreated
intermound areas and the non-active untreated (0.73) and non-active treated mounds (0.75; Table 8-2).  The
lowest similarity was with the active mounds (both untreated [0.66] and treated [0.60]; Table 8-2).

Species diversity (Shannon-Weaver diversity index) was the highest on both the active untreated and non-
active untreated mounds (1.277 and 1.274, respectively; Table 8-1).  The untreated intermound area had
slightly lower species diversity at 1.128 (Table 8-1).  The species diversity was slightly lower in the treated
areas for each of the respective classifications compared to the untreated areas (Table 8-1).

The species composition of the vegetation present on the different mound and intermound classifications
varied substantially, dependent on the amount of disturbance and whether or not the area had been treated
with the herbicide.  Table 8-3 shows the frequency and foliar cover amounts for each species by mound and
intermound classification.  In the untreated areas, total forb cover was significantly higher on the active
(33.8%) and non-active (39.8%) mounds compared to the intermound areas (15.8%; ANOVA,
F2,87 = 16.728, P < 0.001; Table 8-3, Figure 8-3).  Most of this difference was attributable to significantly
higher amounts of non-native forb cover on the untreated mounds compared to the untreated intermound
areas (Kruskal-Wallis One Way Analysis of Variance on Ranks, H = 43.697, P < 0.001;Table 8-3,
Figure 8-3).  Over 63% of the mound forb cover comes from non-native species while less than 20% of the
intermound cover is from non-native forbs.  Much of this difference was due to the significantly higher
amounts of diffuse knapweed cover on the untreated mounds (active = 11.5%, non-active = 18.5%)
compared to the untreated intermound areas (0.8%; Kruskal-Wallis One Way Analysis of Variance on
Ranks, H = 30.151, P < 0.001; Table 8-3).
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In areas treated with herbicides, both active and non-active mound total forb cover was significantly less by
over 50% compared to their respective untreated mounds (Kruskal-Wallis One Way Analysis of Variance
on Ranks, H = 55.883, P < 0.001; Table 8-3, Figure 8-3).  Most of the lower forb cover was from
significantly less non-native forb species cover (Kruskal-Wallis One Way Analysis of Variance on Ranks,
H = 86.143, P < 0.001; Table 8-3, Figure 8-3) with much of this coming from significantly lower diffuse
knapweed cover amounts (Kruskal-Wallis One Way Analysis of Variance on Ranks, H = 73.058, P <
0.001; Table 8-3).  No significantly lower total forb cover or non-native forb cover was observed between
the treated and untreated intermound areas (P > 0.05; Table 8-3, Figure 8-3).  No significant difference in
native forb cover was observed between the treated versus untreated classifications, with the exception of
the active treated and active untreated mounds (Kruskal-Wallis One Way Analysis of Variance on Ranks,
H = 13.192, P < 0.05; Table 8-3, Figure 8-3).

The frequencies of several Colorado state-listed noxious weeds are shown in Figure 8-4.  Only data from
the untreated classifications, where the species occurred in more than one plot (frequency value > 3.3%),
are shown.  In every case except one, the noxious weeds occurred in higher frequency on the mounds
compared to the intermound areas (Figure 8-4).  The most commonly occurring noxious weeds on the
mounds are downy brome (Bromus tectorum), diffuse knapweed, Dalmatian toadflax (Linaria dalmatica),
and Japanese brome (Bromus japonicus; Figure 8-4).  The only noxious weed that occurred with a higher
frequency on the intermound areas was St. John’s-wort (Hypericum perforatum; Figure 8-4).

In the untreated areas, graminoid cover was significantly higher at the intermound areas (82.6%) compared
to the active untreated mounds (63.9%) and non-active untreated mounds (58.9%; ANOVA, F2,87 = 16.276,
P < 0.001; Table 8-3, Figure 8-5).  In the treated areas, graminoid cover was significantly higher on the
active and non-active mounds compared to their untreated counterparts (Kruskal-Wallis One Way Analysis
of Variance on Ranks, H = 56.941, P < 0.001; Table 8-3, Figure 8-5).  The higher graminoid cover in the
treated areas, however, was largely from non-native graminoids (Table 8-3, Figure 8-5).  On the active
treated mounds, the increase came mostly from downy brome and Kentucky bluegrass (Poa pratensis;
Table 8-3), both cool-season, non-native graminoids.  On the non-active treated mounds, the increase was
largely from Canada bluegrass (Poa compressa; Table 8-3), also a cool-season, non-native species.

Warm-season graminoid cover was significantly higher at the untreated intermound areas (21.0%)
compared to the active untreated (3.3%) or non-active untreated mounds (4.8%; Kruskal-Wallis One Way
Analysis of Variance on Ranks, H = 39.510, P < 0.001; Table 8-3, Figure 8-6).  In the treated areas, warm-
season graminoid cover was also significantly higher in the intermound area (28.3%) compared to the non-
active mounds (9.1%), and active mounds (7.5%; Kruskal-Wallis One Way Analysis of Variance on Ranks,
H = 29.784, P < 0.001; Table 8-3, Figure 8-6).  Warm-season graminoid cover differences within
classification type between untreated and treated areas were not significantly however (P > 0.05).  Cool-
season graminoid cover was not significantly different between the three untreated classifications (P > 0.05;
Table 8-3, Figure 8-6).  In the treated classifications, however, the both the active (77.2%) and non-active
mounds (70.5%) had significantly higher cool-season graminoid cover than the intermound area (58.1%;
ANOVA, F2,87 = 8.100, P < 0.001; Table 8-3, Figure 8-6).

The four dominant species for each of the mound and intermound classifications are presented in Table 8-4.
The intermound areas (both untreated and treated) are dominated by Canada bluegrass, Kentucky bluegrass,
big bluestem (Andropogon gerardii), and mountain muhly (Muhlenbergia montana).  The small mammal
mounds (both untreated and treated) are dominated largely by downy brome, Kentucky bluegrass, and
Canada bluegrass.  However, on the untreated small mammal mounds, diffuse knapweed is a dominant
species on both the active and non-active mounds.  On the treated small mammal mounds, diffuse
knapweed cover dropped significantly and needle and threadgrass (Stipa comata) became a dominant
species.

Evaluation of the species frequency data showed that several species have affinities for either the disturbed
mounds or the undisturbed intermound areas.  For this analysis, only the untreated mound and intermound
frequency data were used (Table 8-3).  A species was listed as having an affinity for disturbed areas if both
the active untreated and non-active untreated mound frequency for a given species was at least 10% higher
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than that of the untreated intermound area.  If the untreated intermound frequency for a species was at least
10% higher than both the active untreated and non-active untreated mound frequencies, then the species
was listed as having an affinity for undisturbed areas (i.e. intermound areas).  Table 8-5 lists the species
with affinities towards disturbed areas and undisturbed areas.  Of the species with affinities for undisturbed
areas, 73% are graminoids, with 10 of 11 (91%) graminoids being native, perennial species.  Seven of the
11 graminoids (64%) were warm-season species.  Overall, 87% of the undisturbed affinity species are
native species.  Only 27% of the species with affinities for undisturbed areas were forbs.  The opposite is
the case for the disturbed areas where forbs account for 76% of the species.  Graminoids only account for
24% of the species with affinities for disturbed areas and of these all were cool-season species (2 native, 2
non-native).  No warm-season graminoids showed affinities towards disturbed areas.  Overall, only 53% of
the disturbed area affinity species were native.

A detrended correspondence analysis (DCA; an ordination technique) using species richness and cover
data, was used to evaluate the relationship of the untreated intermound (control) areas to the active
untreated and non-active untreated mounds.  The unit of measure was each of the 90 plots that were
sampled in the untreated areas.  Figure 8-7 shows that the intermound plots segregated to the far right of
axis  1, while the plots that were located on the small mammal mounds, regardless of whether they were
active or non-active showed little separation based on overall species composition.  Thus axis 1 is most
likely a measure of disturbance, with the plots on the left side of the figure representing the greatest
disturbance and least similarity in species composition, compared to the undisturbed intermound plots on
the right side (Figure 8-7).

Because this analysis included all species present in each plot, and little separation between the mounds
themselves was seen, two other DCA ordinations were conducted.  One was done using only the four
dominant species for each classification type listed in Table 8-4.  All six classifications were used for this
ordination.  Figure 8-8 shows the results of this analysis.  Using only the four species from each
classification that provided the highest cover amounts, substantial separation of all the mounds and
intermound areas becomes apparent.  The intermound areas (untreated and treated) separate distinctly to the
far left of the small mammal mounds.  Additionally, distinct separation of the different classifications of
small mammal mounds also occurs.  Active mounds and non-active mounds become distinct with the non-
active mounds most similar to the intermound areas.  The effect of the herbicide applications also stands
out with the treated active and non-active mounds shifting closer to the intermound areas on axis  1 while
shifting away from the untreated active and non-active mounds on axis  2.

A third DCA was conducted using the complete species list and cover values for each of the six
classifications.  Results of this, shown in Figure 8-9, and look very much like that in Figure 8-8 with the
exception of more separation along axis  2.  In Figures 8-8 and 8-9, axis  1 seems to best describe a measure
of disturbance with the least disturbed areas (the intermound areas) being on the left and most disturbed
(active mounds) being on the right.  Axis 2 seems related to the herbicide application and the resulting
losses of non-native forb cover.  The larger shift seen among the small mammal mound positions may be
because of the much higher losses of non-native forb cover these areas experienced after treatment as
compared to that at the intermound locations (Table 8-3, Figure 8-3).

8.5 Discussion

During 2001, a study was conducted at the Site to characterize the vegetation on the small mammal mounds
commonly found on the xeric tallgrass prairie and evaluate the significance and role they play with respect
to plant community composition and noxious weed infestations.  While the nature and origin of the small
mammal mounds on the Rocky Flats Alluvium is still uncertain, the impact these mounds have on the plant
communities is not.

The plant communities on the small mammal mounds are distinct from that of the surrounding intermound
areas.  The various measures of species richness, species diversity, species similarity, species cover, and
ordination results all show substantial differences in the species composition of the plant communities on
the small mammal mounds compared to the intermound areas.  Additionally, similarity indices and
ordination results show that compositional differences also exist between the active and non-active
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mounds, with the active mounds being the least similar to the intermound areas.  Disturbance and whether
the mounds are still actively being disturbed and/or how long ago it stopped seems to account for most of
the composition differences observed.

Two key differences in the species composition on the small mammal mounds are the lack of warm-season
native perennial graminoid cover and the high abundance of non-native forbs.  The lack of the warm-season
graminoid species is particularly significant because many of these species (big bluestem, little bluestem
[Andropogon scoparius], and mountain muhly) are the dominant species of the rare xeric tallgrass prairie
community type.  In addition, Indian grass (Sorghastrum nutans), side-oats grama (Bouteloua
curtipendula), blue grama (Bouteloua gracilis), buffalo grass (Buchloe dactyloides), other warm-season
species, also had reduced frequency and cover on the small mammal mounds.  So the presence of the small
mammal mounds has limited the overall abundance of many of the dominant xeric tallgrass prairie species
on the prairie.  Qualitative observations from other locations at the Site, where projects have scraped off the
surface soil, but not killed or removed the root systems of the tallgrass prairie plants, have shown that these
native warm-season species will usually return in one or two seasons.  However, in this case or others
where the root systems of these native species have been destroyed and the soil profile has been altered,
recovery times are much longer and it is questionable as to whether the native composition will ever return.
The continued disturbance as seen on the small mammal mounds inhibits the return of these species and the
native community.

Perhaps even more significant from a resource management standpoint however, is the role the mounds
have today and will have in the future with respect to noxious weeds.  Examination of the entire species list
from the study Branson et al. (1965) conducted on the small mammal mounds in 1960 show only four non-
native species listed, Japanese brome, downy brome, Kentucky bluegrass, and goat’s beard (Tragopogon
dubius).  Of these, only downy brome (50%) and Kentucky bluegrass (1.5%) were reported for the mounds,
with these two species providing 51.5% of the total foliar cover.  This compares with 22 non-native forb
species and six non-native graminoid species that were recorded on the small mammal mounds during this
study and averaged approximately 64% of the cover on the untreated mounds (Table 8-3).  Of the non-
native species found on the mounds in 2001, 13 species are considered noxious weeds under Colorado state
law (CRS 1996).  Differences in methodology and/or climatic conditions at the time of the studies may
account for some of the differences in the total numbers of species observed and resulting cover values
between these studies.  However, it does not seem unwarranted to suggest that the number and abundance
of non-native species available for invasion into disturbed habitats is probably substantially higher in the
region today than it was 40 years ago.  Thus environmental factors are different now and although the
Branson et al. (1965) data show the small mammal mounds dominated largely by a single non-native
species, downy brome, today the disturbances present on the small mammal mounds provide habitat for a
great diversity noxious forb and graminoid species.

In 2001, overall non-native forb cover is significantly higher on the untreated mounds by a factor of six to
eight times when compared to the untreated intermound areas (Table 8-3, Figure 8-3).  As a result, the
small mammal mounds act as weed islands, in an otherwise generally undisturbed prairie matrix, allowing
for the establishment and propagation of noxious weeds.  The frequency of noxious weeds like downy
brome, diffuse knapweed, Dalmatian toadflax, common mullein (Verbascum thapsus), Canada thistle
(Cirsium arvense), and musk thistle (Carduus nutans), is much higher on the mounds than in the
intermound areas (Figure 8-4).  Qualitative observations and these data substantiate the fact that many of
these noxious weeds first establish on the prairie where disturbance occurs (i.e., often on the small mammal
mounds).  The species establish and increase in abundance and then begin to spread into the surrounding
undisturbed prairie.  The significance of the problem with the small mammal mounds is magnified when
one considers that these mounds occur across most of the xeric tallgrass prairie with mound densities
averaging 10 mounds/hectare (4 mounds/acre).  Thus if each of these mounds is a weed island, a disturbed
area providing suitable conditions for noxious weed species establishment, instead of having perhaps a few
larger patches or areas that need control, one now has hundreds of small infestations that each need control
in order to prevent spread into the surrounding intermound areas.  In addition, observations of areas at the
Site where aerial herbicide applications have been made on the xeric tallgrass prairie, suggest that control is
less effective and of shorter duration on the small mammal mounds than elsewhere on the prairie.
Typically after an application of Tordon22K, diffuse knapweed comes back within a year or two on the
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mounds while it takes three or four years for it to start returning substantially in the intermound areas.
Thus a “blanket” control approach (i.e., spraying the entire prairie rather than just the individual mounds) is
having only limited long-term success on the mounds.

Several challenges exist from a resource management standpoint.  The data suggest that if the disturbance
of the small mammal mounds were to be stopped there would be some return to a more native community
on the mounds.  Decades ago, natural succession to a more native community would have occurred more or
less naturally, without any intervention.  In today’s environment however, given the invasive species
present at the Site and on nearby lands, this is not as likely to occur without some help.  This of course is all
based on the invalid assumption that the disturbance from small mammals could be or is desired to be
stopped.  Since the small mammals presently active on these mounds are an integral part of the ecosystem,
this is not a valid or practical solution.

Regarding the use of herbicides, the data show that after treatment, the non-native forb cover was reduced
significantly on the small mammal mounds (Table 8-3, Figure 8-3).  Cover of diffuse knapweed, the most
abundant noxious weed on the mounds, was significantly reduced on the mounds (by >92% after treatment;
Table 8-3).  Thus with respect to the non-native forb component of the plant community on the mounds a
substantial decrease occurred after the herbicide application.  However, overall non-native cover did not
significantly change on the mounds after treatment, because the non-native graminoid cover increased
significantly (Table 8-3, Figure 8-5).  Therefore, although the non-native forbs were reduced by the
herbicide application, the non-native graminoids took advantage of the reduced competition and
significantly increased in cover.  No significant changes in non-native forb or non-native graminoid cover
was observed at the intermound locations. (Table 8-3, Figures 8-3 and 8-5).  So a problem exists on the
mounds in that while the use of herbicides can reduce much of the non-native forb cover, it also tends to
increase the non-native graminoid cover.  The increase in non-native graminoid cover results largely
because the native, warm-season species are not available in sufficient quantities on the mounds to be able
to take advantage of the reduction in competition and effect a shift in species composition.  Thus from the
management goal of trying to preserve and sustain the native xeric tallgrass prairie, the use of herbicides
alone on the mounds has not been very effective.  Dominance by one group of non-native species has been
exchanged for another.

Another alternative is to reseed the mounds with native species to increase competition with the non-native
species.  The fact that few of the native, warm-season perennial grasses occur on the mounds today
suggests that reseeding with these species, given the continuing disturbance by small mammals, would
likely fail.  However, examination of the list of species that have affinities for the mounds reveals several
native species that might be best suited for seeding.  Needle and threadgrass and sun sedge (Carex
heliophila), both native graminoids, were relatively common on the mounds (Tables 8-3 and 8-5).  Several
native forbs including western sagewort (Artemesia campestris), fringed sage (Artemesia frigida), hairy
goldenaster (Chrysopsis villosa ), green penstemon (Penstemon virens), wild alfalfa (Psoralea tenuiflora),
and prairie coneflower (Ratibida columnifera), also showed affinity for the mounds (Table 8-5).  Seeding
with these species could help increase the cover of natives on the mounds and increase competition for the
non-natives.  Combined with more selective herbicide applications, this could help reduce the
establishment and spread of non-natives on and from the small mammal mounds.

Biocontrol insects could also be released for those species that have biocontrols available.  For diffuse
knapweed in particular, several insects used in combination have been shown to be effective on Boulder
County Open Space property to the north of the Site (Seastedt et al. 2001).  Although these species have
been released and are beginning to establish at the Site, to date most releases have been in the drainage
bottoms where herbicide applications are impractical.  Future releases should begin to focus on specific
upland areas, and if used in conjunction with reseeding efforts, could eventually help to shift the species
composition of the mounds to a more native plant community.

The lack of warm-season native graminoid cover and the high amount of forb cover on the small mammal
mounds may also be indicative of higher nitrogen levels on the mounds compared to the intermound areas.
Nitrogen additions to native prairies have previously been shown to decrease warm-season graminoid
abundance while increasing cool-season graminoid cover and overall forb cover (Gillen et al. 1987, Rauzi
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1979, Wight 1976, Morghan and Seastedt 1999).  Recent studies have suggested that nitrogen levels in
native ecosystems in Colorado and across much of the country are increasing as a result of human activities
(atmospheric deposition, lack of fire, cattle grazing) and these increases may be responsible for the noxious
weed problems we are increasingly facing (Baron et al. 2000, Lee and Caporn 1998, LeJuence and Seastedt
2001, SERG 2002).  Perhaps higher nitrogen levels, the lack of fire, and the constant disturbance are
preventing the warm-season, perennial graminoid species from establishing on the mounds.

Data from other monitoring efforts on the xeric tallgrass prairie at the Site have documented the high cover
amounts of non-native, cool-season graminoids and have suggested the use of fire to reduce the presence of
these species (DOE 1995; K-H 1998; K-H 2001).  In spring 2000, a small prescribed fire was used on the
xeric tallgrass prairie in the south Buffer Zone at the Site.  Monitoring results from this study showed that
in the summer following the fire the warm-season graminoid cover (all native species) had increased
significantly while the cool-season graminoid cover (80% from non-native species) had decreased
significantly (K-H 2001).  The fire shifted dominance in the community from cool-season dominated to
warm-season dominated.  Prescribed fire is an important tool for management of the xeric tallgrass prairie
and can be used to decrease the abundance of non-native graminoids.  Its use should be continued were
feasible to further enhance conditions for the desired species.

8.6 Conclusions

The small mammal mounds on the xeric tallgrass prairie at the Site have a distinctly different plant
community composition than that of the intermound areas.  The mounds are generally devoid of the native,
warm-season, perennial graminoid species that are common in the intermound areas.  Instead they are
dominated by non-native, cool-season forb and graminoid species.  The mounds are in effect “weed
islands” on the prairie and noxious weeds such as diffuse knapweed, Dalmatian toadflax, and downy
brome, all occur with much higher frequency on the mounds than on the intermound areas.  The high
density of mounds on the prairie creates challenge for resource management because each individual
mound requires management.  The long-term preservation and sustainability of the native xeric tallgrass
prairie that exists between the mounds will require some innovative management given the presence and
abundance of noxious weeds that are available to colonize the mounds in today’s regional environment.
Management will need to integrate a variety of management tools including reseeding, biocontrol releases,
chemical control, and prescribed fire.
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9. 2001 Landfill Revegetation Monitoring Summary

9.1 Purpose

Monitoring was conducted during fall 2001 to evaluate the revegetation efforts on the landfill cover at the
Rocky Flats Environmental Technology Site.  The study was conducted as part of a project that was
evaluating methane at the landfill.  The goal was to quantify the vegetation composition and qualitatively
assess the condition of the vegetation on the landfill cover.

9.2 Background Information

The landfill cover was seeded with native species in spring 1998 (Table 9-1).  In May 1999, the landfill
cover was sprayed with Tordon22K by helicopter to control the noxious weed diffuse knapweed
(Centaurea diffusa) that was becoming a problem on the cover.

9.3 Methods

In late September 2001, species composition was measured on the landfill cover using a point-intercept
methodology.  A total of five 50-m transects were monitored (Figure 9-1).  The transects were located
parallel to two methane sampling transects that were established on top of the cover.  Three were located
parallel to the E-W transect and two were located along the N-S transect.  Endpoints of all transects were
recorded using global positioning system (GPS) equipment for entry into the Site geographic information
system (GIS).

Basal cover and foliar cover were estimated using a point-intercept method along each 50-m transect.  A
2-m-long, 6-mm-diameter rod was dropped vertically at 50-cm intervals along the length of the transect to
record a total of 100 intercept points.  Two categories of hits were reorded, basal and foliar.  Basal cover
hits were recorded based on what material was hit by the rod at the ground surface.  Hits could be
vegetation (live plants), litter (fallen dead material), rock (pebbles and cobbles greater than the rod
diameter), bare ground, or water, in that order of priority based on the protection from erosion provided by
each type of cover.  Vegetation hits were identified to species.  Basal vegetation hits were recorded only if
the rod was touching the stem or crown of the plant where the plant entered the ground.  Foliar vegetation
hits (defined as a portion of a plant touching the rod) were recorded by species in three categories as
defined by height and growth form.  The topmost hit of each growth form was recorded.  The growth forms
measured were herbaceous, woody <2 m in height, and woody >2 m in height.

Additionally, a single photograph was taken of each transect to visually document the condition of the
transects.  Photographs were taken from near the 0-m end of the transect looking toward the 50-m endpoint.
A placard was placed in the photograph against the 0-m endpoint to provide the site and transect number,
and date.

For more detailed information on these methods see, the Ecological Monitoring Program, Final Program
Plan (DOE 1993), the Environmental Management Operating Procedures Manual, Volume V, Ecology, 5-
51200-OPS-EE (DOE 1995).

Cover data were summarized for both basal and foliar cover by combining the data from the five transects.
Basal cover data are reported as total percent cover of vegetation, litter, rock, and bare ground.  Foliar
cover data are reported as frequency, absolute cover, and relative cover for each species encountered.
Frequency from the cover data was defined as the percent of point-intercept transects on which a species
occurred, out of the total possible five sampled at each site.  Absolute foliar cover was the percentage of the
number of hits on a species out of the total number of hits possible at a site (500).  This value is the actual
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cover of a species.  Relative foliar cover was the number of hits a species had relative to the total number of
vegetative hits recorded per site (i.e., the percent of total vegetative cover [100 percent] represented by the
species).  Both absolute and relative foliar cover values are presented as means.  A Shannon-Weaver
diversity index (Brower and Zar 1977) was used to estimate diversity for each dataset and was calculated
using the relative foliar cover data.  Data are compared to previously sampled native grassland locations in
the Buffer Zone at the Site.

9.4 Results

A total of 25 species were recorded at LF1 (the landfill monitoring site name) in 2001.  Of these, 56 percent
were native species.  Total vegetation foliar cover at LF1 is 71.2 percent (Table 9-2).  Basal or ground
cover on the landfill cover is dominated by rock (41.2 percent), litter (28.6 percent), bare ground (23
percent), and vegetation (7.2 percent).  The vegetation on the landfill cover is dominated by graminoid
species that comprise approximately 92 percent of the total relative foliar cover.  The dominant plant
species are blue grama (Bouteloua gracilis), western wheatgrass (Agropyron smithii), buffalo grass
(Buchloe dactlyoides), and side-oats grama (Bouteloua curtipendula; Table 9-2), all of which are native,
perennial grass species.  Total relative native species cover on the landfill cover is approximately 89
percent with 85 percent of this coming from native grasses (Table 9-2).  Graminoid cover was dominated
by warm-season species which comprise approximately 74 percent of the total relative foliar cover
(Table 9-2).  Approximately 18 percent of the total foliar cover comes from cool-season graminoids.  Forbs
account for only approximately 8 percent of the total foliar cover.  A Shannon-Weaver diversity index
value of 0.88 was calculated from the relative foliar cover data.

9.5 Discussion

Vegetation monitoring of the landfill cover was conducted to evaluate the condition of the revegetation
efforts that were begun in 1998 and to provide information on the vegetation composition for a methane
study on the landfill cover.  The vegetation on the landfill cover in 2001 is predominantly native, warm-
season, perennial, graminoid species.  It is dominated by blue grama (which accounts for almost half the
total relative foliar cover [46.6 percent]) on the cover), western wheatgrass, buffalo grass, and side-oats
grama, all of which were planted species in the seed mix (Table 9-2).  Other seeded species that accounted
for smaller cover amounts included big bluestem (Andropogon gerardii) and little bluestem (Andropogon
scoparius; Table 9-2).  Compared to native plant communities at the Site, the vegetation on the landfill
cover has the greatest similarity to that of the mesic mixed grassland, the dominant native grassland
community at the Site (K-H 2001).  The health and vigor of these grasses on the landfill cover is very good,
as indicated by the size of the plants and amount of flowering observed during sampling.  No sign of
chlorosis or wilting was observed.  Although total vegetation cover on the cover is approximately 15-20
percent below that of the native grasslands in an average year (K-H 2001), the plants have begun to spread
and fill in the spaces between the initial seeding rows.  Thus overall vegetation cover should increase over
the next few years.  From a revegetation standpoint, however, the vegetation on the landfill cover is already
a success because the amount of native species cover is already equal to or greater than that found on the
native grasslands.  In addition, weeds are not currently a major component of the landfill cover vegetation.
The success of this effort goes far beyond that found at most other revegetation efforts undertaken at the
Site in recent years.

Species diversity on the landfill cover is still somewhat low (Shannon-Weaver index = 0.880) compared to
the native mesic mixed grassland which in 2000 ranged in diversity from 0.984 to 1.276 at three different
locations.  However, the lower diversity is not unexpected given that only one forb species was in the seed
mix planted on the landfill cover and considering that the landfill cover was also sprayed with
Tordon22K, a broadleaf herbicide, used to control diffuse knapweed, in 1999.  Eventually more forbs may
immigrate onto the cover, increasing diversity.  Currently noxious weeds, mainly diffuse knapweed, were
only noticed at a few spotty locations.

Ground cover on the landfill cover is dominated by rock (41.2 percent).  The amount of rock and bare
ground (23 percent) cover combined (64.2 percent) is considerably higher than that found in the native
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mesic mixed grassland community at the Site.  In 2000, at three locations on the mesic mixed grassland,
rock cover ranged from 8.4 to 23 percent while bare ground cover varied from 2.6 to 9.2 percent.  Much of
this is due to the low level of litter cover currently present on the landfill cover (28.6 percent), which is far
below that on the native mesic mixed grass prairie (64 to 79 percent in 2000).  Because unvegetated areas
still exist between many of the individual plants and the revegetation effort is only three years old, only a
small amount of dead plant litter has built up on the ground surface.  This will change as the vegetation
continues to grow, produce litter, and expand into the spaces between the plants.

Currently, numerous rocky/barren spots are present at various locations on the landfill cover, particularly
near the crown of the cover and on the windward side of the cover.  Vegetation is sparse at these locations.
Many of these locations are similar in landscape position to rocky/barren spots that can be found on the
native grasslands at the Site.  It is likely that at these locations on the landfill cover, the original seed that
was planted, as well as the mulch and many of the fines in the soil, were blown away by high winds
common during winters at the Site.  Thus many of these areas have a desert pavement type appearance
because of the pebbles left behind.  These areas may fill in with plants in time, if left on their own or they
may need to be reseeded and more heavily mulched if the barren spots are a problem from a landfill
management standpoint.  Weed control will continue to be necessary in the future to allow the native
species to continue to thrive and expand, creating a more solid stand of vegetation on the cover.

Patches of taller vegetation are also visible on the landfill cover at some locations.  Most of these patches
run generally N-S in direction.  In the areas adjacent to the methane transects, these patches were mapped
using a GPS unit and are shown in Figure 9-1. Two classifications of these patches are distinguished based
on the general species composition.  All of the patches with the exception of the most eastern one had
obviously been planted with the native species in the seed mix.  However, the most eastern patch appears
not to have been planted at all.  Evidence for this is based on the fact that none of the native species planted
everywhere else are present in any quantity in this area.  In addition, the ground surface in this area is very
rough and littered with large pieces of concrete that would have made drill seeding the area practically
impossible.  In the planted patches, however, the vegetation composition contains a higher component of
taller growing native plant species, such as big bluestem, little bluestem, and side-oats grama, along with
taller weed species such as yellow and white sweet clover (Melilotus officinale and Melilotus alba).  Hence
these areas appear taller and therefore perhaps, at least to the untrained eye, healthier.  In reality however,
the species composition is what accounts for the taller vegetation compared to the areas in between these
patches that are dominated largely by blue grama and buffalo grass, both short-stature grasses.  Possible
explanations for these patterns may be uneven seed distribution during the drill seeding process,
microclimate differences related to germination and establishment success, water availability, soil structure,
nutrient availability, or wind.

The rooting depth of some of the plants was observed at four holes dug for soil samples on the landfill
cover.  The maximum depth to which roots were observed at these holes was approximately 30 cm (12 in),
with most being observed within the top 15 cm or so.  It is likely that the plant roots actually go deeper than
this, but at most of the holes it was rare to find a plant growing right at the edge of the hole.  Based on
studies done elsewhere, many of the seeded native species growing on the cover can have roots that go
down as much as two or three meters (Table 9-3).

9.6 Conclusions

The vegetation found growing on the landfill cover during 2001 is dominated by native, warm-season,
perennial, graminoid species.  The vegetation appears healthy and thriving based on the size of the plants
and the flowering observed during the monitoring fieldwork.  Although rock and bare ground cover
remains higher than that found on the native grassland, the native species are filling in the spaces between
the seeding rows and should in time form a solid stand of vegetation across most of the cover.  Weed
control will continue to be necessary to keep competition from noxious weeds low and allow the native
species to expand their range.  Thus far these results suggest a very successful revegetation project.
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10. Prescribed Burn Monitoring Summary

10.1 Purpose

Prescribed burning is an important tool for native grassland management.  To maintain the health and vigor
of the native plant species, reduce plant litter and the potential for wildfire, recycle nutrients, and help with
weed control, the use of prescribed burns has been proposed to help manage the grassland communities at
the Rocky Flats Environmental Technology Site (Site).  As with all land management actions, monitoring is
an integral part of determining whether the management objectives and goals for a particular management
technique are being achieved.  On April 6, 2000, a 48 acre prescribed burn was conducted by the U.S.
Forest Service on the xeric tallgrass prairie in the south Buffer Zone at the Site.  To evaluate the effect of
the prescribed burn on the plant community, a quantitative monitoring program was instituted in the
summer of 1999 to provide pre-burn data.  After the fire, monitoring was conducted in summer 2000 and
2001 to gather post-fire data.

The following general questions were proposed for investigation:

1. How will a prescribed burn affect the species richness and species diversity of the
xeric tallgrass prairie?

2. What impact will a prescribed burn have on the foliar cover of the xeric tallgrass
prairie?  Specifically, what impact is there to the following categories of foliar cover:
overall cover, native cover, non-native cover, forb cover, overall graminoid cover,
warm-season graminoid cover, and cool-season graminoid cover?

3. What impact will a prescribed burn have on the frequency of individual plant species
on the xeric tallgrass prairie?

4. What impact will a prescribed burn have on specific weed species?

5. How much litter biomass will be removed during a prescribed burn?

6. How does the fire response of the xeric tallgrass prairie at the Site compare to other
locations of the tallgrass prairie?

7. What recommendations can be made with regard to the use of prescribed burns for
management of the xeric tallgrass prairie at the Site?

This report summarizes the 1999, 2000, and 2001 pre- and post-burn data.

10.2 Methods

The xeric tallgrass prairie at the Site is located primarily on the pediment, which is underlain by Rocky
Flats Alluvium (SCS 1980).  The soils are classified as Flatirons very cobbly sandy loams (SCS 1980).
Historically the 48 acre burn area had not been grazed since the early 1950's and the unburned monitoring
plot locations had not been grazed since the early 1970's.  Both the unburned and burned areas have had
little human influence or activity over the past 25 to 50 years.  However, a year prior to the burn, in May
1999, the unburned and burned locations were sprayed by helicopter with Tordon22K (application rate = 1
pint/acre) to help control the noxious weed diffuse knapweed (Centaurea diffusa) and other noxious weed
species.
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During 1999, a monitoring program was developed and initiated to provide quantitative pre-burn and post-
burn information to help answer the questions listed above.  A stratified, random sampling design was used.
Initially, six plots—three control (no burn), and three treatment (burned)—were chosen for monitoring the
response of the Site’s xeric tallgrass prairie to the prescribed burn (Figure 10-1).

The no burn plots selected were BC1, BC2, and TR01.  Plots BC1 and TR01 were pre-existing sites that
had been used previously for other quantitative monitoring.  BC2 was set out specifically for this study as a
third replicate.  The burn plots were BT1, BT2, and BT3.  Sites BT1 and BT2 were also pre-existing plots
used for other monitoring, and BT3 was set out specifically for this study to provide a third replicate burned
site.  At each plot, a total of five randomly located 50-m transects were sampled.  Pre-burn sampling was
conducted from September 9 through 24, 1999.  The decision to conduct a controlled burn was made at a
time that precluded collecting any spring pre-burn data.  Thus, the study evaluates only the late-summer
effects on the prairie.  The study design was modified in spring 2000, because the actual prescribed burn
was not conducted over the entire area originally scheduled to be burned.  Only plots BT1 and BT2 were
actually burned.  Plot BT3 was not burned.  Therefore data were summarized by combining the data from
two of the three no burn plots (BC1 and TR01) and two of the three burn plots (BT1 and BT2),
respectively.  Plot TR01 was chosen over plot BC2 because it was more similar to plots BC1, BT1, and
BT2.  In 2000, post-burn monitoring data was gathered throughout the summer using qualitative
photographs and quantitative measurements from September 5 through 21, 2000.  In 2001, monitoring was
conducted from September 4 through 18.

Species richness, cover, and frequency were measured at each of the 50-m transects.  Species richness was
determined in a 2-m-wide belt centered along the length of each 50-m transect.  Every plant species rooted
within the 100-m2 area was recorded.  In addition, the number of woody plant stems and cactus stems were
counted for the 100-m2 area and recorded.  Basal cover and foliar cover estimates were made using a point-
intercept method along each of the 50-m transects.  A 2-m-long rod, with a 6-mm diameter, was dropped
vertically at 50-cm increments along the transect to record a total of 100 intercept points.  Two categories
of hits were recorded, basal and foliar.  Basal cover hits indicated what material the rod contacted at the
ground surface.  Hits could be vegetation (live plants), litter (fallen dead material), rock (pebbles and
cobbles that were greater than the rod diameter), bare ground, or water, in that order of priority based on
the protection from erosion provided by each type of cover.  Basal vegetation hits were recorded by species
only if the rod was touching the stem or crown of the plant where the plant entered the ground.  Foliar
vegetation hits (defined as a portion of a plant touching the rod) were recorded by species in three
categories as defined by height and growth form.  The topmost hit of each growth form was recorded.  The
growth forms measured were herbaceous, woody <2-m in height, and woody >2-m in height.  Frequency
information by species was gathered by randomly locating five 1-m2 quadrats along each of the 50-m
transects (total of 25 quadrats/site) and recording all species present in each plot.  Density stem counts for
diffuse knapweed were also made using these same quadrats.  No distinctions were made during counts to
differentiate seedlings, rosettes, or adult plants.

Biomass sampling was conducted on different transects than those described above in order to prevent
disturbance of those transects.  Sampling was conducted along a single transect in the burn area and another
transect outside the burn area.  Five randomly located 0.25-m2  quadrats were located along the right-hand
side of each transect.  Vegetation was clipped and sorted as current year live or litter and placed into
separately labeled paper bags.  Bags were dried in an oven at 65o C until no further weight loss was
observed and then the vegetation weight was recorded.  More detailed summaries of these specific methods
are found in the Environmental Monitoring Department Operating Procedures Manual (DOE 1995), the
High-Value Vegetation Survey Plan for the Rocky Flats Environmental Technology Site (K-H 1997), and
the Ecological Field Monitoring Plans for the Rocky Flats Environmental Technology Site  (K-H 1999a,
2000a, 2001a).

Photographs were taken before and after the burn to document the recovery of the vegetation on the prairie
in 1999, 2000, and 2001.  A photograph was taken of each transect during the sampling session to visually
document the condition of the transect.  Photographs were taken from near the 0-m end of the transect near
the permanent marker, looking toward the 50-m endpoint.  A placard was placed against the 0-m endpoint
to provide the site and transect number, and date in the photograph.  Photographs were taken with a digital
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camera with the lens set at approximately the 50 mm setting.  Additional photographs were also taken
looking straight down on the grassland along the transects in the area that burned.  Each of these
photographs was taken of a quadrat (1-m x 0.5-m) placed at the 50-m end of the transect and aligned north-
south, with the 50-m stake at the southwest corner of the quadrat.  The photographs were taken with the
digital camera centered over the middle of the quadrat at eye level (approximately 1.5-m).  A total of 10
quadrats (one at each transect) were photographed during each photography session.  The lens was set at
the 35 mm setting.  Photographs were taken from the north side facing south so that the permanent stake
was in the upper right hand corner of the photograph.  A placard was placed in the photoplot to provide the
site and transect number, and date.

Species richness data were summarized by generating a species list for the unburned and burned locations.
In addition, other species richness variables were calculated from the species lists.  A Sorensen coefficient
of similarity was used to assess the species richness similarity between the no burn and burn data (Brower
and Zar 1977).  Basal cover data were reported as total percent cover of vegetation, litter, rock, and bare
ground.  Foliar cover data were reported as frequency, absolute cover, and relative cover for each species
encountered.  Frequency from the cover data was defined as the percent of point-intercept transects in
which a species occurred, out of the total 10 possible.  Absolute foliar cover was the percentage of the
number of hits on a species out of the total number of hits possible (1000).  This value is the actual cover of
a species.  Relative foliar cover was the number of hits on a species relative to the total number of
vegetative hits recorded (i.e., the percent of total vegetative cover [100 percent] represented by the species).
A Shannon-Weaver diversity index was used to calculate diversity based on the relative foliar cover data
(Brower and Zar 1977).  Frequency based on quadrats (n=50; 2 transects × 25 quadrats each) was defined
as the number of quadrats in which a species was recorded, divided by 50 (the total number of quadrats
possible), multiplied by 100.  Density count data were summarized as the mean number of stems per square
meter.  Biomass data were summarized as the mean litter, current year live, and total biomass (litter and
current year live combined).

Statistical analysis of the results was conducted only when mean values were different enough to suggest a
meaningful interpretation.  Where normality, variance, and dependence requirements were met, parametric
tests were used to compare results.  Nonparametric tests were used for all analyses where normality,
variance, and independence requirements were not met.  All tests were done using SigmaStat Version 2.03.
Independent samples (i.e., the unburned and burned plots) were compared using t-tests or Mann-Whitney U
tests (SigmaStat 1997; Fowler and Cohen 1990; Sheskin 1997).  Dependent sample comparisons (i.e.,
within treatment over time) were done using One Way Repeated Measure ANOVA, paired t-tests or
Wilcoxon’s test for matched pairs (SigmaStat 1997; Fowler and Cohen 1990; Sheskin 1997).  A Bonferroni
t-test multiple comparison test (multiple comparisons versus a control) to detect differences within
treatments over time.  The control used for the Bonferroni t-tests was the 1999 data within the treatment
being analyzed (i.e., 2000 and 2001 data were compared back to the 1999 data).

10.3 Results

Species richness from 1999 through 2001 is summarized in Table 10-1.  In 1999, the unburned plots had a
total of 66 species, and the burned plots had 73 species.  In 2000, both the unburned and burned plots
showed an increase of six species to 72 and 79 species, respectively.  By 2001, species richness in the
unburned and burned plots had continued to increase to 84 and 85 species, respectively.  A Sorensen
coefficient of similarity index showed a high similarity in species richness within the unburned (0.84) and
burned plots (0.84) from 1999 to 2001.  Comparing the unburned plots to the burned plots, species
similarity has increased slightly from 1999 (0.76) to 2001 (0.79).  The percentage of native species
decreased by five percent in the unburned plots and increased by one percent in the burned plots during the
same time period.  The mean number of species per quadrat in the burned plots increased significantly from
1999 to 2001 (10.6 to 12.9 species/quadrat; paired t-test, t = 6.379, 49 df, P < 0.001; Figure 10-2) while the
unburned plots showed no significant change (P > 0.05).  Shannon-Weaver diversity indices were
calculated using the relative cover data.  In the unburned plots, diversity increased from 1.068 in 1999 to
1.106 in 2001, with a slight dip in 2000 (1.036).  In the burned plots, diversity increased from 0.931 in
1999, to 0.963 in 2000, to 0.998 in 2001.
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Cactus densities were higher in the burned areas than in the unburned areas (Table 10-2).  Twistspine
prickly pear (Opuntia macorhiza) density declined significantly in both the unburned and burned areas
from 1999 to 2001 (unburned: One Way Repeated Measures ANOVA, F = 19.604, P < 0.001; burned: One
Way Repeated Measures ANOVA, F = 78.837, P < 0.001).  Declines in hedgehog cacti (Echinocereous
viridiflorus) density were only statistically significant in the burned plots for the same time period (One
Way Repeated Measures ANOVA, F = 11.697, P < 0.001).

Vegetation cover data are summarized in Tables 10-3 and 10-4.  Total foliar vegetation cover increased
significantly from 79.2 to 85.1 percent in the unburned plots from 1999 to 2001 (One Way Repeated
Measures ANOVA, F = 27.564, P < 0.001) and from 77.2 to 83.9 percent in the burned areas during the
same timeframe (One Way Repeated Measures ANOVA, F = 12.916, P < 0.001; Figure 3).  In 2000, both
the unburned and burned plots showed small declines of approximately 2.5 percent.  Of the total vegetation
cover, more than 90 percent (relative cover) has been provided by graminoids at both the unburned and
burned locations from 1999 to 2001.  Changes in total absolute graminoid cover in both the unburned and
burned plots were not significantly different from 1999 to 2001 (P > 0.05; Figure 10-4).  Three graminoid
species—big bluestem (Andropogon gerardii), Canada bluegrass (Poa compressa), and mountain muhly
(Muhlenbergia montana)—dominated the vegetative cover at both the unburned and burned locations
(Tables 10-3 and 10-4).  Only the order of dominance of these three species differed between the unburned
and burned areas.  At the unburned plots, absolute cool-season graminoid cover and absolute warm-season
graminoid cover did not change significantly from 1999 to 2001 (P > 0.05; Figure 10-5).  In the burned
plots however, absolute cool-season graminoid cover decreased significantly in 2000 after the prescribed
fire, but by 2001 had rebounded to near pre-fire levels (One Way Repeated Measures ANOVA, F = 4.310,
P < 0.05).  Absolute warm-season graminoid cover did not change significantly in the burned plots from
1999 to 2001 (P > 0.05).  Warm-season versus cool-season graminoid cover shifted in the burned plot from
cool-season dominated before the prescribed fire to warm-season dominated in 2000 after the fire.
However, in 2001, the burned area had shifted back to cool-season dominated.

In the burned plots, absolute native cover increased significantly by almost 8 percent from 1999 to 2001
after the fire (from 44.6 to 52.2; Figure 10-6; One Way Repeated Measures ANOVA, F = 10.947, P <
0.001) while not changing significantly in the unburned plots (P > 0.05).  Absolute non-native cover in the
burned plot dropped significantly in 2000 after the fire but was no longer significantly different from pre-
fire levels by 2001 (One Way Repeated Measures ANOVA, F = 7.456, P < 0.05).  Absolute non-native
cover in the unburned plots did not change significantly during the same time period (P > 0.05).  The
absolute forb cover response in the unburned and burned plots essentially paralleled one another from 1999
to 2001 (Figure 10-7) with significant increases in both from 1999 to 2001 (Unburned: One Way Repeated
Measures ANOVA, F = 9.586, P < 0.001; Burned: One Way Repeated Measures ANOVA, F = 12.717, P <
0.001).

Ground cover was dominated in both the unburned and burned plots by litter (Figure 10-8).  In 2000, the
year after the prescribed burn, litter cover decreased significantly in the burned plots - by 7.2 percent - (One
Way Repeated Measures ANOVA, F = 10.498, P < 0.001).  However, by summer 2001, litter cover (not
biomass) had returned to pre-burn levels.  In the unburned plots litter cover increased significantly by 5.7
percent from 1999 to 2000 (One Way Repeated Measures ANOVA, F = 5.055, P < 0.05), before returning
to 1999 levels in 2001.  Rock cover increased significantly in the burned plot after the fire and continues at
significantly higher amounts than pre-burn cover 2 years after the burn (One Way Repeated Measures
ANOVA, F = 5.436, P < 0.05; Figure 10-9).  No change was observed in rock cover in the unburned plots
(P > 0.05).  Bare ground cover increased significantly for only one year after the burn before returning to
pre-burn levels (One Way Repeated Measures ANOVA, F = 18.931, P < 0.001; Figure 10-9).  At the
unburned plots, bare ground cover declined significantly in 2000 and 2001 compared to 1999 (One Way
Repeated Measures ANOVA, F = 6.250, P < 0.01; Figure 10-9).

Overall biomass on the grassland (combined current year live and litter) was significantly reduced in the
burned area as a result of the prescribed burn from approximately 465 grams/m2 (4,152 lbs/acre) to 124
grams/m2 (1113 lbs/acre; One Way Repeated Measures ANOVA, F = 14.032, P < 0.001; Figure 10-10).  It
continued to remain significantly lower in the burned area in 2001.  No significant changes in overall
biomass were shown in the unburned area (P > 0.05).  Litter biomass was significantly reduced and
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continues to be significantly less in the burned area after the prescribed burn compared to pre-treatment
levels (One Way Repeated Measures ANOVA, F = 8.734, P < 0.001; Figure 10-11).  No significant
changes were shown in litter biomass in the unburned plot during the same timeframe (P > 0.05).
Vegetation biomass (current year live) was reduced significantly only immediately after the fire in the
burned area (One Way Repeated Measures ANOVA, F = 18.867, P < 0.001; Figure 10-11).  In 2000 and
2001 current year biomass was not significantly different from pre-burn levels in the burn area (P > 0.05).
In the unburned plots however, a significant increase in current year live biomass occurred in 2001
compared to 1999 levels (One Way Repeated Measures ANOVA, F =5.013, P < 0.05; Figure 10-11).

Individual species frequency results from the 1-m2 quadrats are presented in Table 10-5.  The frequency of
several species appears to have been affected by the prescribed fire.  Many species in the Asteraceae
(sunflower) family including, western ragweed (Ambrosia psilostachya), western sagewort (Artemesia
campestris), diffuse knapweed, Canada horseweed (Conyza canadensis), trailing fleabane (Erigeron
flagellaris), curly-top gumweed (Grindelia squarrosa), and prickly lettuce (Lactuca serriola), have shown
substantial increases in the burned area in comparison to the unburned area.  Each of these increased at
least 14 percent more in the burned area than in the unburned.  Mountain muhly was the only native
graminoid that showed a decrease in response to the fire.  In the burned plots, most others graminoids
showed a slight increase in 2000, the year after the fire, and then a return to near pre-treatment levels by
2001.  In the unburned plot many graminoid species showed overall declines from 1999 to 2001.  So the
increased frequency response of the graminoids in the burned plots was somewhat short-lived but
compared to the unburned plots was still an increase.  Two species, twistspine prickly pear and hedgehog
cactus both showed consistent declines in both the unburned and burned areas, largely a result of the
herbicide applications.  Several species showed increases in both the unburned and burned areas including,
goat’s beard (Tragopogon dubius), western wallflower (Erysimum capitatum), mountain bladder-pod
(Lesquerella montana), sleepy catchfly (Silene antirrhina), St. John’s-wort (Hypericum perforatum),
junegrass (Koleria pyrimidata), needle and threadgrass (Stipa comata).

10.4 Discussion

Fire is an integral natural process necessary for native prairie management.  Historically fires were ignited
by lightning or Native Americans and often occurred with frequencies of one to thirty years or more
depending on location and local conditions (Seig and Fletcher 1998).  The effects of fire have been
documented in the literature for several decades.  Some of the important aspects of prescribed fires for
grassland management include litter reduction, recycling of plant nutrients, increased early season soil
temperatures, increased flowering and vigor of native grasses, germination of forb and grass seeds, and
increased landscape and biological diversity (Towne and Owensby 1984, Ehrenreich 1959, Collins and
Wallace 1990).  The timing of a prescribed fire can also alter the end results.  Late spring burning can
increase the yield of specific species such as big bluestem and Indian grass (Sorghastrum nutans) while
early spring burning can reduce the yield of these species but increase diversity and benefit perennial forbs
(Towne and Owensby 1984). Wright (1974) found that the post-fire responses of many dominant species
was highly correlated to winter-spring precipitation and effected the long-term outcome of the fire effects
on prairie composition.

The xeric tallgrass prairie at the Site has shown a variety of responses to the spring 2000 prescribed fire.
The fact that historically the study area had not been grazed or burned since prior to 1951 likely has
affected the results, in addition to the application of Tordon22K in spring 1999, one year prior to the burn.
Species richness was affected differently at different spatial scales.  As measured in 1-m2 quadrats, species
richness showed a significant increase in the burned area in comparison to the unburned area that showed
no similar increase.  After two growing seasons, an average of 2.3 additional species were found in each
quadrat in the burned area as compared to pre-burn species richness.  An increase in species richness after a
fire has been reported from other studies where a similar response has been observed (Collins and Gibson
1990).  At a larger scale (1000-m2, i.e., 10 x 100-m2 transects) species richness (based on all burned
transects combined) and diversity (Shannon-Weaver) increased in both the burned and unburned areas
during the same timeframe.  Thus this increase cannot be attributed to the fire, but is likely driven by
climatic factors.
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Total foliar cover, graminoid cover, and forb cover showed essentially parallel responses in the burned and
unburned areas.  The lack of an increase in cover of the graminoids as a whole in the burned area was
somewhat unexpected because other studies have shown that fire typically increases flowering, biomass
production, and cover in prairie ecosystems (Masters et al. 1992, Ehrenreich 1959, Towne and Owensby
1984, Ewing and Engle , 1988).  The lower winter-spring precipitation amounts in spring 2000
(Figure 10-12), compared to the previous several years may have influenced the lack of an increased
response more typical after a fire.  Wright (1974) found a decreased response of many native graminoid
species when below average winter-spring precipitation amounts preceded a prescribed fire.  It may have
also been affected or masked by the herbicide that was applied to both the unburned and burned areas the
year before the prescribed burn.  Observations from other locations at the Site have shown that graminoid
cover typically increases after an herbicide application, likely resulting from reduced competition from
forbs (K-H 1999b, 2000b, 2001b).  Thus it may have been unreasonable to assume that graminoid cover
could increase much more with the application of fire, particularly in a dry year.  Both the burned and
unburned plots were dominated by Canada bluegrass, big bluestem, and mountain muhly.  No change in
their order of dominance was observed in the burned area as a result of the burn.

A significant loss of cool-season graminoid cover occurred in the burned area the year following the burn,
causing the burn area to shift to a warm-season dominated community.  Much of this resulted from the loss
of cover by the non-native species Canada bluegrass and Kentucky bluegrass (Poa pratensis).  This
response is typical of most grasslands that have both cool- and warm-season species when they are burned
in the spring (Towne and Owensby 1984, Glenn-Lewin et al. 1990).  However, the shift was short-lived and
by 2001 the prairie in the burned area had returned to a cool-season dominated community.  Since one of
the goals of the prescribed burn was to shift the species composition of the grassland from the
predominantly non-native, cool-season graminoids to the native warm-season species the fire was a step in
the right direction.  Although it only lasted one year, it showed that prescribed fire could be used as a
management tool to shift the species composition of the xeric tallgrass prairie to favor the warm-season
graminoid species that make the prairie unique.  On the tallgrass prairie of the eastern Great Plains repeated
annual spring burning of the prairie has been shown to increase dominance of the warm-season species
(Svejcar 1990, Towne and Owensby 1984), however, here in the more arid west where moisture is much
more a limiting factor for plant growth annual prescribed fire is not recommended (Shay et al.  2001,
Hopkins-Arnold 1998).  After studying the influence of fire on the mesic tallgrass prairie along South
Boulder Creek to the north of the Site in Boulder County, Hopkins-Arnold (1998) recommended that fire
should be used only infrequently (not annually) on more xeric sites to stimulate production.  She also
recommended that it only be used in years with normal or above normal precipitation and not when drought
is expected or following a year of drought.  Additionally, timing of a prescribed burn has been shown to
substantially alter the vegetative outcome in terms of species composition, so adjustments to the timing of
any future prescribed burns at the Site could help shift species composition more in the desired direction
(Towne and Owensby 1984, Ehrenreich 1959, Ewing and Engle 1988).  Fire injures plants that are actively
growing more than those that are still dormant (Towne and Owensby 1984), so by adjusting the timing of a
prescribed burn so that the cool-season species are more impacted a greater reduction in their abundance
may be observed.  A three week difference in timing can substantially change the long-term vegetation
composition of an area (Town and Owensby 1984).  The contrast in cool- versus warm-season graminoid
cover between the burned and unburned prairie in this study may also have been much more dramatic had
the herbicide application not been a factor.

Native and non-native cover on the xeric tallgrass prairie were both affected by the prescribed burn.  Native
cover in the burned area increased after the prescribed burn and remains significantly higher than original
levels two growing seasons after the fire.  No similar response was seen in the unburned area.  Non-native
cover was reduced significantly in the burned area for one year after the fire, while no change was observed
in the unburned area.  Thus the use of fire, assisted non-native weed control efforts for one year after the
burn, and continued to enhance conditions for the native species.  This is evidenced by the continued
increase in cover by the native species.

Forb cover was initially low in both the unburned and burned areas due to the application of Tordon22K

in spring 1999.  Forb cover however, has significantly increased in both the burned and unburned plots
since the fire, largely because the residual effect of picloram in the soil is decreasing.  No change in forb
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cover was observed that could be attributed to the prescribed burn.  The overall loss of cactus density in
both the burned and unburned plots is largely due to the herbicide application.  Data from other studies at
the Site and elsewhere have shown this is typical (K-H 1999b, 2000b, 2001b; Peterson et al. 1988).  Aside
from this the response of forbs to fire is less well documented.  Forb responses to fire elsewhere have
shown a variable species-specific response, often different depending on location and timing of the fire
(Glenn-Lewin et al. 1990).

Above ground current year live plant biomass was not significantly changed by the fire, with the exception
of its reduction immediately after the fire.  By the end of the growing season in 2000, total current year live
plant biomass was back to pre-fire levels in the area that was burned, but it was not significantly higher.  It
remained the same as pre-fire levels in 2001.  This differs from most other studies from the eastern tallgrass
prairie where biomass increases of two to four times pre-treatment levels are not uncommon in burned
areas compared to unburned locations (Svejcar 1990).  The Site data is also interesting considering that a
significant increase in current year live biomass did occur at the unburned locations in 2001, whereas in the
burned area, where an increase would have been expected, nothing changed.  Shay et al. (2001) reported
that on a mixed-grass prairie in southwestern Manitoba, where moisture is a key limiting factor for plant
growth, removal of litter by fire increased soil temperatures thus drying out soils reducing available soil
moisture and further stressing plants.  Because the xeric tallgrass prairie is an outlying, relict community on
the western edge of the Great Plains which receives an annual precipitation of only about 15 inches
(compared to 30+ inches received by the tallgrass prairie on the eastern Great Plains), any additional
moisture stress resulting from litter removal, in an already low moisture year (2000 was a below average
moisture compared to previous five years at the Site) may have contributed to lower production by the
tallgrass species.  Hopkins-Arnold (1998) noted that planning for prescribed burns in arid environments
must take into account pre-burn annual precipitation and post-burn precipitation predictions.  Other factors
that have been shown to account for variable responses after fire include species composition of the
grassland, timing of the burn, frequency of burning, and species specific responses to fire (Svejcar 1990,
Shay et al. 2001, Ewing and Engle 1988, Towne and Owensby 1984, Wright 1974).

Litter biomass (referring to the weight of thatch or dead plant material on the ground) however, was
significantly reduced after the fire and still remains significantly lower than pre-burn levels in 2001.  An
important objective of the prescribed burn was to reduce overall litter biomass and thereby reduce the
potential for catastrophic wildfire.  This was accomplished and without converting all the ground surface
between plant stems and crowns to bare ground.  Overall litter cover (as distinguished from litter biomass;
i.e., weight) was only reduced by approximately seven percent in 2000, while bare ground increased
approximately 4 percent.  These cover values returned to pre-burn levels in 2001.  Thus while much of the
litter volume or bulk (by weight = biomass) was removed there was still some material that remained on the
surface of the ground (cover) protecting it from wind and water erosion.  Therefore the potential for
increased wind or water erosion was minimal as a result of the fire.  The nearly flat surface of the pediment
top where the fire was conducted also helped minimize this as well.

Diffuse knapweed frequency returned at a faster rate in the burned area than in the unburned area, after
both areas had been treated with Tordon22K the year prior to the burn.  Further investigation is required to
see whether this is a consistent fire response of diffuse knapweed or not, but it may be more appropriate to
treat an infestation area after a prescribed burn rather than before it.  If a flush of germinating diffuse
knapweed were to come up after a fire, an herbicide application would likely be much more effective after
the fire because no litter and other plant material would intercept the herbicide, so more of it would reach
the plants and ground.

10.5 Recommendations

Based on the results of this study several recommendations can be made for consideration of any future
prescribed burns at the Site:

• Fire should be considered as an essential tool for long-term resource management at the Site.
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• Monitoring of any future prescribed burns should be a critical aspect of planning, in order to provide
documentation of the response of the xeric tallgrass prairie to fire at the Site.

• Timing of prescribed burns should be done so as to inflict maximum injury to undesired species in
order to achieve the desired burn objectives.  Some experimentation with different fire dates should be
conducted to determine what times are best for local conditions present at the Site.

• Repeated annual burns at the same location are not recommended due to the arid conditions of our
climate and the potential to further stress the desired species, thus potentially opening new
opportunities for undesired species.

• When burning where weed infestations are present, post-burn weed control should be integrated in the
plan to take advantage of the reduced litter and plant cover.

10.6 Conclusions

In April 2000, a prescribed burn was conducted on 48 acres of the xeric tallgrass prairie at the Site.  The
prescribed burn accomplished several objectives and demonstrated the potential that prescribed fire could
have for managing the native plant community resources at the Site.  The potential for a catastrophic
wildfire was reduced through the removal of plant litter on the prairie without substantially increasing the
potential for wind or water erosion.  Species richness and native species cover increased as a result of the
burn and at least in the short-term, the species composition shifted from a cool-season dominated
community to a warm-season dominated one, albeit for only one year.  Properly timed and used when
environmental conditions such as moisture are appropriate, prescribed fire could be used on the Site’s xeric
tallgrass prairie to reduce the dominance and abundance of the non-native, cool-season species like Canada
bluegrass and Kentucky bluegrass and enhance conditions for native, warm-season species.  Prescribed
burns should be used as part of the long-term resource management for the plant communities at the Site.
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11. Glossary

Annual – A plant that lives its entire life cycle during the course of a single growing season.

Biocontrol – A method of weed control that uses insects or fungi to stress, damage, or destroy the plant
tissue of undesirable species.

Biodiversity – The existence of a wide range of different types of organisms in a given place at a given
time.

Biomass – A measure of the productivity of a community, usually measured by clipping the vegetation and
obtaining the dry weight of the vegetation; expressed per unit area (grams/square meter).

Control – The plot, quadrat, transect, site, or location, that receives no treatment or management action
(e.g., weed control, prescribed burning, mowing).  It serves as an unaffected plot that can be compared to
the treatment plot to evaluate whether or not the treatment had any impact.

Cool-season graminoids – Grasses that green up early in the growing season (March–May) and produce
mature fruits by late June or early July.

Cover – Vegetation cover is a measure of abundance for individual plant species in a specified area.  The
cover of different species can be grouped and summed to provide the cover for that grouping of species
(e.g., graminoid cover or forb cover).

Density – A measure of the number of individuals per unit area.

Diversity – A measure of the number of species present and their relative abundance in a community.

Dominant plant species – One or more species that occur in the greatest abundance (usually based on cover
or biomass) in a given plant community.

Ecotonal – An ecotone is the boundary area between two different plant communities.

Forbs – Herbaceous, broad-leaved, non-woody plant species.

GIS – Geographic information system

GPS – Global positioning system

Graminoids – Grasses, sedges, or rushes.

Litter – Dead plant matter that has accumulated on the surface of the ground.

Management units – Arbitrary divisions of the different plant communities at the Site used to facilitate
vegetation sampling.  Roads, fence lines, and streams were often used as boundaries.

Mesic – Referring to conditions of moderate moisture or water availability.

Perennial – A plant whose lifecycle spans multiple years.
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Prescribed burn or fire – A planned, controlled fire, intentionally set to burn off the vegetation to meet a set
of management objectives.

Relict – Persistent remnants of a pre-existing, once more widespread flora or fauna that now exist in more
restricted or isolated areas.

Riparian – On or pertaining to the banks of a stream (e.g., riparian vegetation or riparian woodland).

Species richness – The complete list and number of species found in a given area.

Species richness similarity – A mathematical coefficient that quantifies how similar or dissimilar the
species composition of two communities is.  A common coefficient is the
Sorensen coefficient of similarity index, which compares species lists between two areas by taking into
account the total number of species present in each community and the number in common between them.

Target species – Species specifically chosen for weed control (e.g., diffuse knapweed or musk thistle).

Treatment – The plot, quadrat, transect, site, or location, that receives a specific management action (e.g.,
weed control, prescribed burn, mowing).

Vascular plants – Plants that have xylem and phloem (i.e., conductive tissue) for internal movement of
water, minerals, and nutrients.  This excludes plants such as mosses, liverworts, and hornworts that have no
such tissues.

Warm-season graminoids – Grasses that green up later in the growing season (late May–June) and don’t
produce mature fruits until September.

Xeric – Dry or characterized by scant moisture; tolerating or adapted to arid conditions.
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     Figure 1-3.  Forktip three-awn closeup.

Figure 1-4.  Habitat of forktip three-awn at new population discovered at Rocky Flats in 2001.  It is an old borrow
area that was reseeded in the 1980’s.  The forktip three-awn grows in the gravelly areas between these bunchgrasses.

Note the twisted awn that
characterizes this species from
other three-awn grasses



Figure 1-5.  Forktip three-awn was commonly found on oxidized gravelly surfaces such as this.  This is an area
where an attempt was made to seed the species and create a new population.  Monitoring will be conducted in fall
2002 to determine whether any of the seeds germinated and established.









Figure 1-9.  Sand deposition area in late May 2001.  Sand blown from the mine buried the xeric tallgrass prairie up
to six inches deep.

Figure 1-10.  Sand dune area in late summer.  In August 2001, the sandy area had become an annual sunflower patch
(yellow flowers), but much of the area was also infested with the noxious weeds diffuse knapweed, Russian thistle,
and kochia.

















Figure 2-2.  Annual Precipitation at Rocky Flats (1992-2001)
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Figure 2-3.  1993-2001 Shannon-Weaver Diversity Indices - Xeric Mixed Grassland Summary
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Figure 2-4.  Dalmatian toadflax near TR06 site.  The upper photo shows the infestation as of 1999.  In spring 2000 the
location was treated aerially with Tordon22K.  That summer little flowering was seen.  In 2001, flowering and vigor of
many of the plants continued to be inhibited by the herbicide and the fact that a late spring frost hit the plants.
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Figure 2-5.  Detrended correspondence analysis (DCA).  DCA results for TR01, TR06, and TR12 data from 1993-2001 (all available years per site).  The first four digits
of each site code stand for the site name (i.e. TR01).  The last two numbers are the year of sampling (i.e. 2001 = 01).


