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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 integal 
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 goal of which is 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 (Site) during 1999. 

At an elevation of approximately 6,000 feet, 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 areas of its kind along the Colorado 
Piedmont. A number of plant communities present at the Site have been identified as 
increasingly rare and unique by the Colorado Natural Heritage Program (CNHP). These 
communities include the xeric tallgrass prairie, tall upland shrubland, wetlands, and Great 
Plains riparian woodland communities. 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, and Hops blue and 
Arogos skipper butterflies. 

Vegetation monitoring is conducted at the Site using several methods to meet the 
monitoring objectives. During 1999, 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, and quantitative assessments of the effectiveness of herbicide 
applications and potential associated impacts to the native plant communities. 

During 1999, species richness inventories were conducted in the Great Plains riparian 
woodland and wetland management units at the Site. A total of 350 vascular plant 
species were recorded in the Great Plains riparian woodland, and of these, 77 percent 
were native species. In the wetlands, a total of 246 plant species were recorded, 76 
percent of which were native species. Comparison to past inventories showed little 
change in the species richness found in either plant community. Qualitative habitat 
assessments continue to indicate that the management issue of greatest concern in both 
communities is noxious weeds. In both communities, Canada thistle is present at many 
locations. Along many of the drier stream terraces, particularly in Rock Creek, diffuse 
knapweed has become abundant. Other noxious weeds such as bouncingbet and dame’s 
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rocket have also become established at some stream locations. Streambank erosion was 
identified as a potential problem at a location in Walnut Creek below the B-4 pond, 
where high-water events have continued to erode the steep streambank sections. Aside 
from these concerns, however, the riparian woodlands and wetlands in general appeared 
healthy. No visible signs of disease, predation, injury, or die-off of any of the dominant 
plant species was observed, and most appeared to have flowered and produced fruit 
during 1999. Comparison of the permanent photo-point photographs from 1997 and 
1999 showed no substantial changes in the riparian and wetland vegetation durjng this 
time frame. 

As a result of the 1999 field work, a total of ten new records of vascular plant species are 
reported for the Site. This increase brings the total number of plant species known to 
occur on the Site to 585. None of the new species recorded on the Site in 1999 is a rare 
species or state-listed noxious weed. Of the plant species of concern listed by the CNHP, 
as rare or imperiled, the species recorded previously on the Site were observed again in 
1999. Populations of mountain-loving sedge, forktip three-awn, carrionflower 
greenbriar, and dwarf wild indigo were visited and evaluated. All four species were 
observed in vegetative, flowering, and fruiting condition, and their populations appeared 

- to be doing well. 

The mesic mixed grassland was monitored during 1999 to evaluate the quality of the 
grassland and to document any changes in species composition at permanent sampling 
locations. Locations were monitored for species richness, cover, and species frequency. 
Monitoring results continued to document the generally high quality of this plant 
community on the Site. Total community species richness in 1999 (141 species) was the 
same as measured in 1994 and 1995 (143 and 141 species, respectively). Total foliar 
cover and species diversity in 1999 were not substantially different from past 
measurements. 

One measure that has changed substantially from past measurements is the cool-season 
versus warm-season graminoid composition of the mesic mixed grassland. In the past, 
cool-season graminoids, primarily dominated by Japanese brome (commonly known as 
cheatgrass, a non-native grass), provided the highest amounts of vegetation cover in the 
community. However, data from 1999 show that Japanese brome decreased substantially 
and that the native grasses blue grama and side-oats grama had increased. This is a 
positive change for the grassland, because cheatgrass-infested areas typically have lower 
species richness and diversity, less ecosystem stability, increased potential for soil 
erosion, more frequent wildfires, and lower wildlife and livestock utilization., One issue 
however, is whether the results from 1999 are simply transitory, in response to a single 
year’s environmental factors, or in fact, represent a longer-term change. Because 
monitoring is not conducted in this plant community annually-the last monitoring was 
in 1995-it is being recommended that another year of data be collected during 2000 to 
help answer this question. 

, 

During 1999, several activities were conducted under the Vegetation Management 
Program to actively manage the ecological resources at the Site. A number of large 
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projects disturbed native and previously reclaimed grasslands on the Site in 1999. After 
the projects were completed, disturbed areas were revegetated and treated for weed 
control, as required by Site policies, resulting in approximately 23 revegetated acres. As 
part of an effort to prevent weeds from becoming established in previously unrevegetated 
areas, an abandoned firebreak road (approximately 2.3 acres) in the south Buffer Zone 
was revegetated in the fall of 1999. Observations in spring 2000 have shown that some 
of the seeding is coming up. Physical and mechanical weed control measures at the Site 
in 1999 consisted of grading, mowing, and selective hand control. Grading was done on 
18 miles of Buffer Zone firebreak roads, and approximately 1 13 acres were mowed along 
these roadside edges to keep the weeds down. Hand control, consisting of hand pulling, 
using sickles or sling blades, and spot herbicide spraying, was conducted at several 
locations to control localized infestations of scotch thistle, annual rye, and dame's rocket. 
Herbicide applications of Tordon 22K were used to control several hundred acres of 
noxious weed-infested grasslands at the Site during 1999. Primary target species were 
dif ise  knapweed, musk thistle, and mullein; however, other less aggressive exotic 
species such as goatsbeard, curly-top gumweed, alyssum, wild lettuce, small-seeded false 
flax, and some of the tansymustards were also controlled. Approximately 72 acres were 
treated on the ground, while almost 1,500 acres were treated with a helicopter. 

Monitoring results from the aerial herbicide application of Tordon 22K showed that 
diffuse knapweed was effectively controlled at locations sprayed in 1999. Diffke 
knapweed cover dropped to less than 1 percent, and diffuse knapweed frequency was 
reduced substantially in the sprayed areas. Weed-mapping of the aerial spray locations 
showed that the total amount of diffuse knapweed was reduced by 683 acres, from 878 
acres in 1998 to 195 acres in 1999. This represents a 78 percent reduction in the total 
number of diffuse knapweed-infested acres in the areas that were sprayed in 1999. In 
practical terms, this means that essentially no adult diffuse knapweed plants were present 
in the areas that received herbicide treatment. The elimination of adult plants from these 
areas in 1999 means that no additional seed was added to the seed bank, and no plants 
were available to blow away from these areas, further infesting other areas. 

Drift card results from the aerial herbicide application showed that a small amount of 
undesirable drift was observed at some locations during 1999, but observations of the 
plants in these areas throughout the growing season showed no chlorosis, wilting, or 
death of the sensitive native species in these areas. Thus, no impact resulted from the 
drift. However, because drift is not desired, the use of drift cards will continue during 
future aerial herbicide applications. 

i 

Monitoring also continued during 1999, at plots set up in 1997, to evaluate the effect of 
Tordon 22K on diffuse knapweed and native plant species in the xeric tallgrass prairie. 
Results revealed that diffuse knapweed density was significantly reduced after the 
herbicide treatment and continues to remain far below original levels three growing 
seasons after treatment. However, an increase in diffuse knapweed frequency was 
observed in 1999, suggesting that diffuse knapweed is'beginning to come back into the 
area. Weed mapping also suggests that difhse knapweed is beginning to increase in the 
area around the study plots. Data gathered in 1998 showed that there were impacts to 
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species other than diffuse knapweed. There were initially declines in species richness, 
species diversity, forb cover, and cactus density. Data from 1999, however, showed that 
this trend was reversed for all of these measures, with the exception of cactus density, 
which remained low. In 1999, overall species richness in the treatment plot had 
essentially returned to pre-treatment levels. The use of a similarity index showed that 
both the control and treatment plots had essentially the same species composition as was 
present in 1997, further indicating that the herbicide application had not affected overall 
species richness in the long term. Species diversity in 1999 reversed its downward trend 
in the treatment plot and was no longer statistically different from the control plot, 
although numerically it still remained below its original level. Similar trends were 
observed for overall forb cover, native forb cover, and non-native forb cover, which had 
all shown initial declines, but in 1999 were returning toward pre-treatment levels. Each 
of these forb measures in 1999 was no longer statistically different from that in the 
control plots. 

Associated with the initial loss of forb cover was an increase in graminoid cover in the 
treatment plot that kept the total foliar cover essentially parallel to that in the control plot. 
Thus, although some initial declines in abundance were apparent for non-target forbs, 
they have begun to return to normal abundance levels and over the next year or so should 
return to pre-treatment levels. These Site data are in general agreement with studies 
conducted elsewhere that have shown similar effects on other grassland communities 
after treatment with Tordon 22K. Those studies showed that long-term impacts to the 
native species were negligible and disappeared after a few years. It is expected that 
similar results will be seen at the Site. Continued monitoring of the plots will assess the 
long-term effects, and will also determine how long the herbicide controls the diffuse 
knapweed before reapplication is necessary, given the specific conditions at the Site. 
Additional control measures are being recommended for evaluation in 2000 to attempt to 
extent the length of effective control after large-scale spraying efforts. 

Weed mapping (by density categories) continued to indicate that the most serious threat 
to the xeric tallgrass prairie and other plant communities on the Site is from noxious 
weeds. The most widespread noxious weed species in 1999 was dalmatian toadflax, 
which covered nearly 2,507 acres, followed by diffuse knapweed (2,295 acres), musk 
thistle (1,353 acres), and common mullein (1,068 acres). This reflects a change from the 
past, when difhse knapweed was the most abundant noxious weed on the Site. From 
1998 to 1999, the total acreage Site-wide infested by diffuse knapweed and musk thistle 
decreased by 6 18 and 332 acres, respectively, largely due to the aerial herbicide 
application conducted in May 1999. Common mullein acreage for the Site increased due 
to a large increase in the scattered density category; however, the high-, medium-, and- 
low density categories decreased, largely because of the aerial spraying. Dalmatian 
toadflax acreage showed an increase of more than 500 acres from 1998 to 1999. The 
cause of this large increase is unknown, although qualitative observations suggested that 
1999 was apparently a bumper-crop year for dalmatian toadflax at the Site. This 
information will prove helpful as the Vegetation Management Program continues to 
actively control weeds and manage the ecological resources at the Site. 
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In conclusion, vegetation monitoring in 1999 continued to document the generally high 
quality of the native plant communities at the Site. The ecological resources at the Site 
continue to provide an important island of biodiversity in a region where much of the 
native diversity is being lost to urbanization. However, the results also continue to 
underscore the serious 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 
wildfires and/or grazing. However, the data indicate that, beneath the sometimes visually 
dominant weedy appearance, the native plant communities are still present and viable. In 
fact, management actions such as weed control have improved the condition of the 
grasslands at the Site. Continued active management of these native communities is 
necessary if they are to survive over the long term and maintain their ecological value. 
Through good stewardship and use of best management practices, the Site’s current 
ecological resource management plan and vegetation management program provide 
direction for managing the resources in a sustainable manner. As stewards of the 
ecological resources at the Site, Kaiser-Hill and DOE continue to strive to preserve and 
maintain these unique,resources into the future. 
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1. Introduction 

Rocky Flats Environmental Technology Site (Site) is a U.S. Department of Energy 
(DOE) facility located on the Colorado Piedmont east of the Front Range between 
Boulder and Golden, Colorado. The Site is located in Jefferson County, approximately 
16 miles northwest of downtown Denver (Figure 1). In production from 1951 through 
1989, the Site manufactured nuclear weapons components for the Cold War. Since 
shutdown,’ it has been classified as a Superfimd site and is currently undergoing cleanup 
and closure. One of the DOE’S goals for natural resource management has been to 
preserve the unique ecological resources found at the Site (K-H 1997a). 

At an elevation of approximately 6,000 feet, the Site contains a unique ecotonal mixture 
of mountain and prairie plant species, resulting from the topography and proximity to the 
mountain front. The Buffer Zone, the area surrounding the Industrial Area, is one of the 
largest remaining undeveloped areas of its kind along the Colorado Piedmont (approx. 
5,600 acres; K-H 1997b). A number of plant communities at the Site have been 
identified as increasingly rare and unique by the Kaiser-Hill Company (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 (CNHP 1994; 1995). 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, and Hops blue 
and Arogos skipper butterflies (CNHP 1994; 1995). 

The 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. The goal of vegetation monitoring is to assess the status and 
quality of the plant communities on the Site, document any trends, and assess the 
effectiveness of various management techniques. Ecological monitoring provides 
integral data for determining whether the management objectives and goals for the plant 
communities at the Site are being achieved (K-H 1997a,b). Annual reports are produced 
to synthesize and interpret the information, providing the DOE with important and timely 
information necessary for wise stewardship and best management of the Site’s ecological 
resources. 

This report summarizes the results of the vegetation monitoring conducted during 1999. 
Several monitoring techniques were used to evaluate the status and condition of the plant 
communities on the Site. General descriptions of the methods used are outlined in the 
following section, with summaries of the monitoring results presented in subsequent 
sections. Detailed technical reports for each of the specific monitoring activities 
conducted in 1999 are found in Appendix A. 

. 
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2. Methods 

Vegetation monitoring is conducted at the Site using several methods designed to meet 
the monitoring objectives. During 1999, monitoring 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, and quantitative assessments to determine the effectiveness of 
herbicide applications and potential associated impacts to the native plant communities. 

2.1 High-Value Vegetation Surveys 

The goal of the high-value vegetation monitoring is to qualitatively assess the status and 
. condition of the high-value plant communities (xeric tallgrass prairie, tall upland 
shrubland, selected wetlands, and Great Plains riparian woodland) on the Site and to 
document any changes in these areas. The high-value plant communities at the Site are 
those identified by the K-H Ecology Group and the CNHP as containing significant or 
rare ecological resources at both the local and regional scale (K-H 1997b; CNHP 1994, 
1995). 

The objectives of the high-value vegetation monitoring are to qualitatively: 

Assess the species richness of the plant communities 

Identify any rare plant populations 

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 applications 

Assess the impacts of disturbance on the plant communities 

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

2.1.1 Species Richness Surveys 

The Great Plains riparian woodland and selected wetlands were monitored in 1999 as part 
of the rotating schedule for monitoring high-value vegetation communities on the Site. 
These communities were previously monitored in 1997, when all the high-value 
vegetation communities were monitored for the first time. Species richness was 
inventoried in each of the ten Great Plains riparian woodland units and three wetland 
management units (Figures 2 and 3). Inventories were conducted by traversing each 
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management unit twice during the growing season (in spring and late summer) and 
recording all vascular plant species observed. Attempts were made to visit, as completely 
as possible, all areas and microhabitats of each specified plant community that occur 
within each management unit. 

2.1.2 Weed Mapping Surveys 

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. Weed mapping 
was conducted on foot during the high-value vegetation surveys in the Great Plains 
riparian woodland and wetlands, 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 during 1999 included difhse knapweed 
(Centaurea diffusa), musk thistle (Carduus nutans), dalmatian toadflax (Linaria 
dalrnatica), common mullein (Verbascum thapsus), Russian knapweed (Centaurea 
repens), annual rye (Secale cereale), Scotch thistle (Onopordum acanthiurn), dame’s 
rocket (Hesperis rnatronalis), and jointed goatgrass (Aegilops cylindrica). Canada thistle 
(Cirsiurn awense) was not mapped because it is common throughout most of the 
wetlands on the Site, and the wetlands map would therefore provide a good indication of 
the infested areas. 

Four species-diffuse knapweed, musk thistle, dalmatian toadflax, and common 
mullein-were mapped based on infestation densities. The other species listed above 
were mapped by presence/absence only. Infestation areas were classified in 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. In general, a high-density category indicated 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 the species 
was present in fewer numbers and did not visually dominate the landscape, but was 
beginning to establish a foothold in the community and was in need of control. The 
scattered-density category indicated a sporadic occurrence of the species. The noxious 
weed populations and distributions were drawn in the field on 44x34-inch sitewide base 
maps. It should be noted that the boundaries shown on the maps are 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. 

2.1.3 Photographic Documentation Surveys 

Photographs were taken at all permanent high-value vegetation photo-point locations 
during 1999. Woody vegetation photographs were taken at selected photo points during 
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the winter months in 1999, and summer photographs were taken at all photo points 
during the summer of 1999. Photographs were taken in the same compass directions as 
past photographs from these photo points. Comparisons were made to past photographs 
to evaluate changes in the plant communities. 

2.1.4 Qualitative Habitat Assessment and Rare Plant Surveys 

Qualitative habitat assessments were made in each of the high-value vegetation 
community management units on the Site during 1999. Assessment objectives dealt 
primarily with habitat loss, threats to the plant community, weed issues, rare plant 
species, the health of dominant plant species in the community, and general community 
quality. Attempts were also made to revisit each of the locations where CNHP-listed 
plant species of special concern are known to occur. 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 during the 1997 field season. Locations 
were revisited in 1999 to confirm the continued presence of these species on the Site and 
to evaluate any concerns regarding them. 

Further details on the qualitative methods used in 1999 are found in the document High- 
Value Vegetation Survey Plan for  the Rocky Flats Environmental Technology Site (K-H 
1997~)  and The Environmental Management Department Operating Procedures Manual 
(DOE 1995a). 

2.2 Quantitative Vegetation Monitoring Techniques 

The objectives of the quantitative vegetation monitoring are to assess plant community 
changes over time (i.e., trends) and/or changes in response to management actions (e.g., 
herbicide application, prescribed fire). In 1999, quantitative vegetation monitoring was 
used for evaluating long-term trends on the mesic mixed grassland, evaluating the effects 
of herbicide applications on the noxious weed diffuse knapweed and on native prairie 
species, and gathering pre-burn data on the xeric tallgrass prairie at locations scheduled to 
be burned in spring 2000. 

Quantitative methods used. to assess plant communities included: 

Belt transects (species richness and woody plant and cactus density) 

Point-intercept transects (foliar and basal cover) 

Quadrats (species frequency and selected plant densities). 
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2.2.1 

2.2.2 

2.2.3 

Belt Transects 

Species richness was measured in a 2-m-wide belt centered along each permanent 50-m 
transect. Every plant species rooted within the 100-m2 area was recorded. In addition, 
the densities of woody plant and cactus stems were counted by species for the 1 00-m2 
area and recorded. Species richness was sampled in both the spring and late summer, 
while woody plant and cactus density in the belt transects was measured only in the 
spring. 

Point-Intercept Transects 

Basal cover and foliar cove; 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 types of hits were recorded: 

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 the order of priority based on 
the protection from erosion provided by each ty$e of cover. A basal 
vegetation hit was 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 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. 

Cover was sampled in the late summer only, when plant growth was at its maximum. 

Quadrats 

Frequency information by species was gathered by randomly locating five 1 -m2 quadrats 
along each transect and recording all species present in each plot. Density counts were 
made of selected weed species (which varied depending on the individual study) within 
each of the quadrats. Quadrats were sampled in both the spring and late summer. 

For more detailed information on the quantitative methods used in 1999 for specific 
projects, refer to the technical reports in Appendix A or the Environmental Monitoring 
Department Operating Procedures Manual (DOE 1995a) and the High Value Vegetation 
Survey Plan for the Rocky Flats Environmental Technology Site (K-H 1997c). 
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2.3 Data Analyses 

Prior to analysis, all data were checked for quality assurance and quality control 
(QNQC), following previously accepted and applied steps for ecological data at the Site 
(K-H 1997d). Descriptive and graphical comparisons and summaries of the data were 
prepared for most data sets. Appropriate statistical analyses were also conducted on the 
data where feasible. Further details on the specific analyses conducted on particular data 
sets are found in the technical reports in Appendix A. 
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3. Results and Discussion 

I 

3.1 Mesic Mixed Grassland 

During 1999, three permanent monitoring sites (TR02, TR04, and TRl 1) in the mesic 
mixed grassland community, last monitored in 1995, were monitored again to reassess 
and document any change (Figure 4; DOE 1995b; K-H 1997b). Species richness, cover, 
and frequency were monitored at all three sites. Species richness and frequency were 
monitored both in the spring and late summer 1999. Cover was monitored only in late 
summer 1999. Monitoring results from 1999 were compared to past data to determine 
whether any changes had taken place. 

Total community species richness in 1999 (14 1 species) was the same as measured in 
1994 and 1995 (143 and 141 species, respectively). Total species richness at sites TR04 
and TRl 1 in 1999 was only slightly higher than past values, indicating that little change 
had occurred at these sites (Table 1). At TR02, however, a decrease of 15 species was 
noted from the 1995 species richness values (Table 1). Most of these species were forbs, 
which were likely impacted by the aerial herbicide application that was done at this site 
in May 1999. Of those not present in 1999, 80 percent were native species’and 20 
percent were non-native species. Based on studies elsewhere on the Site that are 
examining the impact of herbicide treatments on non-target species, it is expected that 
this decline in species richness will return to pre-treatment levels in the next year or two. 
It, should also be noted that, in many cases, these species were missing from the 
monitoring transects themselves, but they could often be found outside the transect 
boundaries. Therefore, they were not eliminated from the grassland. Future monitoring 
will document the return of these species to these transects. The percentage of native 
species at each site remained consistent with past measurements (Table 1). 

Litter cover in mesic mixed grassland in 1999 (7 1 percent) was substantially higher than 
that documented in 1995 (59 percent; IC-H 1997b). The high litter amounts continue to 
underscore the need for prescribed fire and/or grazing to help remove the built-up dead 
plant matter on the grasslands at the Site. Planning for a spring 2000 prescribed burn on 
some of the grasslands at the Site is underway and will help address this problem. Fire 
will reduce litter loads (reducing the chance of a catastrophic wildfire) and recycle tied- 
up nutrients, thus increasing the vigor and health of many of the native species. 

’ 

Total foliar vegetation cover for the mesic mixed grassland community in 1999 was not 
substantially different from past measurements (Table 2). Additionally, total graminoid 
cover and total forb cover across all sites combined were within previously measured 
amounts, suggesting that no changes in the community structure have occurred (Table 2). 
Species diversity (Shannon-Weaver; Brower and Zar 1977), a measure of species 
richness and abundance, changed little and actually increased slightly from past 
measures. The percent of cover from native plant species increased in 1999 compared to 
past measurements, which had shown continuing declines for the years 1993-1995 at all 
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three sites and in the community as a whole (Tables 2-5). This reversal suggests some 
improvement in the mesic mixed grassland community, which may be at lease partially 
explained by the changes in cool-season versus warm-season graminoid cover, discussed 
below. While total non-native foliar cover decreased in the community, non-native forb 
cover remained little changed across all sites combined, indicating that the weeds are still 
a problem in general (Table 2). However, at TR02 where the aerial herbicide application 
was conducted, declines in both native and non-native forb cover were observed 
(Table 3). The declines in native forb cover were expected, and these species should 
return to pre-treatment levels over the next few years, based on other studies where 
Tordon 22K has been sprayed (Rice and Toney 1996; Rice et al. 1997). , 

One measure that has changed substantially from past measurements is the cool- versus 
warm-season graminoid composition of the mesic mixed grassland. In the past, cool- 
season graminoids accounted for approximately 70 percent of the total foliar cover on the 
mesic mixed grasslGnd at the Site, while warm-season graminoids accounted for 5- 
14 percent (Table 2). In 1999, cool-season graminoid cover dropped significantly to 
about 50 percent of the total cover, while warm-season graminoid cover increased 
significantly to approximately 32 percent (Table 2; Figure 5).  The loss of cool-season 
graminoid cover is due largely to the 26-percent reduction in the cover of Japanese brome 
(non-native) and 6 percent loss of western wheatgrass (native) observed from 1995 to 
1999 (Table 2). Although relative cover values are mentioned here because these are best 
used to describe the actual species composition of the vegetation present, the absolute or 
actual cover of these species also declined by similar amounts, meaning that the changes 
are real (Table 2). 

) '  
, 

Previously, Japanese brome had the highest cover of all species on the mesic mixed 
grassland. As an annual grass, large fluctuations in Japanese brome cover are possible 
because of annual fluctuations in the timing of precipitation events (Rosentreter 1994). 
This fact, combined with a lack of cover data for the years 1996-1998, makes 
interpretation of the 1999 results difficult. Maybe the low cover of Japanese brome and 
other cool-season graminoids observed in 1999 is part of a normal cyclical fluctuation in 
response to environmental conditions, or it may be part of a continual decline that has 
been occurring over the past several years. The lack of a continuous data set (Le., three 
years of missing data) and other biotic and abiotic measurements makes it difficult to say 
for sure. The fact remains, however, that in 1999, Japanese brome and cool-season 
graminoids in general accounted for substantially less cover than had been observed in 
the past on the mesic mixed grassland. 

With respect to the large increase in warm-season graminoid cover, it is important to note 
that it was not just a mathematical reversal in terms of relative foliar cover (Le., loss of 
relative cover of one thing [cool-season graminoids] does not automatically mean an 
increase in something else). There were substantial increases in the absolute or actual 
cover of the warm-season graminoid species blue grama and sideoats grama, both of 
which are native grasses to the region (Table 2). One possible explanation for this shift 
in composition may have to do with the timing and amounts of precipitation received in 
different years. In 1999, above-average summer precipitation appeared to have benefited 
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many of the other warm-season graminoid species at the Site. Species like big bluestem 
(Andropogon gerardii), little bluestem (Andropogon scoparius), indiangrass 
(Sorghastrurn nutans), and mountain muhly (Muhlenbergia montana) all flowered 
profusely on the Site in 1999. In addition, examination of the Site precipitation data for 
the last eight years showed that, for three out of the past four years, the Site has received 
above-average precipitation for the July through September time frame ( F i w e  6). This 
could account for some of the noticed increase in warm-season cover, because the 
summer precipitation would be most beneficial to the warm-season species. It is also 
interesting to note, however, that no similar decreases in spring precipitation were 
apparent that might account for the cool-season species decreases over the same time 
period (Figure 6). Without data on the warm-season graminoid cover for the years 1996- 
1998, it is difficult to arrive at a more definitive answer. There are no data that support 
the hypothesis that a continual increase in cover has occurred since 1995, or alternatively, 
that this was simply a change seen in 1999 alone. This issue illustrates one of the 
problems that arises when monitoring is not done on an annual basis: when changes are 
noted between data sets, interpretation becomes difficult because the intermediate 
information that is necessary to determine trends is missing. 

Taken separately, the individual sites also demonstrated these differences, although with 
some variation. The change in cool-season versus warm-season graminoid composition 
was most pronounced at TR02, where the warm-season graminoids actually became the 
dominant species in 1999. Relative foliar cover of warm-season graminoids at TR02 
increased from 8 percent in 1995 to just over 50 percent in 1999, with most of this 
increase coming from blue grama and sideoats grama (Table 3). Relative foliar cover of 
cool-season graminoids decreased from 66 percent to 40 percent during the same time 
period (Table 3). In addition to the increased summer precipitation mentioned above as a 
possible reason for this change in composition, this site also received the aerial herbicide 
treatment of Tordon 22K that was applied in mid-May 1999. By the time the herbicide 
was applied, most of the cool-season graminoid species would have been growing and 
getting ready to flower. Thus, by the time the herbicide actually affected the target 
species and some of the non-target species, the ability of the cool-season graminoid 
species to take advantage of the reduced competition would have passed. Instead, the 
warm-season graminoid species, which would have just started their growth period, 
would have been able to take advantage of the reduced competition and increased 
summer precipitation, thus perhaps accounting for much of the increase in cover. 

Similar large changes in cool- versus warm-season graminoid cover were also observed 
at TR04, however, which received no herbicide treatment (Table 4). At TRl 1 , increased 
warm-season and decreased cool-season graminoid cover was also observed, but the 
differences were much smaller (Table 5). Thus, although there was a substantial shft in 
composition across all sites combined, the magnitude of the shift varied among the sites. 
This variability may be due to microsite differences and, at TR02, the herbicide 
treatment. From a management standpoint, the shift in graminoid composition observed 
in 1999 is a beneficial one. Japanese brome and downy brome, commonly referred to as 
cheatgrasses, are both non-native species that have taken over millions of acres across the 
western United States (Pellant and Hall, 1994). Areas infested by these cool-season 
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annual grasses often have lower species richness and diversity, less ecosystem stability, 
increased potential for soil erosion, more frequent wildfires, and lower wildlife and 
livestock utilization (Rosentreter 1994). This issue has been mentioned previously as a 
potential management concern for the Site (DOE 1995b). The reduction of these species 
in the mesic mixed grassland, as seen in the 1999 data, and a shift to a more perennial, 
warm-season graminoid composition lessens the potential for these adverse effects. 

Based on these results and the criteria mentioned in the Integrated Monitoring Plan (K-H 
1999a), when a substantial change is noted in any of the measured variables, an 
evaluation is recommended to determine whether the management goals are being 
achieved. The large decrease in cover of Japanese brome and increase of warm-season 
perennial native grasses, as mentioned above, is a beneficial change. However, from a 
management standpoint, it is important to know whether this was simply an annual 
fluctuation observed in 1999, or part of a longer-term trend. Therefore, it is suggested 
that monitoring the mesic grassland sites again during 2000 be considered. A second 
year of continuous data would help answer this question. 

The detailed technical report for the mesic mixed grassland monitoring conducted in 
1999 is found in Appendix A. 

3.2 Pre-Burn Monitoring for Prescribed Burn 

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, and help with weed control, the use of prescribed bums is being planned to help 
manage the grassland communities at the 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. During 1999, a 
prescribed burn was proposed for the xeric tallgrass prairie plant community, to be 
conducted in the spring of 2000. To evaluate the effect of the prescribed burn on the 
plant community, a monitoring program was instituted to provide quantitative monitoring 
data for the following questions of interest: 

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

2. What impact will a prescribed bum 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? 
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5. How does the fire response of the xeric tallgrass prairie at the Site 
compare to the response of the tallgrass prairie of the eastern great 
plains, or to that of the more mesic tallgrass prairie found on City of 
Boulder open space? 

relative forb cover amounts have ranged from 10 to 39 percent (K-H 1999b). 

percent, Table 7), compared to past measurements at other locations that have ranged 
from 61 to 90 percent (K-H 1999b). The lower forb and higher graminoid cover is to be 
expected however, as a result of the herbicide treatment that these areas received in the 
spring of 1999. 

The control and treatment locations were dominated by big bluestem, mountain muhly, 
and Canada bluegrass (Table 7). Although the order of dominance differed between the 
control and treatment locations, all three species are the dominant graminoid species on 
the xeric tallgrass prairie at the Site. Warm-season and cool-season grasses accounted for 
nearly equal amounts of relative foliar cover at the control and treatment locations, and 
this is one of the measures that it is hoped would be changed by a prescribed burn. The 
two predominant cool-season grasses at the control and treatment locations are Kentucky 
bluegrass (Poa pratensis) and Canada bluegrass, both non-native species. One of the 
objectives for a spring prescribed burn is to reduce the amount of exotic cool-season 
graminoid cover and increase the native warm-season graminoids. Thus, a spring 
prescribed burn would have the greatest impact on the cool-season grasses, particularly 

I Additionally, graminoid cover was higher in the control and treatment areas (9395 

I 

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

Three control plots (no bum; BC1, BC2, and TRO1) and three treatment plots (bum; BT1, 
BT2, and BT3) were monitored in 1999 (Figure 4). At each plot, five randomly located 
50-m transects were sampled for species richness, cover, and frequency. Sampling was 
conducted from September 9 through 24, 1999. Due to the timing of the decision to 
pursue conducting a controlled burn, it was not possible to collect any pre-burn spring 
data for the xeric tallgrass prairie. Thus, the study will evaluate only the late-summer 
effects on the prairie. Additionally, in May 1999, all six sites were sprayed by helicopter 
with Tordon 22K to help control the noxious weed diffuse knapweed (Centaurea diffusa). 
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Kentucky bluegrass and Canada bluegrass, and should reduce the foliar cover of both 
species. 

A prescribed burn will also reduce the high litter amounts found on the xeric tallgrass 
prairie. Seventy-seven percent of the ground surface was covered with dead plant litter in 
the treatment areas. Pre-burn monitoring of the prescribed burn area, in spring 2000, 
showed total biomass amounts of 465 g/m2 (41 52 lbdacre). The high litter amounts on 
the prairie at the Site contribute substantially to the potential for wildfires. In addition, 
the litter ties up nutrients that are currently unavailable for plant growth. Part of the goal 
of a prescribed burn is to remove much of this litter, thereby reducing the potential for 
catastrophic wildfire and also recycling nutrients. Monitoring after the prescribed fire , 

will determine to what degree this goal has been accomplished. 

Of the measurements that differed between the control and treatment locations, cactus 
densities were higher at the treatment locations. Twistspine prickly pear (Opuntia 
macorhiza) density was 1.2 stems/m2 in the treatment areas and 0.36 stems/m2 in the 
control areas. Hedgehog cacti (Echinocereous viridflorus) density was 1.1 stems/m2 in 
the treatment areas and 0.93 stems/m2 in the control areas. Individual species frequencies 
differed considerably between the control and treatment areas for many species (Table 8). 
This is understandable for many of the less frequently encountered species on the xeric 
tallgrass prairie. However, even for the dominant graminoid species-big bluestem, 
mountain muhly, and Canada bluegrass--frequency values differed by 20-30 percent 
between the control and treatment areas.. Monitoring in 1998 showed a similar pattern of 
high variability on the xeric tallgrass prairie in general (K-H 1999b). Because frequency 
is a measure of both the evenness and commonness of a species across the landscape, 
these data reveal the heterogeneous nature of the species distribution of the xeric tallgrass 
prairie at the Site. The combination of bunchgrasses, like big bluestem and mountain 
muhly, and rhizome or turf grasses like Canada bluegrass, creates a mosaic pattern of 
species distribution. Such a pattern is common in natural communities because of 
variations in microclimate and microtopography that influence such factors as light, 
temperature, soil moisture, and soil type. 

1 

The 1999 xeric tallgrass prairie monitoring data have provided a good baseline of 
information for both control and treatment locations prior to the prescribed burn slated 
for spring 2000. The data also reveal the heterogeneous nature of the species distribution 
and species composition of the xeric tallgrass prairie community at the Site. These 
results will provide useful information to evaluate how the use of prescribed burning as a 
management tool will affect the species composition and structure of the xeric tallgrass 
prairie at the Site. 

The detailed technical report for the prescribed fire monitoring conducted in 1999 is 
found in Appendix A. 
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3.3 Great Plains Riparian Woodland 

A total of 350 plant species were recorded during surveys in the Great Plains riparian 
woodland at the Site during 1999 (Table 9). Of these, 77 percent were native species. 
This was an increase of 14 species, compared to the 1997 Site inventory, which found 
274 species in the community. Four of these species were new to the Site species list: 
alkali bluegrass (Poa juncifolia Scribn.), rough bugleweed (Lycopus asper Greene), 
common gooseberry (Ribes inerme Rydb.), and hedge bindweed (Calystegia sepium (L.) 
R. Br. ssp. angulata). A Sorensen similarity index (an index to evaluate species richness 
similarity between locations; Brower and Zar 1977) using presence/absence data from the 
two years yielded a value of 0.88, indicating a high floristic similarity between years, as 
would be expected. Examination of the species lists from both years (Table 9) shows no 
substantial difference in the inventory results. The different species observed during the 
two 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. 

Examination of the qualitative habitat assessment data from the Great Plains riparian 
woodland management units in 1999 revealed concerns similar to those reported 
previously (IC-H 1998). The biggest management issue in the Great Plains riparian 
woodland, as well as the biggest threat, is from weeds-especially diffuse knapweed and 
Canada thistle. Diffuse knapweed is especially prevalent in the Rock Creek and Woman 
Creek drainages at many locations. The dry, rocky, disturbed conditions on old stream 
terraces in these drainages are especially conducive to diffuse knapweed establishment. 
At many of these locations, difbse knapweed occurs in abundance in the canopy 
openings between the trees and shrubs, making control difficult (Figure 7). Canada 
thistle is present along most of the stream reaches on the Site and is increasing at many 
locations. Comparison of riparian woodland permanent photo-point photographs from 
1997 and 1999 shows how Canada thistle has increased at this location in Walnut Creek 
(Figures 8 and 9). 

At many locations, other weed species-such as Dame’s rocket, bouncingbet (Saponaria 
oficinalis), chicory (Chicorium intybus), stinging nettle (Urtica dioica), musk thistle, 
dalmatian toadflax, annual rye, common mullein, and numerous other less aggressive 
species-are also problems in the riparian community. During 1999, control of the 
noxious weed Dame’s rocket was initiated at a woodland location west of the A-1 pond 
in Walnut Creek. Once the plants flowered, all the plants found along the stream had 
their tops cut off, using a sickle, to prevent seed set. Visits were made throughout the rest 
of the summer to cut the tops off of any additional flowering plants. It is hoped that 
similar efforts over the next few years will prevent further seed set in the drainage and 
stress the plants to the point where they will eventually die. The small size of the 
population makes mechanical control a viable tool to eradicate the weed at this, the only 
known population location on the Site. Similar control is recommended for other small, 
isolated noxious weed populations in the Great Plains riparian woodland on the Site to 
prevent larger problems from developing. 

Streambank erosion was noted as a concern along the reach of Great Plains riparian 
woodland between the B-4 and B-5 ponds. In this area, the stream cuts down to bedrock 
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in several places, and during high-water events, has begun to cut horizontally, removing 
large pieces of the streambank. Several locations have been washed away, resulting in 
streambank collapse during 1999 (Figures 10 and 11). If left unattended, it is likely that 
some of the trees and shrubs growing along the stream will eventually be lost as they are 
undercut and fall over. This is of concern at this location because the area is a known 
Preble's meadow jumping mouse population location, and the loss of trees and shrubland 
could reduce the quality and amount of available habitat for the mouse. 

' 

Aside from these concerns, the Great Plains riparian woodland in general appeared 
healthy and continues to provide valuable habitat for numerous wildlife species at the 
Site. No visible signs of disease, predation, injury, or die off of any of the dominant 
riparian trees and shrubs were observed. Most appeared to have flowered and produced 
fruit during 1999. Comparison of the permanent photo-point photographs of the Great 
Plains riparian woodlands in 1997 and 1999 showed no substantial changes in the 
riparian vegetation during this time frame. 

I 

3.4 Wetlands 

A total of 246 plant species were recorded during surveys at the three wetlands monitored 
during 1999 (Table 10). This was a decrease of 14 species, compared to the 1997 Site 
inventory, which found 260 species in the community. Of these, 76 percent were native 
species. One of the species (water parsnip [Berula erecta (Huds.) Cov. var. incisum]) 
found at the wetlands in 1999 was a new record for the Site. A Sorensen similarity index 
using presence/absence data from the two years yielded a value of 0.83, indicating a high 
floristic similarity between years, as would be expected. Examination of the species lists 
from both years (Table 10) shows no substantial difference in the inventory results. The 
different species observed during the two years are mostly a result of the slight 
differences in routes used to traverse the management units, and of the natural annual 
variability in the abundance of individual species. 

Examination of the qualitative habitat assessment data from the wetland management 
units also revealed concerns similar to those reported previously (K-H 1998). The 
management issue of greatest concern in the wetlands, as well as the biggest threat, is 
from weeds, particularly Canada thistle. Canada thistle was present at moderate to high 
infestation levels at all three wetlands monitored on Site in 1999. Another noxious 
thistle, bull thistle (Cirsium vulgare), also seemed to be present in higher amounts thai  
were noted previously. Butter-and-eggs (Linaria vulgare), another state-listed noxious 
weed, was found growing in the Antelope Springs wetland, near locations where it had 
been found previously growing only in mesic grasslandwet meadow ecotonal areas. The 
issue of weed control at the Site is discussed in greater detail later in this report. 

Aside from the weed management concerns in the wetlands, the community appeared 
healthy and continues to provide habitat for a variety of wildlife on the Site. No visible 
signs of disease, predation, injury, or die off of any of the dominant wetland ipecies were 
observed. Comparison of the permanent photo-point photographs of the wetlands in 

14 



1997 and 1999 showed no substantial changes in the wetland vegetation during thls time 
frame. 

A substantial amount of litter (dead plant material) was present at all three monitored 
wetlands. The use of prescribed burning would help reduce this litter load and return 
tied-up nutrients to the plants, increasing the vigor and health of the community. 
Currently, the prescribed burn planned for spring 2000 is slated to burn across most of the 
Antelope Springs wetland in the south Buffer Zone, which would help alleviate this 
problem at that location. 

3.5 Rare Plants 

Observations were made during 1999 of each of the plant species of concern listed by the 
CNHP as rare or imperiled that occur on the Site. Populations of mountain-loving sedge, 
forktip three-awn, carrionflower greenbriar, and dwarf wild indigo were visited and 
evaluated. All four species were observed in vegetative, flowering, and fruiting 
condition, and their populations appeared to be doing well. Figure 12 shows the known 
locations where these species have been observed on the Site. 

3.6 Site Flora 

As a result of the 1999 field work, a total of ten new records of vascular plant species are 
reported for the Site. Plant nomenclature follows that of GPFA (1986), Weber (1976), 
and Weber (1 990), in that order of determination. The new plant species reported for the 
Site flora are: 

Poa juncifolia Scribn. 
Berula erecta (Huds.) Cov. var. incisum 
Lycopus asper Greene 
Astragalus lotiporus Hook. 
Ribes inerme Rydb. 
Calystegia sepium (L.) R. Br. ssp. Ungulata 
Coronilla varia L. 
Trifolium repens L. 
Ceanothus fendleri A. Gray 
Lolium perenne L. var. aristatum Willd. 
Lolium perenne L. var. perenne 

Alkali Bluegrass 
Water Parsnip 
Rough Bugleweed 
Lotus Milk-Vetch 
Common Gooseberry 
Hedge Bindweed 
Crown Vetch 
White Clover 
Buckbrush 
Italian Ryegrass 
Perennial Ryegrass 

None of the new species recorded on Site in 1999 is a rare species or state-listed noxious 
weed. The complete list of plant species known to occur at Rocky Flats as of the end of 
the 1999 field season is found hi Appendix B. Voucher specimens of these species are 
maintained in the Site herbarium. 
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3.7 Weeds and Weed Control 

At present, the most serious threat to the native plant communities on the Site is from 
noxious weed infestations. Although many species of weeds exist in the plant 
communities at the Site, most are not especially problematic. However, under the 
Colorado Noxious Weed Act (CRS 1996), a number of particularly noxious weeds must 
be controlled by property owners to prevent their spread to surrounding lands. Some of 
these weeds pose a significant threat to the plant communities at the Site. During 1999, 
the Site’s weed control program used a variety of methods to address these problems. In 
addition, monitoring was conducted to ascertain the effectiveness of ground and aerial 
herbicide applications on diffuse knapweed, and to assess any associated impacts to 
native species, in addition to mapping the distribution of various weed species. Weed 
control efforts and results from the monitoring conducted in 1999 are discussed in 
general below. Detailed technical reports outlining the Site’s weed control efforts in 
1999, and more detailed results of the weed control monitoring, can be found in 
Appendix A. 

. 

i 3.7.1 1999 Weed Control Efforts at the Site 

During 1999, the integrated weed management program at the Site continued to work 
toward controlling infestations of several noxious weed species in the Buffer Zone. 
Several methodologies were applied to control current infestations and prevent new ones 
from starting. These included the use of administrative and cultural controls, physical 
and mechanical methods, biological controls, and chemical controls. Strides were made 
in controlling several large infestations of diffuse knapweed, musk thistle, and mullein, in 
addition to other smaller infestations of scotch thistle, annual rye, and dame’s rocket. 

Cultural and administrative controls were used during 1999 for several large projects that 
disturbed native and previously reclaimed grasslands on the Site (Figure 13). After 
project completion, revegetation and weed control of the disturbed areas was required by 
Site policies (K-H 1999c). The total acreage revegetated in project areas in 1999 was 
approximately 23 acres. As required by the 1999 weed control plan (K-H 1999c), each of 
the projects used weed-free topsoil, seed, and mulch. In addition, the seed mix used for 
revegetation was approved by and/or provided by the K-H Ecology Group to preclude the 
introduction of undesirable species to the Site. 

As part of an effort to prevent weeds from becoming established in previously’ 
unremediated areas, an abandoned firebreak road in the south Buffer Zone was 
revegetated in the fall of 1999 (Figure 13). Because the road crossed through two . 
different plant communities, xeric tallgrass prairie and mesic mixed grassland, it was 
seeded with native species to match the surrounding plant communities at specific 
locations. Approximately 2.3 acres were seeded. Additional information and 
photographs of the project and road revegetation efforts are available on the CD-ROM 
found in Appendix C of this report. 
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Physical and mechanical controls used at the Site in 1999 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 going to seed and spreading further (Figure 14). 
Approximately 1 13 acres were mowed along these roadsides during 1999. Grading was 
conducted along approximately 18 miles of firebreak roads in the Buffer Zone to 
maintain the roads and also to prevent roadside weeds from going to seed and spreading 
further (Figure 14). Approximately 66 acres of road were graded in 1999. Hand control 
in 1999 was conducted at several locations to control localized infestations of scotch 
thistle, annual rye, and dame’s rocket. Hand control consisted of hand pulling, using 
sickles or sling blades, and spot herbicide spraying. 

No new biological controls (insects) were introduced on the Site during 1999. However, 
several species that were released previously to control musk thistle, St. John’s-wort 
(Hypericum perforaturn), dalmatian toadflax, and diffuse knapweed continue to do a 
good job of containing infestations of musk thistle and St. John’s-wort. They have been 
much less effective at controlling infestations of dalmatian toadflax and diffuse 
knapweed, however. 

Herbicides were used to control several hundred acres of noxious weed-infested 
grasslands at the Site during 1999. Figure 15 shows the locations of ground and aerial 
applications of the herbicide Tordon 22K in 1999. Primary target species were diffuse 
knapweed, musk thistle, and mullein; however, other less aggressive exotic species such 
as goatsbeard (Tragopogon dubius), curly-top gumweed (Grindelia squarrosa), alyssum 
(Alyssum minus), wild lettuce (Lactuca serriola), small-seeded false flax (Camelina 
microcarpa), and some of the tansymustards (Descurania ssp.) were also controlled. 
Approximately 72 acres were treated on the ground, while almost 1,500 acres were 
treated with a helicopter (Figures 16 and 17). Excellent control of the diffuse knapweed, 
musk thistle, and mullein was achieved at most locations treated (Figures 18-20). The 
residual effect of the Tordon 22K is expected to help provide continuing control of these 
species for the next few years, precluding the need for annual retreatment at these 
locations. 

As part of the ongoing integrated weed management program, the sharing of information 
and planning strategies with other local agency weed coordinators and resource managers 
is an important component, because coordinated efforts among land owners is essential 
for long-term control. During 1999, two specific weed tours were conducted in the 
Buffer Zone, sponsored by different groups at the Site. The K-H Ecology Group brought 
ecologists from the City of Boulder Mountain Parks and City of Boulder Open Space 
departments to the Site to view firsthand the effects of the aerial and ground herbicide 
applications. The DOE, in coordination with the Colorado Weed Network, sponsored a 
tour with the assistance of Site ecologists, to show 55 local weed coordinators and 
resource managers the effects of large-scale ground and aerial herbicide applications for 
controlling diffuse knapweed in the Buffer Zone. These tours provided an opportunity to 
show the public some of the resource management actions being conducted to preserve 
the ecological resources at the Site. The K-H Ecology Group also disseminated 
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information to Site personnel through meetings, personal communication, and Site 
newspaper articles. I n  addition, K-H ecologists attended regional weed control meetings 
and the annual 1999 Colorado Weed Management Association conference to keep up to 
date with the most recent knowledge and advances in weed control. 

3.7.2 Weed Monitoring 

3.7.2.1, Weed Mapping 

The 1999 weed distribution maps for diffuse knapweed, musk thistle, dalmatian toadflax, 
and common mullein are shown in Figures 2 1 through 24, respectively. Five additional 
species-annual rye, Russian knapweed, Scotch thistle, dame’s rocket, and jointed 
goatgrass-were mapped in 1999 because of their aggressive nature and their recent. 
appearance at various locations on the Site. The distributions of these species are shown 
in Figures 25 and 26. 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 using the GIS coverages. Table 11 contains the estimated total acreage 
and acreage-by-density category for each of the species, based on the maps. The species 
with the greatest extent on the Site in 1999 was dalmatian toadflax, covering nearly 2,507 
acres, followed by diffuse knapweed (2,295 acres), musk thistle (1,353 acres), and 
common mullein (1,068 acres). (The Site covers approximately 6,485 acres in total [K-H 
1997b1). Table 11 also lists the total number of acres for annual rye, Russian knapweed, 
Scotch thistle, dame’s rocket, and jointed goatgrass. It should be noted that all these 
acreages are only approximate and should not be interpreted as exact areas. Also, these 
values represent known locations for these species. It is possible that unmapped 
infestations are present as well. 

Table 12 shows the total infested acreages for diffuse knapweed, dalmatian toadflax, 
musk thistle, and common mullein for 1997, 1998, and 1399. Most of the large increases 
in infestation acreages for dalmatian toadflax, musk thistle, and common mullein 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 allowed more accurate 
estimates of their infestation levels in 1998 and 1999, which produced the higher acreage 
estimates. 

From 1998 to 1999, the total acreage site-wide infested by diffuse knapweed and musk 
thistle decreased by 6 18 and 332 acres, respectively, largely due to the aerial herbicide 
application conducted in May 1999. Common mullein acreage was also decreased for the 
high, medium, and low density levels largely because of the aerial spraying. Overall 
common mullein acreage for the Site increased, however, due to the large increase in the 
scattered category. Dalmatian toadflax acreage showed an increase of more than 500 
acres from 1998 to 1999. The reasons for this large increase are unknown, although 
qualitative observations suggested that 1999 was a bumper-crop year for the species. The 
increase may have resulted from a high amount of flowering in 1999 (Figure 27), which 
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increased the visibility of the species in areas where it had not been obserLed previously. 
Whatever the reason, the substantial amount of dalmatian toadflax present at the Site 
presents a control challenge, because no effective control methods are available at present 
for large-scale dalmatian toadflax infestations. Certain herbicides applied at high rates 
can kill dalmatian toadflax, but the high rates also kill all the other forbs on the grassland. 
Therefore, this is not an acceptable method, given the management objectives at the Site. 

3.7.2.2 Aerial Herbicide Application Monitoring 

During May 1999, the herbicide Tordon 22K was applied from a helicopter to control 
diffuse knapweed and other noxious weeds on approximately 1,500 acres at the Site. 
Figures 28 and 29 show the locations of the aerial herbicide application in 1999 and the 
pre- and post-treatment diffuse knapweed densities at these locations in 1998 and 1999, 
respectively. Comparison of the maps demonstrates the dramatic effect of the spraying. 
At the aerial herbicide application locations, the total amount of diffuse knapweed 
present was reduced by 683 acres, from 878 acres in 1998 to 195 acres in 1999 (Table 13, 
Figure 30). This represents a 78 percent reduction in the total number of diffuse 
knapweed-infested acres in the areas that were sprayed in 1999. In practical terms, this 
means there were essentially no adult diffuse knapweed plants observed at these 
locations, which means that no additional seed was added to the seed bank and no plants 
were available to blow away from these infestations, to further infest other areas. Figures 
3 1 and 32 illustrate visually the dramatic decrease in diffuse knapweed that was observed 
at most of the treatment locations. 

In addition to the mapping effort, the effectiveness of the 1999 aerial herbicide 
application of Tordon 22K on diffuse knapweed was evaluated using a set of 30 control 
plots and 30 treatment plots (0 .5~1  .O m). The sites used were AS-1, AS-2, and AS-3 
(Figure 4). Diffuse knapweed cover was estimated visually at each plot. Control plots 
were covered after initial monitoring to prevent the herbicide from reaching the plants 
and surface of the ground (Figure 33). 

Results from the plots showed that the aerial herbicide application of Tordon 22K by 
helicopter was very effective at controlling dif ise  knapweed. Diffuse knapweed cover 
dropped significantly, to less than 1 percent, in the sprayed plots (Figure 34). This was in 
sharp contrast to the significant increases observed in the control plot (Figure 34). 
Additionally, diffuse knapweed frequency was reduced significantly in the sprayed areas 
(Figure 35). Qualitative observations elsewhere indicated similar success at most 
treatment areas on the xeric tallgrass prairie, except where small spots were missed 
inadvertently. The aerial application most effectively controlled diffuse knapweed on the 
flat areas on top of the pediment, where the application was consistent and even. The 
residual effect of Tordon 22K is such that similar effectiveness should be seen in these 
areas for the next 3 to 4 years. 

I 

Diffuse knapweed remained only along a few flight lines where areas were accidentally 
missed (Figure 29; southwest areas of Site). Control on one of the hillsides in northern 
Rock Creek was less consistent, however, and overall diffuse knapweed densities were 
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reduced less (Figure 29; northern-most locations on Site). It is unknown why control was 
not as effective on this particular hillside. 

Both ground and aerial herbicide applications of Tordon 22K have been shown to be 
effective at controlling diffuse knapweed at the Site. Observations indicate that its 
effectiveness is similar through aerial application is similar to that of ground application. 

Drift cards were used to detect herbicide drift beyond the specified spray areas where 
sensitive habitats (Le., shrublands, streams, wetlands, and woodlands) were present. Drift 
cards were typically located in two parallel lines along the edges of the spray areas. The 
drift cards detected small amounts of herbicide at a few locations, but observations of the 
sensitive native plapts in these areas throughout the growing season showed no chlorosis, 
wilting, or death. Although no undesirable impact resulted from the herbicide that went 
beyond the spray areas, drift is not desired, and drift cards will be used in hture aerial 
herbicide applications. Additionally, aerial applicators will continue to be educated about 
the importance of maintaining appropriate buffer areas. As necessary, more detailed 
maps and flagging of spray boundaries in the field should be considered for better 
delineation of buffer-area boundaries in sensitive areas. 

The detailed technical report for the aerial herbicide monitoring conducted in 1999 is 
found in Appendix A. 

3.7.2.3 Ground Herbicide Application Monitoring on Diffuse Knapweed and 
Native Plant Species 

In 1997, an investigation was begun to evaluate the effectiveness of ground applications 
of the herbicide Tordon 22K on difhse knapweed, and to document any resulting impacts 
on native species. The study was conducted at sites DKC and DKT, northwest of the 
Industrial Area at the Site (Figure 4). Overall species richness in the treatment area 
declined by 12 species immediately after the herbicide application in 1997, but by 1999, 
overall species richness had almost completely returned (only one species less than the 
original number in 1999; Table 14, Figure 36). A Sorensen coefficient of similarity index 
(an index used to evaluate species similarity between locations) was used to evaluate the 
species richness similarity within the control and treatment plots from spring 1997 to 
summer 1999. An index value of 0.83 resulted for both plots, indicating high similarity 
between pre- and post-treatment. An additional comparison of similarity between the 
control plot and the treatment plot for spring 1997 and summer 1999, showed essentially 
no difference either, indicating no long-term loss of species richness as a result of the 
herbicide application. 

At a finer scale, using quadrat data, the number of species 'per quadrat was significantly 
lower in the treatment plot, as compared to the control plot, only.immediately after the 
herbicide application during summer 1997 (Figure 37). After this, the treatment plot 
response paralleled that of the control plot, indicating no substantial change in species 
richness at this scale. Therefore, although there was some slight initial depression of 
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species richness in response to the herbicide application, after three growing seasons, it 
essentially returned to pre-treatment levels. 

Species diversity (a measure of species richness and abundance; Shannon-Weaver index) 
declined immediately after the herbicide application in the treatment plot (Figure 38). It 
reached its lowest level in summer 1998, when it was significantly different from the 
control plot, before beginning to return toward pre-treatment levels in 1999. Although 
the species diversity in the treatment plot still'remains below its initial level and that of 
the control plot, the diversity indices in 1999 were no longer significantly different from 
those of the control plot. Continued monitoring will evaluate how long it takes for 
species diversity on the xeric tallgrass prairie at the Site to fully return to pre-treatment 

. levels. 

The response of diffuse knapweed, the primary target species of the herbicide application, 
has been dramatic. The herbicide application reduced the diffuse knapweed in the 
treatment plot to a densities far below the original value, and that level of control was 
maintained in 1999 (Figure 39). Diffuse knapweed cover also remains at less than 1 
percent of the total relative foliar cover (Tables 15 and 16). In the control plot, however, 
spring diffuse knapweed densities have increased by a factor of five, and summer 
densities have also increased (Figure 39). The ongoing control of diffuse knapweed 
observed in the treatment plot is critical, because it reduces the number of adult plants 
that are available to produce additional seed and,to blow across the landscape spreading 
the seed. It is important to note, however, that with time, diffuse knapweed density will 
begin to increase again in the treatment plot, as a result of seed still remaining in the seed 
bank and from immigration of new seed from off-site sources (Le. grasslands and mining 
areas to the west). If no further control measures are taken, the density could reach and 
potentially exceed pre-treatment levels in a few years. 

Although diffuse knapweed density continues to be maintained at a low level, frequency 
data for the treatment plot showed that after bottoming out at 20 percent in 1998, diffuse 
knapweed frequency increased to 44 percent in 1999 (Table 17). Additionally, in the 
larger area surrounding the treatment plot, which received the same herbicide application, 
weed mapping results have begun to show a return of diffuse knapweed. Thus, although 
the herbicide continues to control the diffuse knapweed in the treatment plot, long-term 
integrated weed control using multiple methods is necessary to sustainable this control. 
This is especially important because of the potential long-term impacts that the native 
plants in the community could experience in response to repeated long-term herbicide 
applications. Cooperative weed control in conjunction with surrounding land owners 
would help address the issue of seed being transported onto the Site. 

. 

The responses of the non-target species on the xeric tallgrass prairie varied, but fell 
within generally expected parameters. One of the non-target species groups that was 
most affected was the cacti, particularly the twistspine cactus. Twistspine cactus density 
was reduced by 87 percent, from approximately 79 stems/100 m2 in 1997 to 10 stems/100 
m2 in 1999. This decrease was statistically significant. Most of these cacti turned yellow 
initially after the herbicide application and later died. The hedgehog cactus, the other 
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common species on the xeric tallgrass prairie, was less severely affected and, while 
showing a numerical loss of just over 50 percent, the loss was not statistically significant. 
Continued monitoring will document whether the cacti begin to return to the treatment 
plot, but any return will be gradual because cacti are slow-growing plants. 

Total absolute (actual) cover on the xeric tallgrass prairie was not substantlally affected 
by the herbicide treatment-changes in the treatment plot mostly paralleled changes 
observed in the control plot (Figure 40). This statistic is important, because it 
demonstrates that no large unvegetated areas were created on the prairie as a result of the 
herbicide application. Instead, other species (graminoids) expanded, filling in the canopy 
where other species were reduced as a result of the spraying. 

The forb, or broadleaf, non-grass component of the prairie, both non-native and native, 
was affected by the herbicide treatment. This effect was expected though, because 
Tordon 22K, though most injurious to certain plant families, is still a broadleaf herbicide. 
Total relative forb cover declined for the first two field seasons after treatment, reaching 
its lowest point in summer 1998. By 1999, the third season after treatment, it was no 
longer significantly different from the control plot and was returning to pre-treatment 
levels (Figure 41). Non-native relative forb cover was eliminated from the treatment plot 
during 1998, the second growing season after treatment, but began to return again in 1999 
(Figure 42). Diffuse knapweed relative cover accounted for less than half of the 
returning non-native forb cover in 1999 and was itself less than 1 percent of the total 
relative cover at the treatment plot. 

Native relative forb cover dropped initially after the herbicide application and reached its 
lowest point during the summer of the second season after treatment. In the third season, 
native relative forb cover was no longer significantly different from the control plot and 
was returning to pre-treatment levels (Figure 43). Continued monitoring will determine 
how long it takes for native forb cover to fully return to pre-treatment levels. This is 
important because it is not desirable to re-treat the area with a broad-spectrum, broadleaf 
herbicide if the native forb component of the community has not shown that it can return 
to its pre-treatment level of abundance . Repeated broadcast applications with a broad- 
spectrum herbicide, without allowing appropriate time for the native forbs to rebound, 
could potentially stress them to the point of elimination from the grassland, which would 
be an undesirable result. 

A broadcast application of a more species-specific herbicide such as Transline, which 
controls diffuse knapweed very effectively with little impact to other species, might be 
useful as a follow-up a few years after a Tordon 22K application. One drawback to 
Transline, however, is its lack of a multi-year residual effect-it would have to be applied 
annually to remain effective. The use of selective wick applications andor hand control 
is planned for FY2000, to evaluate the effectiveness of these methods for extending the 
interval between applications of Tordon 22K. 

The loss of relative forb cover was offset by an increase in relative graminoid cover, in 
response to reduced competition from forb species (Figure 44). The increase in relative 
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graminoid cover in the treatment plot began after the herbicide application and continued 
through 1999, three growing seasons after the herbicide treatment (Figure 44). The 
warm-season grasses responded to the herbicide application by increasing their relative 
cover. This increase was most pronounced immediately after the treatment (Figure 4 3 ,  . 
although the changes were not significant'. This effect most likely resulted from applying 
the herbicide in mid-June 1997, thereby reducing the competition of forbs for much of 
the rest of the growing season and giving the warm-season species the greatest benefit. 
The cool-season graminoid response was delayed until the following season, when it was 
able to take advantage of the reduced forb competition and showed increases as well 
(Figure 46), some of which were significant. By 1999, it was apparent that much of the 
graminoid community was returning to normal. The treatment plot cool-season 
graminoids had returned to the level of the control plot in summer 1999, and the 
treatment plot warm-season species had returned to the control plot level in spring 1999. 
The warm-season increase, above that of the control in summer 1999, is most likely due 
to the higher precipitation received during summer 1999 and the continued reduced forb 
competition. Monitoring during 2000 will confirm whether the overall graminoid cover 
response returns to pre-treatment levels and remains essentially equal to that of the 
control plot. 

. 

Data from the Site are consistent with the 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 spraying with Tordon 22K. Rice and Toney (1 996) 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 Tordon 22K, but recovered after 2-3 years. 
Both of these studies also indicated that, as a result of lost weed and forb cover (Le., 
reduced competition), the graminoid component of the community responded vigorously. 
In the Lo10 National Forest in Montana, Henry (1 998) reported that two years after 
spraying with Tordon 22K, 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 
7 14 percent increase in grass biomass. 

The only substantial difference between the Site data and the data from these other 
studies is in the recovery time for some of the measures. The Montana study on native 
plant communities had recovery times of 2-3 years (Rice and Toney, 1996; Rice et al., 
1997), whereas some measures in the Site treatment plot have not returned numerically to 
pre-treatment levels after three growing seasons, although most measures in the treatment 
plot are no longer statistically different from those in the control plot. Continued 
monitoring will document the time needed for complete recovery under the specific 
conditions of the xeric tallgrass prairie at the Site. Ths  information will be useful in 
improving weed control strategies and better managing the Site's grassland communities 
for the long term. 



, 

3.8 Photographic Monitoring 

Photographic monitoring at permanent photo point locations during 1999 showed varying 
degrees of change in comparison to photographs taken in 1997. At many locations, little 
or no change was evident in the plant communities. At other locations, however, large 
differences were apparent, often as a result of management actions (Le., weed control 
efforts) or because noxious weeds had become more dominant on the landscape. Figures 
8 and 9 show an area in Walnut Creek where Canada thistle increased dramatically over a 
2-year period. Diffuse knapweed infestations were dramatically reduced where an aerial 
herbicide application was applied on the xeric tallgrass prairie (Figure 47) and on a 
hillside in Rock Creek (Figure 18). A map of the permanent photo-point locations that 
has been linked to pairs of comparison photographs taken in 1997 and 1999 is available 
on the CD-ROM in Appendix C of this report. 

3.9 Disturbances 

During 1999, several projects disturbed approximately 23acres of the native plant 
communities at different locations in the Buffer Zone (Figure 13). Most of this 
disturbance was in the mesic mixed grassland, reclaimed grassland, and a small amount 
of Great Plains riparian woodland. At the conclusion of each project, the disturbed areas 
were revegetated using certified weed-free native seed mixes and weed-free mulch. 
Photographs and maps of the project areas and revegetation efforts are found on the CD- 
ROM in Appendix C. 

Other disturbances to the native plant communities on the Site came primarily from 
unauthorized off-road driving (Figure 48). Several off-road locations showed evidence 
that spinning tires that had removed the vegetation entirely, creating bare spots (Figure 
49). From a resource management standpoint, these incidents create two problems. First, 
unauthorized off-road driving spreads weed seeds from the Buffer Zone road edges 
further into undisturbed areas of the native prairie. Second, the bare spots created by 
spinning tires create disturbance patches in the previously undisturbed native prairie, and 
these patches then become islands of weeds that then spread seed into the native prairie. 
Given the weed control issues at the Site, unauthorized off-road driving is inconsistent 
with the Buffer Zone resource management policy of preserving and maintaining the 
high-quality ecological resources found at the Site. Administrative measures were taken 
during 1999, and continue at present, to address and eliminate this problem. 
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4. Conclusions 

Vegetation monitoring in 1999 continued to document the generally high quality of the 
native plant communities at the Site. The Site continues to provide a haven for many 
increasingly rare plant communities that are disappearing rapidly from the Front Range of 
Colorado. The results, however, also continue to underscore the issues that threaten the 
quality and long-term sustainability of the Site's ecological resources. These threats 
come primarily from weeds, human disturbances, and plant litter build up. Active 
resource management being practiced at the Site has helped alleviate some of these 
threats. Aerial and ground herbicide applications have dramatically reduced the amount 
of diffuse knapweed and other weeds on the prairie, enhanced the vigor and health of 
many native graminoid species, and improved the aesthetic appearance of the grasslands. 
The reintroduction of prescribed burning for prairie management has been pursued, and a 
prescribed burn is scheduled for spring 2000. Project disturbances have been revegetated 
with native species to return these areas to native prairie. These resource management 
efforts are having a positive effect on the native plant communities. 

Although recent'herbicide applications have successfully controlled diffuse knapweed in 
the treated areas, with minimal impact on other prairie species, long-term control will 
require the integration of other methods to help maintain the lower diffuse knapweed 
levels in the treated areas. Without this integrated control approach, diffuse knapweed 
levels will return to pre-treatment levels, requiring additional herbicide applications. 
Long-term reliance on herbicides is not a practical solution, because repeated applications 
are likely to be detrimental to many of the native prairie species, not to mention the 
prohibitive costs associated with this type of management. Additionally, coordinated 
efforts with off-site agencies and property owners are needed to prevent the constant 
reintroduction of weed seed into treated areas from off site. 

Despite these concerns, however, the data indicate that beneath the sometimes visually 
dominant weedy appearance, the native plant communities are still present. The Site 
represents some of the last remaining strongholds for many of the rare plant communities 
that were once more common along the base of the Front Range. Monitoring results 
indicate that management actions are having their desired effects. Continued active 
management of these native communities should provide a lasting legacy for future 
generations. 

, 
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6. 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 hngi 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. 
(gramskquare 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. 

Graminoids - Grasses, sedges, or rushes. 
I 

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

'Perennial - A plant that lives its lifecycle over the course of multiple years. 

Prescribed bums or fire - A prescribed, 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'- Pertaining to, or on 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 is an index that 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., difhse knapweed or 
musk thistle). 

Treatment - The plot, quadrat, transect, site, or location, that receives a specific 
management action (e.g. weed control, prescribed bum , 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. 

Wick application - A method of applying herbicide by direct contact to selected 
individuals of the target species. 

Xeric - Dry or characterized by scant moisture; tolerating or adapted to arid conditions. 
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Figure 2. Diffuse knapweed monitoring plot and transect locations. 
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Figure 7. Diffuse knapweed growing on a dry, elevated stream terrace with coyote 
willow and leadplant in the Rock Creek drainage. 



Figure 8. Canada thistle just beginning to establish along the riparian corridor in Walnut 
Creek in 1997. Photograph below shows how the infestation increased over a two year ' 

period. 

Figure 9. Canada thistle infestation at the same location as shown above (Figure 1-5) in 
Walnut Creek two years later in 1999: 



Figure 10. Continued streambank erosion below the B-4 dam spillway in 
Walnut Creek is causing the loss of riparian shrubland essential as 
Preble’s meadow jumping mouse habitat. 

Figure 1 1. Streambank erosion along the woodlands below the B-4 dam 
in Walnut Creek. 
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FY 1999 Ground and 
Aerial Herbicide Application 
Locations Using Tordon 22K 

Figure 15 
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Figure 16. Helicopter conducting aerial herbicide application at Rocky Flats 
Environmental Technology Site. 

Figure 17. Helicopter refueling and refilling herbicide tanks during aerial herbicide 
application operations at Rocky Flats Environmental Technology Site. 



1997 

1999 
Figure 18. The top photograph taken in 1997 shows a substantial diffuse knapweed infestation (brown areas) on this 

hillside at the Site. The bottom photograph was taken in 1999 approximately three months after the hillside was 
treated with Tordon 22K, applied by helicopter. 



1997 

1999 
Figure 19. Note the abundance of musk thistle in the top photograph taken in 1997 (the tall plant in the right 

foreground and scattered across the prairie in the background). In addition to controlling diffuse knapweed which 
was spreading into this area, the aerial herbicide application also controlled the musk thistle. The bottom 

photograph was taken approximately 3 months after the application of Tordon 22K. 



1997 

Figure 20. In 1999, an aerial herbicide application of Tordon 22K (applied by helicopter) was done to control 
diffuse knapweed across portions of the xeric tallgrass prairie at the Site. In addition to controlling diffuse 

knapweed, another noxious weed, common mullein, seen in the 1997 photograph as a virtual "forest" was also 
controlled. Only the dead stalks from previous years are seen in the 1999 photograph taken approximately 3 months 

after spraying. 
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1999 Musk Thistle 
(Carduus nutans) 

Distribution 
Figure 22 
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1999 Dalmatian Toadflax 
(Linaria dalmatica) 

Distribution 
Figure 23 

MAP LEGEND 
High Density Areas 

Medium Densiiy Areas 

Izz] Low Density Areas 

a Scattered Density Areas 

Standard Map Features 

Buildings = Lakes & Ponds - Streams 8 dlches 
Fences - Paved roads 
Dirt roads 
Contours (20 n) 

- 
- 
_ _  

1:23552 
1000 0 1000 2000 Feet 
hh 

State Plane Coordinate Projection 
' Colorado Central Zone 

Datum: NAD27 

U.S. Department of Energy 
Rocky Flats Environmental Technology Site 
R.p.,td F I .  
br 

K a ~ t . H I l 1  Fponent'' Company. LLC 



1999 Mullein (Verbascum thapsus) 
Distribution 

Figure 24 
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1999 Scotch Thistle (Onopordum acanthium). 
tussian Knapweed (Centaurea repens). Dame's 
Rocket (Hesperis matronalis). and Annual Rye 

(Secale cereale) Distribution 

Figure 25 
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1999 Jointed Goatgrass 
(Aegilops cylindrica) 

Distribution 

Figure 26 
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1998 Diffuse Knapweed 
Pre-Aerial Herbicide 

Application Distribution 
Figure 28 
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1999 Diffuse Knapweed I 

Post-Aerial Herbicide 
Application Distribution 

Figure 29 
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Figure 3 1. Diffuse knapweed infestation near the AS-2 monitoring plot in 1997. Notice 
the high density of diffuse knapweed (reddish colored plant) in the foreground. 

Figure 32. The same area near the AS-2 monitoring plot in 1999 after the aerial herbicihe 
spraying. Only the remains of the previous year's dead knapweed stalks remain. 

Otherwise the area is devoid of adult diffuse knapweed plants, thus preventing seed set in 
the area during 1999 and reducing the chance of infestation spread. 



Figure 33. Control plot quadrat locations covered with plastic prior to aerial herbicide 
application. Notice all the previous year's dead diffuse knapweed plants (light brown 

plants) scattered about. 
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Figure 34. Diffuse knapweed cover in the control and treatment plots, pre- and post-treatment by aerial 
herbicide application. 
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Figure 35. Diffuse knapweed frequency in control and treatment plots pre- and post-treatment by 
aerial herbicide application. 
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Figure 36.. 1997-1 999 species richness totals at the control and treatment plots by sampling event. 
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Figure 37. 1997-1 999 mean number of speciedquadrat at control and treatment plots by sampling event. 
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Figure 38. 1997-1 999 Shannon-Weaver diversity indices at the control and treatment plots by sampling event. 
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Figure 39. Diffuse knapweed densities at control and treatment plots by sampling event. 
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Figure 40. Total foliar vegetation cover at the control and treatment plots by sampling event. 
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Figure 42. Total non-native forb relative foliar cover at the control and treatment plots by sampling event. 
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Figure 43. Total native forb relative foliar cover at the control and treatment plots by sampling event. 
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Figure 44. Total graminoid relative foliar cover at the control and treatment plots by sampling event. 
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Figure 45. Total warm-season graminoid relative foliar cover at the control and treatment plots by sampling event. 
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Figure 46. Total cool-season graminoid relative foliar cover at the control and treatment plots by sampling event. 
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1997 

1999 

Figure 47. Lots of diffuse knapweed (the bushy plants with tiny white flowers in the foreground of the top photograph) was 
present on the xeric tallgrass prairie at this location in the north Buffer Zone in 1997. The May 1999 aerial herbicide 

application provided excellent control of diffuse knapweed as can be seen in the lower photograph taken approximately 3 
months after the application. 



Figure 48. Unauthorized off-road driving in the Buffer Zone creates disturbances and ruts in the plant communities that 
often become infested with weeds. The striped quadrat (1 m x 0.5 m) between the ruts provides scale in this photograph. 

Figure 49. Spinning tires by unauthorized off-road driving has become and increasing problem in the Buffer Zone. The 
bare ground created at this location will need reseeding and weed control to prevent the establishment of noxious weeds. 

The striped quadrat (1 m x 0.5 m) provides some scale to the amount of disturbance created at this location. 
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Table 1. (cont.) 



Table 1. (cont.) 



Table 2. 1993-1995, And 1999 Mesic Mixed Grassland Foliar Cover by Community 



Table 2. (cont.) 

, 



Table 2. (cont.) 

Absolute cover = Absolute foliar cover is the percentage of the number of hits on a species out of the total number of hits possible (1500). 
Relative cover = Relative foliar cover was the number of hits a species had relative to the total number of all vegetative hits recorded per site 
(i.e.. the percent of vegetative cover the species represented). 
All cover values presented are means (n = 15). 
Native categories: Y = Native, N = Non-Native 
Form categories: C = Cactus, F = Forb, G = Graminoid 
CoolMlarm Season categories: C = Cool season species, W Warm season species 



Table 3. 1993-1995, And 1999 Mesic Mixed Grassland Foliar Cover at TR02 



Table 3. (cont.) 

Absolute mver = Absolute foliar mver is the percentage of Ihe number of hits on a species out of the total number of hits possible (500). 
Relative mver = Relative foliar cover was the number of hits a species had relative to the total number of all vegetative hits recorded per site (i.e.. the percent of vegetative cover the species represented), 
All cover values presented are means (n = 5). 
Native categories: Y = Native. N = NonNative 
Form categories: C = Cactus, F = Forb, G = Graminoid 
CooWarm Season categories: C = Cool season species. W = Warm season species 



Table 4. 1993-1995, And 1999 Mesic Mixed Grassland Foliar Cover at TR04 



Table 4. (cont.) 

I 

Absolute cover = Absolute foliar cover is the percentage of the number of hits on a species out of the total number of hits possible (500). 
Relative cover = Relative foliar cover was the number of hits a spedes had relative to the total number of all vegetative hits remrded per site (Le.. the percent of vegetative cover the spedes represented) 
All cover values presented are means (n = 5). 
Native calegories: Y = Native. N = Non-Native 
Form categories: C = Cactus, F = Forb, G = Graminoid 
CoolNVarm Season categories: C = Cool season species, W = Warm season species 



Table 5. 1993-1995, And 1999 Mesic Mixed Grassland Foliar Cover at T R l l  



Table 5. (cont.) 

Absolute cover = Absolute foliar cover is the percentage of the number of hits on a species out of the total number of hits possible (500). 
Relative cover = Relative foliar cover was the number of hits a species had relative to the total number of all vegetative hits recorded per site (Le.. the percent of vegetative cover the speaes represented) 
All cover values presented are means (n = 5). 
Native categones: Y = Native, N = Non-Native 
Form categories: C = Cactus, F = Forb, G = Graminoid 
CoolNVarm Season categories: C = Cool season species, W = Warm season species 



Table 6. 1999 Prescribed Burn Pre-Burn Species Richness 



Table 6. (cont.) 



Table 7. 1999 Prescribed Burn Pre-Burn Foliar Cover Summary 
Control I Treatment 



Table 7. (cont.) 

Scientific Name 
4ndropogon scoparius Michx. 
Bouteloua curtipendula (Michx.) Torr. 
Bouteloua gracilis (H. B. K.) Lag ex Griffiths 
Bouteloua hirsuta Lag 
Buchloe dactyloides (Nutt.) Engelm. 
Muhlenbergia montana (Nutt.) Hitchc. 
Muhlenbergia wrightii Vasey 
Sorghastrum nutans (L.) Nash 
Sporobolus heterolepis (A. Gray) A. Gray 

Speccode 
ANSCI 
BOCUI 
BOGRl 
BOHll 
BUDA1 
MUM01 
MUWRl 
SONUl 
SPHEl 

~ 

W 
W 

Y W 
Y W 
Y W 

ITotal forb cover 
Total native forb cover 
Total non-native forb cover 
Total graminoid cover 
Total native cover 
Total non-native cover 
Total warm-season graminoid cover 
Total cool-season graminoid cover 

e 
n 
C 

Treatment 

Absolute cover = Absolute foliar cover is the percentage of the number of hits on a spedes out of the total number of hits possible (1500). 
Relative mver = Relative foliar cover was the number of hits a species had relative to the total number of all vegetative hits recorded per site (Le.. the percent of vegetative cover the species represented). 

All cover values presented are means (n = 15). 

Native categories: Y = Native. N = Non-Native 
Form categories: C = Cactus, F = Forb, G = Graminoid 

CooWarm Season categories: C = Cool season species, W = Warm season species 
Frequency values are in percent (n = 15). 



Table 8. 1999 Prescribed Burn Pre-Burn Frequency Summary 



Frequency values based on n = 75. 



Table 9. 1997 and 1999 Great Plains Riparian Woodland Species Richness Comparison 

ASTERACEAE Chrysanthemum leucanthemum L. N CHLEl X X 
ASTERACEAE Chrysopsis fulcrata Greene Y CHFUl X X 
ASTERACEAE Chrysopsis villosa Pursh Y CHVll X X 
ASTERACEAE Chrysothamnus nauseosus (Pall ) Britt ssp graveolens (Nutt.) Piper Y CHNA1 X X 



Table 9. (cont.) 



Table 9. (cont.) 



Table 9. (cont.) 



Table 9. (cont.) 



Table 9. (cont.) 



Table 9. (cont.) 



Table 10. 1997 and 1999 Wetland Species Richness Comparison 



Table 10. (cont.) 



Table 10. (cont.) 



Table 10. (cont.) 



Table I O .  (cont.) 



Table I O .  (cont.) 



Table 11. 1999 Estimated Weed Infestation Acreage Summary for 
Rocky Flats Environmental Technology Site 

NA = Data not collected by density level. 

Table 12. Comparison of 1997,1998, and 1999 Weed Infestation Extents at 
Rocky Flats Environmental Technology Site 

All values are acreages. 
See text for density level descriptions. 



Table 13. Comparison of 1998 and 1999 Diffuse Knapweed Pre- and Post-Aerial Herbicide Application 
Infestation Levels at Rocky Flats Environmental Technology Site 

Year Total 
1998 878 
1999 195 

Change -683 
Percent Change -78 

Diffuse Knapweed Density Level 
High Medium Low Scattered 
257 214 246 161 
24 36 68 67 

-233 -1 78 -1 78 -94 
-9 1 -83 -72 -58 



Table 14. 1997-1999 Diffuse Knapweed Herbicide Monitoring Species Richness Summary 



Table 14. (cont.) 



Table 14. (cont.) 



Table 15. 1997-1999 Diffuse Knapweed Herbicide Monitoring Foliar Cover Summary - Control Data 

Absolute wver = Absolute foliar mver is the percentage of the number of hits on a species out of the total number of hits possible (500). 
Relative wver = Relative foliar cover was the number of hits a species had relative to the total number of all vegetative hits recorded per site (Le.. the percent of Vegetative cover the species represented). 
All cover values presented are means (n = 5). 
Native categories: Y = Native. N = Non-Native 
Form categories: C = Cactus, F = Forb, G = Graminoid 
CoolNyarm Season categories: C = Cool season species, W = Warm season species 



, 

COOll 
Warm Spring Summer Spring Summer Spring Summer 

Absolute cover = Absolute foliar cover is the percentage of the number of hits on a species out of the total number of hits possible (500). 
Relative cover = Relalive foliar cover was the number of hits a species had relative to the total number of all vegetative hits recorded per site (Le.. the percent of Vegetative cover the species represented), 
All cover values presented are means (n = 5). 
Native categories: Y = Native. N = NonNative 
Form categories: C =Cactus, F = Forb, G = Graminoid 
CoolNVarm Season categories: C = Cool season species, W = Warm season species 



Table 16. 1997-1999 Diffuse Knapweed Herbicide Monitoring Foliar Cover Summaly - Treatment Data 



Table 16. (cont.) 

Absolute cover = Absolute foliar cover is the percentage of the number of hits on a species out of the total number of hits possible (500). 
Relative cover = Relative foliar cover was the number of hits a species had relative to the total number of all vegetative hits recorded per site (Le., the percent of vegetative cover the species represented) 
All cover values presented are means (n = 5). 
Native categories: Y = Native, N = Non-Native 
Form categories: C = Cactus, F = Forb, G = Graminoid 
CoolNVarm Season categories: C = Cool season species, W = Warm season species 



Table 16. (cont.) 



Table 16. (cont.) 

Absolute cover = Absolute foliar cover is the percentage of the number of hits on a species out of the total number of hits possible (500). 
Relative cover = Relative foliar cover was the number of hits a species had relative to the total number of all vegetative hits recorded per site (i.e.. the percent of vegetative cover the species represented). 
All cover values presented are means (n = 5). 
Native categories: Y = Native, N = Non-Native 
Form categories: C = Cactus, F = Forb, G = Graminoid 
CoolNVarm Season categories: C = Cool season species, W = Warm season species 



Table 17. 1997-1999 Diffuse Knapweed Monitoring Species Frequency Data Summary 

I Frequency (%) at DKC - Control I Frequency (%) at DKT -Treatment 



Table 17. (cont.) 

Frequency (%) at DKC - Control Frequency (%) at DKT -Treatment 
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1. 1999 High-Value Vegetation Surveys 

1 .I Introduction 

The goal of the high-value vegetation monitoring is to qualitatively assess the status and 
quality of the high-value plant communities (xeric tallgrass prairie, tall upland shrubland, 
selected wetlands, and Great Plains riparian woodland) at the Rocky Flats Environmental 
Technology Site (the Site) and to document any changes. 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. The high-value plant communities at the 
Site are those 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-HI 1997a; CNHP 1994, 1995). 

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

0 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 Great Plains riparian woodland and wetland communities were monitored in 
1999. Species richness was inventoried in each of the ten Great Plains riparian woodland 
management units and three wetland management units (Figures 1-1 and 1-2). 
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. 
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1.2.2 Weed Mapping 

Sitewide weed mapping continued for selected species as a means of identifjring high- 
priority treatment areas, monitoring the distribution of specific noxious weed species, 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 1999 included dif ise  knapweed 
(Centaurea diffusa), musk thistle (Carduus nutans), dalmatian toadflax (Linaria 
dalmatica), common mullein (Verbascum thapsus), Russian knapweed (Centaurea 
repens), annual rye (Secale cereale), Scotch thistle (Onopordum acanthium), Dame’s 
rocket (Hesperis matronalis), and jointed goatgrass (Aegilops cylindrica). 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. 

Infestation areas of the four dominant noxious weeds mapped (diffuse knapweed, musk 
thistle, dalmatian toadflax, 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 five 
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 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- x 
34-inch sitewide base maps. The distributions of the other species were drawn on 11- x 
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. 

Dalmatian toadflax mapping was modified in 1999 because several large infestation areas 
on the Site were treated with Tordon 22K (applied from a helicopter) in May 1999. 
Observations after spraying showed that flowering of the species was depressed in June 
1999, but the plants had not been killed. Because mapping for the species is done 
primarily based on the presence of flowering individuals (because non- flowering plants 
are difficult to see from a distance) it was assumed that infestation levels had not changed 
in the sprayed areas since 1998. As a result, the infestation locations and density 
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categories recorded in 1998 were used to represent the infestations of dalmatian toadflax 
in 1999 at the sprayed locations. Any changes resulting from the aerial herbicide 
spraying will be documented during the 2000 mapping effort. 

1.2.3 Photographic Documentation 

Photographs were taken at all 46 permanent photo points during the summer of 1999 
(Figure 1-3). Winter photographic documentation was conducted at the shrbbland and 
woodland photo points during the winter of 1999 to document the condition of these 
areas when the leaves were off the plants. Photographs were taken from established 
photo points in the same compass directions as past photographs. Photographs were then 
compared to those taken in 1997. 

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 1999. 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 during the 1997 field season. Most locations were revisited to c o n f m  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 1999 Ecological Field Monitoring Plans for the Rocky Flats Environmental 
Technology Site (K-H 1999). 

. 

1.3 Results and Discussion 

1.3.1 Site Flora 

As a result of the 1999 fieldwork, a total of ten new records of vascular plant species are 
reported for the Site. Plant nomenclature follows that of GPFA (1 986), Weber (1 976), 
and Weber (1 990), in that order of determination. The new plant species reported for the 
Site are: 

Poa juncifolia Scribn. Alkali Bluegrass 
Berula erecta (Huds.) Cov. var. incisum 
Lycopus asper Greene Rough Bugleweed 
Astragalus lotijlorus Hook. Lotus Milk-Vetch 

Water Parsnip 
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Ribes inerme Rydb. Common Goosebeny 
Calystegia sepium (L.) R. Br. ssp. angulata 
Coronilla varia L. Crown Vetch 
Trifolium repens L. White Clover 
Ceanothus fendleri A. Gray Buckbrush 
Lolium perenne L. var. aristatum Willd. 
Lolium perenne L. var. perenne 

Hedge Bindweed 

Italian Ryegrass 
Perennial Ryegrass 

None of the new species recorded on Site in 1999 is a rare species or state-listed noxious 
weed. The complete list of plant species known to occur at Rocky Flats as of the end of 
the 1999 field season is found in Appendix B of the 1999 Annual Vegetation Report for 
the Rocky Flats Environmental Technology Site. Voucher specimens of these species are 
maintained in the Site herbarium. 

1.3.2 Great Plains Riparian Woodland 

A total of 350 plant species were recorded in the Great Plains riparian woodland at the 
Site during 1999 (Table 1-1). Of these, 77 percent were native species. This was an 
increase of 14 species, compared to the 1997 Site inventory, which found 274 species in 
the community. Four of these species were new to the Site species list: alkali bluegrass, 
rough bugleweed, common gooseberry, and hedge bindweed. A Sorensen similarity 
index (Brower and Zar 1977) using presence/absence data from the two years yielded a 
value of 0.88, indicating a high floristic similarity between years, as would be expected. 
Examination of the species lists from both years (Table 1- 1) shows no substantial 
difference in the inventory results. The different species observed during the two 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. 

Examination of the qualitative habitat assessment data from the Great Plains riparian 
woodland management units in 1999 revealed concerns similar to those reported 
previously (K-H 1998). The biggest management issue in the Great Plains riparian 
woodland, as well as the biggest threat, is from weeds, especially difhse knapweed and 
Canada thistle. Diffuse knapweed is especially prevalent at many locations in the Rock 
Creek and Woman Creek drainages. The dry, rocky, disturbed conditions on old stream 
terraces in these drainages are especially conducive to diffise knapweed establishment. 
At many of these locations, diffise knapweed occurs in abundance in the canopy 
openings between the trees and shrubs, making control difficult (Figure 1-4). Canada 
thistle is present along most of the stream reaches on the Site and is increasing at many 
locations. Comparison of riparian woodland permanent photo point photographs from 
1997 and 1999 shows how Canada thistle has increased at this location (Figures 1-5 and 
1-6). At many locations, other weed species-such as Dame’s rocket, bouncingbet 
(Saponaria officinalis), chcory (Chicorium intybus), stinging nettle (Urtica dioica), 
musk thistle, dalmatian toadflax, annual rye, common mullein, and numerous other less 
aggressive species-are also problems in the riparian community. During 1999, control 
of the noxious weed Dame’s rocket was initiated at the woodland locations west of the 
A-1 ponds in Walnut Creek. Once the plants flowered, a sickle was used to cut the tops 
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off of all the plants along the stream, to prevent seed set. Visits were made throughout 
the rest of the summer to cut the tops off of any new plants that were flowering. It is 
hoped that similar efforts over the next few years will prevent W h e r  seed set in the 
drainage and stress the plants to the point where they will eventually die. The small size 
of the population makes mechanical control a viable tool to eradicate the population at 
this, the only known population location on the Site. Similar control is recommended for 
other small, isolated noxious weed populations on the Site to prevent larger problems 
from developing. Further discussion concerning weed control is found later in this 
technical report. 

Streambank erosion was noted as a concern along the reach of Great Plains riparian 
woodland between the B-4 and B-5 ponds. The stream at this location cuts down to 
bedrock at several locations and, during high-water events, has begun to cut horizontally, 
removing large pieces of the streambank. Several locations were washed away, resulting 
in streambank collapse during 1999 (Figures 1-7 and 1-8). If left unattended, it is likely 
that some of the trees and shrubs growing along the stream will eventually be lost as they 
are undercut and fall over. This is a concern at this location, because the area is a known 
Preble’s meadow jumping mouse population location, and the loss of trees and shrubland 
could reduce the quality and amount of available Preble’s habitat. 

Aside from these concerns, the riparian woodlands in general appeared healthy. No 
visible signs of disease, predation, injury, or die-off of any of the dominant riparian trees 
and shrubs was observed. Most appeared to have flowered and produced fruit during 
1999. Comparison of the permanent photo-point photographs from 1997 and 1999 
showed no substantial changes in the riparian vegetation during this time frame. 

1.3.3 Wetlands 

A total of 246 plant species were recorded at the three wetlands monitored at the Site 
during 1999 (Table 1-2). Of these, 76 percent were native species. This was a decrease 
of 14 species, compared to the 1997 Site inventory, which found 260 species in the 
community. One of the species (water parsnip) found at the wetlands in 1999 was a new 
record for the Site. A Sorensen similarity index (Brower and Zar 1977) using 
presence/absence data from the two years yielded a value of 0.83, indicating a high 
floristic similarity between years, as would be expected. Examination of the species lists 
from both years (Table 1-2) shows no substantial difference in the inventory results. The 
different species observed during the two years are mostly a result of the slight 
differences in routes used to traverse the management units, and of the natural annual 
variability in abundance of individual species. 

Examination of the qualitative habitat assessment data from the wetland management 
units revealed concerns similar to those reported previously (K-H 1998). The 
management issue of greatest concern in the wetlands, as well as the biggest threat, is 
from weeds, particularly Canada thstle. Canada thistle was present at moderate to high 
infestation levels at all three wetlands monitored on Site in 1999. Another noxious 
thistle, bull thistle (Cirsium vulgare), also seemed to be present in higher amounts than 
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previously noticed. Butter-and-eggs (Linaria vulgare), another state-listed noxious weed, 
was found growing in the Antelope Springs wetland, near locations where it previously 
had only been found growing in mesic grasslandwet meadow ecotonal areas. The issue 
of weed control is discussed in greater detail later in this report. 

Aside from the weed management concerns in the wetlands, the community appeared 
healthy. No visible signs of disease, predation, injury, or die-off of any of the dominant 
wetland species were observed. Comparison of the permanent photo-point photographs 
from 1997 and 1999 showed no substantial changes in the wetland vegetation during this 
time frame. A substantial amount of litter (dead plant material) was present at all three 
monitored wetlands. The use of prescribed burning would help reduce the amount of 
litter and return tied-up nutrients to the plants, increasing the vigor and health of the 
community. The prescribed burn planned for spring 2000 is slated to burn across most of 
the Antelope Springs wetland in the south Buffer Zone, which would help alleviate this 
problem at that location. 

1.3.4 Rare-Plant Monitoring 

Of the plant species of concern listed by the CNHP as rare or imperiled, the species 
recorded previously on the Site were observed again in 1999. Populations of mountain- 
loving sedge, forktip three-awn, carrionflower greenbriar, and dwarf wild indigo were 
visited and evaluated. All four species were observed in vegetative, flowering, and 
fruiting condition, and their populations appeared to be doing well. Figure 1-9 shows the 
known locations where these species have been observed on the Site. 

I .3.5 Photographic Documentation 

Photographs were taken at all 46 permanent photo points during the summer of 1999 
(Figure 1-3). Winter photographic documentation was conducted at the shrubland and 
woodland photo points during the winter of 1999 to document the condition of these 
areas when the leaves were off the plants. Comparison of the 1999 photographs to 1997 
photographs taken at the different plant communities on the Site showed that, for most 
locations, little change has occurred in the dominant species or structure of the plant 
communities. In a number of cases, however, the photographs have proven useful for 
evaluating changes in weed populations at specific locations on the Site. The 
photographs show how untreated weed populations have expanded at some locations, and 
where herbicide applications have been made, show the effectiveness of weed control 
treatments. These results and examples are discussed and illustrated in the various 
sections of this report where weeds are discussed. Additional examples of the permanent 
photo-point photographs taken in 1997 and again in 1999, along with interpretation, are 
found on the CD-rom (HVV Photo Point Photos directory) in Appendix C of the 1999 
Annual Vegetation Report for the Rocky Flats Environmental Technology Site. 
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1.3.6 Plant Community Disturbance in 1999 

During 1999, several projects disturbed the native plant communities at different 
locations in the Buffer Zone at the Site (Figure 1-10). A total of approximately 
22.6 acres of plant community was disturbed in the Buffer Zone in 1999. Most of this 
disturbance was in the mesic mixed grassland, reclaimed grassland, and a small amount 
of Great Plains riparian woodland. At the conclusion of each project, the disturbed areas 
were revegetated using certified weed-free, native seed mixes and weed-free mulch. 
Photographs and maps of the project areas and revegetation efforts are found on the 
CD-ROM in Appendix C of the 1999 Annual Vegetation Report for the Rocky Flats 
Environmental Technology Site. 

Other disturbances to the native plant communities on Site came primarily from 
unauthorized off-road driving. Several off-road locations showed evidence of spinning 
tires removing the vegetation entirely, creating bare spots. From a resource management 
standpoint, these incidents create two problems. Unauthorized off-road driving spreads 
weed seeds from the Buffer Zone road edges hrther into undisturbed areas of the native 
prairie. The bare spots created by spinning tires creates disturbance patches in the 
previously undisturbed native prairie, which then become islands of weeds that spread 
seed into the native prairie. Given the weed control issues at the Site, unauthorized off- 
road driving is inconsistent with the Buffer Zone resource management policy, which is 
trying to preserve and maintain the hgh-quality ecological resources found at the Site. 
Administrative efforts were taken during 1999, and continue at present, to address and 
eliminate this problem. 

1.3.7 Weed Mapping 

The 1999 weed distribution maps for diffuse knapweed, musk thistle, dalmatian toadflax, 
and common mullein are shown in Figures 1-1 1 through 1-14, respectively. Five 
additional species-annual rye, Russian knapweed, Scotch thistle, dame’s rocket, and 
jointed goatgrass-were mapped in 1999 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- 1 5 and 1- 16. 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 using the GIS coverages. Table 1-3 
contains the estimated total acreage and acreage-by-density category for each of the 
species, based on the maps. The species with the greatest extent on the Site was 
dalmatian toadflax, covering nearly 2,507 acres, followed by diffuse knapweed (2,295 
acres), musk thistle (1,353 acres), and common mullein (1,068 acres). The total acreage 
of the Site is approximately 6,485 acres (K-H 1997~). The total numbers of acres are also 
shown in Table 1-3 for annual rye, Russian knapweed, Scotch thistle, dame’s rocket, and 
jointed goatgrass. 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. 
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Table 1-4 shows the total infested acreages for diffuse knapweed, dalmatian toadflax, 
musk thistle, and common mullein for 1997, 1998, and 1999. 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 
allowed more accurate estimates of their infestation levels in 1998 and 1999, and thus the 
resulting higher acreages. 

From 1998 to 1999, the total Site acreage infested by diffuse knapweed and musk thistle 
decreased by 61 8 and 332 acres, respectively, largely due to the aerial herbicide 
application conducted in May 1999. Common mullein acreage also decreased for the 
high-, medium-, and low-density levels, largely because of the aerial spraying. Overall, 
however, common mullein acreage for the Site increased due to the large increase in the 
scattered category. 

Dalmatian toadflax acreage showed an increase of over 500 acres from 1998 to 1999. It 
is now the noxious weed with the largest extent at the Site, replacing diffuse knapweed as 
the leader. What accounted for this large increase is unknown, although qualitative 
observations suggested that 1999 was apparently a bumper-crop year for the species. 
Observations at previously known locations of dalmatian toadflax showed that the 
species was extremely visible during 1999 (Figure 1-17), so the increase may have 
resulted from a high amount of flowering that increased the visibility of the species in 
areas where it had not been observed previously. The fact remains, however, that there is 
a substantial amount of dalmatian toadflax present at the Site. This is challenging from a 
control standpoint, because no effective control methods are available for large-scale 
dalmatian toadflax infestations. Certain herbicides applied at high rates can kill 
dalmatian toadflax, but at the high application rates, all the other forbs on the grassland 
are killed, too. Given the management objectives at the Site, this would not be an 
acceptable result. 

Figures 1 - 18 and 1 - 19 show the locations of the aerial herbicide application in 1999 and 
the pre- and post-treatment diffuse knapweed densities at these locations in 1998 and 
1999, respectively. Approximately 1500 acres were treated by helicopter with Tordon 
22K in 1999. The maps show the dramatic response of the diffuse knapweed to the 
spraying. At the aerial herbicide application locations, the total amount of diffuse 
knapweed present was reduced by 683 acres, from 878 acres in 1998 to 195 acres in 1999 
(Table 1-5, Figure 1-20). This represents a 78 percent reduction in the total number of 
diffuse knapweed-infested acres in the areas that were sprayed in 1999. In practical 
terms, this means there were essentially no adult diffuse knapweed plants observed at 
these locations. The elimination of adult plants from these areas in 1999 means no 
additional seed was added to the seed bank and no plants were available to blow away 
from these infestations, further infesting other areas. Figures 1-21 and 1-22 illustrate the 
substantial decrease in diffuse knapweed that was observed at most of the treatment 
locations. 
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Control was best on the flat areas on top of the pediment where the herbicide was applied 
most evenly. Difise knapweed remained only along a few flight lines where areas were 
accidentally missed (Figure 1-1 1; southwest areas of Site). Control on one of the 
hillsides in northern Rock Creek was less consistent, however, and overall densities were 
reduced less (Figures 1-18 and 1-19; northern-most locations on Site). It is unknown 
why control was not as effective on this particular hillside. Overall, the aerial application 
of Tordon 22K for control of diffuse knapweed and other noxious weed species was 
beneficial and generally improved the quality and appearance of the Site’s grasslands. 
The initial response has been increased vigor, health, and flowering of the grasses, 
reduced abundance of diffuse knapweed and other weeds, and an initial decline in the 
abundance of some native forbs. (For more specific information on the longer-term 
effects of Tordon 22K on the grasslands at the Site, from both aerial and ground-based 
applications, see the Technical Reports in Appendix A ofthe 1999 Annual Vegetation 
Report for the Rocky Flats Environmental Technology Site). 

1.4 Impact of Tordon 22K on Prairie Plants 

The impacts of herbicide spraying on both target species and non-target (i.e., native) 
species are an important management concern at the Site. Although weed control is an 
essential tool for natural resource management, and in some cases, herbicides must be 
used due to the scale of the problem, it is desirable to know what impacts can be expected 
as a result of using a particular compound. Over the past three field seasons, qualitative 
observations have documented many of the impacts of Tordon 22K on different plant 
species in the grasslands at the Site. Table 1-6 summarizes these impacts. These results 
are based on observations made during several visits to sprayed areas, with the timeframe 
for the visits ranging from a week or two after initial application to a year or more after 
application. Observations have been made in areas treated by both ground and aerial 
(helicopter) application equipment at an application rate of 1 pinuacre. Four types of 
observations have been recorded. 

NE (no effect)-used where individuals of a given species showed no 
impact from the spraying 

C (chlorosis)-used where individuals of a given species showed 
chlorosis (yellowing of the plant) after spraying 

W (wilting)-used where individuals of a given species began to wilt 
or show structural deformities after spraying 

D (death)-used where individuals of a given species died after 
spraying. 

It should be noted that, in many cases, each species has demonstrated multiple effects 
within the treated areas. No attempts have been made to determine what percentage of a 
species experienced the different effects. In many instances, the differences in how a 
species responded to the herbicide application appear to be attributable to variations in 
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herbicide application method, timing of application, vegetation density during 
application, spraying evenness (resulting from wind fluctuations or areas having been 
missed), soil differences, or other unknown factors. Although many species exhibited 
multiple effects, it was apparent that even the most herbicide-sensitive species were never 
completely eliminated fiom a given area. There were always individuals of each species 
that remained, creating a mosaic effect in many places for most species. This is similar to 
the effects of a prescribed fire in which some areas are hit harder than others. No 
observations of graminoids are included in Table 1-6 because no impacts were observed 
to these species, with the exception of squirreltail grass (Situnion hystrix), which 
occasionally showed some structural deformity in the inflorescence. 

The preceding represents qualitative observations of the effects of Tordon 22K on various 
native and non-native species, given the conditions at Rocky Flats and the application 
methods. No claim is made that these observations are complete or that other results may 
be observed at other locations under different conditions. In evaluating the effects of the 
herbicide on prairie plants, it should also be noted that impacts from the 1997 spraying 
are no longer apparent, and the plant communities do not appear to have suffered long- 
term adverse effects. 

1.5 Conclusions 

Qualitative monitoring of the high-value plant communities during 1999 revealed both 
positive and negative findmgs. Floristically, the Great Plains riparian woodland and 
wetland communities remain diverse and have not changed substantially since they were 
last monitored. No new noxious weeds were found at the Site during 1999. 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 
1999. Although monitoring suggests that the plant communities appear to be doing well 
in general, several management concerns are apparent. The threat of weeds continues to 
be the highest priority. Several weed species continue to degrade the quality of the Great 
Plains riparian woodland and wetland areas on the Site. Diffuse knapweed and Canada 
thistle are the most significant problems in the Great Plains riparian woodland, while 
Canada thistle is the predominant problem in the wetlands. The Site’s weed management 
program has applied various methods to control weeds on the Site (see the Technical 
Reports in Appendix A of the 1999 Annual Vegetation Report for the Rocky Flats 
Environmental Technology Site for a summary of the 1999 Weed Control Program at the 
Site). Although most of these efforts have focused on the weed problems in the 
grasslands in recent years, the weed problem continues to grow along the streams and 
wetlands and thus needs to be addressed there as well. Litter buildup continues to be a 
problem in the plant communities at the Site, and the use of prescribed burning will help 
alleviate this. The Department of Energy’s (DOE’S) shift toward a more active 
ecological resource management program at the Site in recent years continues to address 
these issues. As cleanup and closure of the Site proceeds, it will be important to maintain 
the desire and commitment to preserve and maintain the high quality of the Site’s unique 
ecological resources for future generations. 

1-10 



1.6 References 

Brower, J.E. and J.H. Zar. 1977. Field and laboratory methods for general ecology. 
Wm. C. Brown Company Publishers, Dubuque, IA. 

CNHP. 1994. Natural heritage resources of the Rocky Flats Environmental Technology 
Site and their conservation. Phase 1 : Rock Creek. Final report. Colorado Natural 
Heritage Program, Colorado State University, Fort Collins, CO. 

CNHP. 1995. Natural heritage resources of the Rocky Flats Environmental Technology 
Site and their conservation. Phase 2: The Buffer Zone. Final report. Colorado Natural 
Heritage Program, Colorado State University, Fort Collins, CO. 

DOE. 1995. Environmental Management Department operating procedures manual. 
Vol. V: Ecology. U.S. Department of Energy, 5-21200-OPS-EE. EG&G, Rocky Flats, 
Golden, CO. 

GPFA. 1986. Flora of the Great Plains, 2nd printing with 1991 supplement. Great 
Plains Flora Association. University Press of Kansas, Lawrence, KS. 1402 p. 

K-H. 1997a. Integrated monitoring plan-FY97. Kaiser-Hill Company, LLC, Rocky 
Flats Environmental Technology Site, Golden, CO. 

K-H. 1997b. High-value vegetation survey plan for the Rocky Flats Environmental 
Technology Site. Kaiser-Hill Company, LLC, Rocky Flats Environmental Technology 
Site, Golden, CO. 

K-H. 1998. 1997. Annual vegetation report for the Rocky Flats Environmental 
Technology Site. Kaiser-Hill Company, LLC, Rocky Flats Environmental Technology 
Site, Golden, CO. 

K-H. 1999. 1999. Ecological field monitoring plans for the Rocky Flats Environmental 
Technology Site. Kaiser-Hill Company, LLC, Rocky Flats Environmental Technology 
Site, Golden, CO. 

Weber, W.A. 1976. Rocky Mountain flora. Colorado Associated University Press, 
Boulder, CO. 

Weber, W.A. 1990. Colorado flora: Eastern Slope. University Press of Colorado, 
Niwot, CO. 

1-11 



Figures 



... 

Great Plains Riparian Woodland 
Management Units 

Figure 1-1 

MAP LEGEND 

Great Plains Riparian Woodland 
(Combined Riparian Woodland. 
Willow Shrubland, and Leadplant 
Shrubland Habitat Types) - Great Plains Riparian Woodland 
Management Units 

Standard Map Features 
New Landfill 
Buildings 
Lakes 8 Ponds 
Streams 8 ditches ............ 

...... Fences - Paved roads 
Dirt roads - 

MTA SOURCE‘ 
Mn.~ . rnml  Unl mducltandbwunbnas 
p d d e d b y 6 p a . a .  
Buhlnm. hncc‘. h”fm.Dhv. rc4.d and olhi i  

1:23552 

hh 
1000 0 1000 2000 Feet 

State Plane Coordinate Projection 
Colorado Central Zone 

Datum: NAD27 

U S Department of Energy 
Rocky Flats Environmental Technology Site 
h m r e d  For 
w 

Kalrcr Hlll Exponent’ Cornpar” L U  

MAP ID 2k 0158 MalCI .  ?I  m 



Wetland 
Management Units 

Figure 1-2 

MAP LEGEND 
Wetlands (Combined Wet 
MeadowlMarsh. Short Marsh. 
and Tall Marsh Habitat Types) 

Wetland Management Units - 
Standard Map Features 

17"a.I N e w  Landfill 
Buildings 
Lakes 8 Ponds 

.__ Streams 8 dtches 
Fences 
Paved roads 
Dirt roads 

- .. 
- - 

N 

123552 

P 
1000 0 1000 2000 Feet 

State Plane Coordinate Projection 
Colorado Central Zone 

Datum NAD27 

U S Department of Energy 
?ocky Flats Environmental Technology Site 
.ep".d Fo, 
w 

uanc, MI1 Fponent' Conpan" LLC 

IMP ID 2t-0158 Mxch 14 2ooo 



1999 Permanent Photo Point 
Locations 
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Figure 1-4. Diffuse knapweed growing on a dry, elevated stream terrace with coyote 
willow and leadplant in the Rock Creek drainage. 



Figure 1-5. Canada thistle just beginning to establish along the riparian corridor in 
Walnut Creek in 1997. Photograph below shows how the infestation increased over a 
two year period. 

Figure 1-6. Canada thistle infestation at the same location as shown above (Figure 1-5) 
in Walnut Creek two years later in 1999. 



Figure 1-7. Continued streambank erosion below the B-4 dam spillway in 
Walnut Creek is causing the loss of riparian shrubland essential as 
Preble’s meadow jumping mouse habitat. 

Figure 1-8. Streambank erosion along the woodlands below the B-4 dam 
in Walnut Creek. 
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1999 Revegetation and 
Restoration Locations 

Figure 1-10 
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1999 Diffuse Knapweed 
(Centaurea diffusa) 

Distribution 
Figure 1-1 1 
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1999 Musk Thistle 
(Card uus nutans) 

Distribution 
Figure 1-12 

MAP LEGEND 
High Density Areas 

Medium Density Areas 

Low Density Areas 

a7] Scattered Density Areas 

Standard Map Features 
Buildings 
Lakes 8 Ponds 

- - Streams 8 dtches 
Fences - Paved roads 
Dirt roads 
Contours (20 it) 

__ 

- 
MTA60URCE 

N 

1:23552 - 1000 0 1000 2000 Feet 

State Plane Coordinate Projection 
Colorado Central Zone 

Datum: NAD27 

U S .  Department of Energy 
Rocky Flats Environmental Technology Sitc 

c 
Kinm HI1 Wpon en t* company LLC 

I M P  ID K2.0010 m c h  14 moo 



1999 Dalmatian Toadflax 
(Linaria dalmatica) 

Distribution 
Figure 1-13 
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1999 Mullein (Verbascum thapsus) 
Distribution 

Figure 1-14 
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1999 Scotch Thistle (Onopordum acanthium). 
lussian Knapweed (Centaurea repens). Dame's 
Rocket (Hesperis matronalis), and Annual Rye 

(Secale cereale) Distribution 

Figure 1-15 

MAP LEGEND 
Scotch Thistle lnfestabons 
Russian Knapweed Infestations 
Dame's Rocket Infestations 

0 Annual Rye lnfestabons 

Standard Map  Features 

Buildings 
Lakes 8 Ponds 
Streams 8 ditches 
Fences - Paved roads 
Dirt roads 
Contours (20 It) 

"- ~ 

- 
- 

1:23552 

hh 
1000 0 1000 2000 Feet 

State Plane Coordinate Projection 
Colorado Central Zone 

Datum: NAD27 

U S Department of Energy 
Rocky Flats Environmental Technology Site 
Rcp.,rd FDT 
w 

KIrrDl HI11 JYponent Conprn" Lu:  

MAP ID K2-0013 IAaC6h 14. moo 



:. 
'; 

I 
: .  

1999 Jointed Goatgrass 
(Aegilops cylindrica) 

Distribution 
Figure 1-16 
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1998 Diffuse Knapweed 
Pre-Aerial Herbicide 

Application Distribution 
Figure 1-18 
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1999 Diffuse Knapweed 
Post-Aerial Herbicide 

Application Distribution 
Figure 1-19 
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Figure 1-2 1. Diffuse knapweed covering a hillside in the Rock Creek 
drainage in 1997. 

Figure 1-22. The same hillside in Rock Creek as shown above in Figure 
20 after being treated with Tordon 22K applied by helicopter in 1999. 
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Table 1-1. 1997 and 1999 Great Plains Riparian Woodland Species Richness Comparison 



Table 1-1. (cont.) 



Table 1-1. (cont.) 



Table 1-1. (cont.) 



Table 1-1. (cont.) 



Table 1-1. (cont.) 



Table 1-1. (cont.) 



Table 1-2. 1997 and 1999 Wetland Species Richness Comparison 



Table 1-2. (cont.) 



Table 1-2. (cont.) 



Table 1-2. (cont.) 

ONAGRACEAE 
ONAGWCEAE 
OXALIDACEAE 
PINACEAE 
PLANTAG IN ACE 

Gaura parviflora Dougl. Y GAPAI X X 
Oenothera villosa Thunb. ssp. strigosa (Rydb.) Dietrich 8 Raven Y OEVI1 X X 
Oxalis dillenii Jacq. N OXDII X X 

Plantago lanceolata L. N PLLAl X . X 
Pinus ponderosa Laws Y PIP01 X 



Table 1-2. (cont.) 



Table 1-2. (cont.) 



Table 1-3. 1999 Estimated Weed Infestation Acreage Summary for 
Rocky Flats Environmental Technology Site 

1999 Acreage (Estimated) 
I Densitv Level 

NA = Data not collected by density level 

Table 1-4. Comparison of 1997,1998, and 1999 Weed Infestation Extents at 
Rocky Flats Environmental Technology Site 

All values are acreages. 
See text for density level descriptions. 



Table 1-5. Comparison of 1998 and 1999 Diffuse Knapweed Pre- and Post-Aerial Herbicide Application 
Infestation Levels at Rocky Flats Environmental Technology Site 

Values are approximate number of acres. 
Total area sprayed by helicopter with Tordon 22K in 1999 was approximately 1500 acres. 



Table 1-6. Observed Impacts on Plants Sprayed with Tordon 22K 

BORAGI NAC EAE 
BORAGINACEAE 
BORAGINACEAE 
BRASS IC AC EAE 

Lithospermum multiflorum Torr. NE 
Mertensia lanceolata (Pursh.) A. DC. 
Onosmodium molle Michx. var. occidentale (Mack.) Johnst. NE 
Alyssum minus (L.) Rothmaler var. micranthus (C. A. Mey.) Dudley NE 

W 

W D  



NE = No observed impact to some individuals of the species. 
C = Chlorosis or yellowing of the leaves observed on some individuals of the species. 
W = Wilting or withering on some individuals of the species observed. This could vary greatly from a few leaves withered to 
the flower stalk being twisted and contorted. 
D = Death of some individuals of the species. 
NOTE: Each species often had multiple effects observed on different individuals within the population. No atlempt was done 
to determine what percentage of each species' population received which impact. However, no species was eradicated from the grassland. 
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2. Summary of the 1999 Vegetation Management Program at 
the Rocky Flats Environmental Technology Site 

2.1 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 1999. The regulatory framework governing weed control at the Site includes 
(K-H 1997a): 

0 Federal Noxious Weed Act, Section 15-Management of Undesirable 
Plants on Federal Lands 

Federal Noxious Weed Act, Title 7-AgricultureY Chapter 61- 
Noxious Weeds 

0 Colorado Weed Management Act, 5 35-5.5-1 15, 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 (previously 
called annual weed control plans; K-H 1997b, 1999a) that specify weed control 
applications for each year. The integrated strategy for the Site includes the use of 
administrative and cultural, mechanical and physical, biological, and chemical control 
methods. T h s  report summarizes, by method, the weed control and revegetation/ 
reclamation activities conducted at the Site during FY 1999. 

2.2 Administrative and Cultural Controls 

During 1999, several large projects disturbed native and previously reclaimed grasslands 
on the Site (Figure 2-1). After the projects were completed, revegetation and weed 
control of the disturbed areas was required by Site policies (K-H 1999a). The total 
acreage revegetated in project areas in 1999 was approximately 23 acres. As required by 
the 1999 weed control plan, each of the projects used weed-free topsoil, seed, and mulch. 
In addition, the seed mix used for revegetation was approved by andor provided by the 
K-H Ecology Group to preclude the introduction of undesirable species to the Site. 
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As part of an effort to prevent weeds from becoming established in previously 
unrevegetated areas, an abandoned firebreak road in the south Buffer Zone was 
revegetated in the fall of 1999 (Figure 2- 1). Because the road crossed two different plant 
communities, the xeric tallgrass prairie and mesic mixed grassland, it was seeded with 
native species to match the surrounding plant communities at specific locations. A total 
of approximately 2.3 acres were seeded. 

For each of the projects listed above, photo monitoring was initiated and will continue in 
order to evaluate the effectiveness of the revegetation efforts and to continue learning 
what works best for conditions at the Site. Additional monitoring conducted in 1999, 
related to weed control, consisted of mapping the distribution of several weed species on 
the Site, including diffuse knapweed (Centaurea dzffusa), musk thistle (Carduus nutans), 
dalmatian toadflax (Linaria dalmatica), common mullein (Verbascum thupsus), dame’s 
rocket (Hesperis matronalis), annual rye (Secale cereale), jointed goatgrass (Aegilops 
cylindrica), and scotch thistle (Onopordum acanthium). Other monitoring included both 
qualitative and quantitative monitoring of herbicide impacts to native and target species. 
Several of these monitoring efforts are summarized in Appendix C of the 1999 Annual 
Vegetation Report (K-H 2000). 

2.3 Physical and Mechanical Controls 

Physical and mechanical controls used at the Site in 1999 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 going to seed and spreading further (Figure 2-2). 
Approximately 1 13 acres were mowed along these roadsides during 1999. 

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 2-2). Approximately 66 acres of road were graded in 1999. 

Hand control in 1999 was conducted at several locations to control localized infestations 
of scotch thistle, annual rye, and dame’s rocket. Hand control consisted of hand pulling, 
using sickles or sling blades, and spot herbicide spraying. 

2.4 Biological Control 

No new biological controls were introduced on the Site during 1999. However, several 
.. species that were released previously continued to work. Biological control insects were 

released previously at the Site to control musk thistle, St. John’s-wort (Hypericum 
perforutum), dalmatian toadflax, and diffkse knapweed. The insects continue to do a 
good job of containing infestations of musk thistle and St. John’s-wort. They have been 
much less effective at controlling infestations of dalmatian toadflax and diffuse 
knapweed, however. 
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2.5 Chemical Control 

Herbicide applications were used to control several hundred acres of noxious weed- 
infested grasslands at the Site during 1999. Figure 2-3 shows the locations of ground and 
aerial applications of the herbicide Tordon 22k in 1999. Primary target species were 
diffuse knapweed, musk thistle, and mullein; however, other less aggressive exotic 
species such as goatsbeard (Tragopogon dubius), curly-top gumweed (Grindelia 
squarrosa), alyssum (Alyssum minus), wild lettuce (Lactuca serriola), small-seeded false 
flax (Carnelina microcarpa), and some of the tansymustards (Descurania ssp.) were also 
controlled. Approximately 72 acres were treated on the ground, while almost 1,500 acres 
were treated with a helicopter (Figures 2-4 and 2-5). Excellent control of the dif ise  
knapweed, musk thistle, and mullein was achieved at most locations treated (Figures 2-5 
through 2-7). 

The residual effect of the Tordon 22K is expected to help provide continuing control of 
these species for the next few years, precluding the need for annual retreatment at these 
locations. However, because diffuse knapweed (a primary target species) can and likely 
will return to pre-treatment levels if nothing else is done at these locations, feasibility 
studies are planned to evaluate using maintenance methods to keep infestations at these 
locations from returning as quickly. Now that the initial infestation levels of diffuse 
knapweed have been substantially reduced in these areas, the use of methods such as 
selective hand control and/or spot herbicide treatments may keep the returning 
infestations under control, extending the effectiveness of the large-scale herbicide 
treatments. In addition to the cost savings that could be realized by extending the interval 
between large-scale herbicide applications, the ability of current ecological monitoring 
efforts to document the effectiveness of weed control maintenance efforts (K-H 1998, 
1999b, 2000) would also offer economic advantages. 

2.6 Education 

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 land owners is essential for long-term 
control. During 1999, two specific weed tours were conducted in the Buffer Zone, 
sponsored by different groups at the Site. The K-H Ecology Group brought ecologists 
from the City of Boulder Mountain Parks and City of Boulder Open Space departments to 
view firsthand the effects of the aerial and ground herbicide applications. The DOE, in 
coordination with the Colorado Weed Network, sponsored a tour with the assistance of 
Site ecologists, to show 55 local weed coordinators and resource managers the effects of 
large-scale ground and aerial herbicide applications for controlling diffuse knapweed in 
the Buffer Zone. Both tours provided an opportunity to show the public some of the 
resource management actions being conducted to preserve the ecological resources at the 
Site. The K-H Ecology Group also disseminated information to onsite personnel, through 

q meetings, personal communication, and Site newspaper articles. In addition, K-H 
Ecologists attended regional weed control meetings and the annual 1999 Colorado Weed 
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Management Association conference to keep up to date with the most recent knowledge 
and advances in weed control. 

2.7 Conclusion 

During 1999, 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. Strides were made in controlling 
several large infestations of diffuse knapweed, musk thistle, and mullein, in addition to 
other smaller infestations of scotch thistle, annual rye, and dame’s rocket. In addition, 
several disturbed areas and an abandoned road were revegetated during 1999. 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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Figure 2-4. 
application equipment delivers a carefully controlled rate of herbicide. 

1999. The 

Figure 2-5. Refueling and refilling of the herbicide tanks during aerial herbicide application in 1999. 



1999 
Figure 2-6. The top photograph taken in 1997 shows a substantial diffuse knapweed infestation (brown areas) on 

this hillside at the Site. The bottom photograph was taken in 1999 approximately three months after the hillside was 
treated with Tordon 22K, applied by helicopter. 



1999 
Figure 2-7. Note the abundance of musk thistle in the top photograph taken in 1997 (the tall plant in the right 

foreground and scattered across the prairie in the background). In addition to controlling diffuse knapweed which 
was spreading into this area, the aerial herbicide application also controlled the musk thistle. The bottom 

photograph was taken approximately 3 months after the application of Tordon 22K. 



1997 

Figure 2-8. In 1999, an aerial herbicide application ofTordon 22K (applied by helicopter) was done to control 
diffuse knapweed across portions of the xeric tallgrass prairie at the Site. In addition to controlling diffuse 

knapweed, another noxious weed, common mullein, seen in the 1997 photograph as a virtual "forest" was also 
controlled. Only the dead stalks from previous years are seen in the 1999 photograph taken approximately 3 months 

after spraying. 
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3. 1999 Aerial Herbicide Application Monitoring 

3.1 Introduction 

During May 1999, the herbicide Tordon 22K was applied from a helicopter to control 
diffuse knapweed (Centaurea diffuusa) and other noxious weeds on approximately 1500 
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 summarizes the results of the 1999 monitoring. 

3.2 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 3-1). 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 x 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 north-south and east-west, 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 on the day before and morning 
of the aerial herbicide application, and again in August of 1999. At each quadrat, diffuse 
knapweed cover was estimated using the cover class system shown in Table 3- 1. Only 
live diffuse knapweed plants were used to estimate cover. It should be noted therefore 
that the spring (pre-treatment) cover data represent only seedling and rosette cover, while 
the summer (post-treatment) 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. 
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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 comer of the photograph. 

After the initial monitoring of the quadrats, but prior to the 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 (Figure 3-2). 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. Figures 3-3 and 
3-4 show the equipment used for conducting the aerial herbicide application. 

Drift cards were used to evaluate whether herbicide drifted beyond the specified spray 
areas. Drift cards were placed along the edges of several spray areas where sensitive 
habitat (i.e. shrublands, streams, wetlands, and woodlands) were present. Drift cards 
were typically located in two parallel lines along the edges of several spray areas. One 
line was positioned along the actual edge of the intended spray area, and the other line 
was positioned 10-1 5 m outside the spray area. Drift cards were placed within 1-2 
hours prior to spraying and were picked up for evaluation 1-3 hours after spraying was 
completed. There was no precipitation during this period. At one location where the 
single population of a rare plant-dwarf wild indigo (Arnorph nana; a rare and imperiled 
species that is tracked by the Colorado Natural Heritage Program)-is known to occur, 
the plant was covered with plastic to prevent the herbicide from contacting the plant and 
soil at its base. 

' 

Diffuse knapweed cover was summarized for the control and treatment areas during each 
sampling session. The midpoint of each cover class was used for the cover analyses 
(Table 3- l), and all 30 quadrats for the control and treatment analyses, respectively, were 
summarized together by type. Statistical comparisons were made between and within the 
control and treatment areas for each sample session and across time @re- and post- 
treatment) using non-parametric tests because the data failed normality tests. 
Independent samples (control versus treatment) were tested using a Mann-Whitney rank 
sum test, and dependent samples (spring versus summer within treatments) were tested 
with a Wilcoxon signed rank test (Sigmastat 1997). Frequency analyses were conducted 
using a McNemar test (Sheskin 1997). 

3.3 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 7 and 9 percent, respectively (Figure 3-5; Mann-Whitney rank 
sum test, U = 891.5, P = 0.734). 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 25 
and less than 1 percent, respectively (Figure 3-5; Mann-Whitney rank sum test, U = 
1244.5, P < 0.001). Additionally, comparison of the pre-application versus post- 
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application diffuse knapweed cover amounts for the control and treatment plots showed 
statistically significant changes. At the control plots, diffuse knapweed cover increased 
from a mean of 9 percent to 25 percent from May to August (Figure 3-5; Wilcoxon 
signed rank test, T = 10, P < 0.001). During the same time frame at the treatment plots, 
diffuse knapweed cover decreased from 7 percent to less than 1 percent cover 
(Figure 3-5; Wilcoxon signed rank test, T = 0.0, P < 0.001). Diffuse knapweed frequency 
in the control plots decreased only slightly and was not significantly different (Figure 3- 
6). In the treatment plots, however, the frequency of diffuse knapweed dropped 
substantially, from 83 percent before treatment to 7 percent after treatment (Figure 3-6; 
McNemar test, X2 = 10.3, df = 1, P < 0.01). Photographs of several of the control and 
treatment quadrats, both pre- and post-herbicide application, are shown in Figures 3-7 
through 3-10. Figures 3-1 1 and 3-12 show the diffuse knapweed infestation in the area at 
the AS-2 plot before and after herbicide application. 

Drift-card results showed that no substantial herbicide drift was observed in any sensitive 
habitats adjacent to the spray areas. At some locations, slight drift was noticed on a few 
cards in the row outside the edge of the spray area, but observations throughout the 
growing season showed no impacts to plants. No chlorosis, wilting, or death was 
observed to any of the plants of concern in these areas. Neither was any impact noted to 
the dwarf wild indigo plant that was covered during the aerial application. It flowered 
and fruited normally during 1999. 

3.4 Discussion 

The aerial herbicide application of Tordon 22K by helicopter was shown to effectively 
control diffuse knapweed at the Site where it was sprayed in 1999. Diffuse knapweed 
cover dropped to less than 1 percent in the sprayed areas where monitoring was 
conducted. Additionally, diffuse knapweed frequency was reduced substantially 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 1999, except where small spots were 
missed inadvertently. Therefore, the annual seed set in these areas has been reduced to 
near zero, and little spread of diffuse knapweed will occur from these areas because no 
adult plants are available to blow across the landscape. Given the residual effect of 
Tordon 22K, similar effectiveness should be seen in these areas for the next 3 to 4 years. 

Although direct comparisons between aerial and ground herbicide application methods 
are not possible due to the different monitoring methods and experimental designs used, 
as well as the difference in the timing of the application, ground application data showed 
that diffuse knapweed abundance dropped considerably; from 23 plants/m2 in spring 
1997 to 1 plant/m2 in late summer 1998 in the treatment areas (K-H 1999). Additionally, 
qualitative observations in the areas treated using ground application equipment showed 
that virtually no adult diffuse knapweed plants were present at many treated locations 
during the first two growing seasons after initial application. Therefore, ground 
application and aerial application appear to work equally well. Either method provides 
effective control, and the aerial application is more cost effective over large areas, as well 
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as more suitable on rough terrain where ground application would be impractical. The 
reduction in the number of adult plants in treated areas by either application method has 
effectively reduced annual seed set and reduced the rate of infestation spread. 

Although a small amount of undesirable drift was observed at some locations during 
1999, observations of the plants in these areas throughout the growing season showed no 
chlorosis, wilting, or death of the sensitive native species in these areas. Thus, no impact 
resulted from the drift. However, because drift is not desired, drift will continue to be 
monitored using drift cards during future aerial herbicide applications. Additionally, the 
concern of maintaining appropriate buffer areas should continue to be communicated to 
the herbicide applicator prior to aerial application. As necessary, more detailed maps and 
actual flagging of spray boundaries in the field should be considered for better 
delineation of buffer area boundaries in sensitive areas. 

3.5 Conclusions 

In summary, the 1999 aerial herbicide application of Tordon 22K effectively controlled 
diffuse knapweed on the xeric tallgrass prairie at the Site. Qualitative and quantitative 
results indicated that by late summer virtually no adult difhse knapweed plants were 
present in the areas treated, except at a few locations that were missed during spraying. 
Therefore, annual seed set at these locations has been reduced to near zero, and the 
chance of these infestations spreading from treated areas in 1999 is greatly reduced 
because no adult plants are available to tumble across the landscape. Ground versus 
aerial application methods revealed no apparent differences in the ability of Tordon 22K 
to control diffuse knapweed. Both methods have been shown to be effective. 
Improvements will continue to be made in the protocols for aerial application of 
herbicides at the Site to continue to protect sensitive habitats and undesired drift, while 
proactively managing the Site’s ecological resources. 
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Figure 3-2. Control plot quadrat locations covered with plastic prior to aerial herbicide 
application. Notice all the previous year's dead difhse knapweed plants (light brown 

plants) scattered about. 

Figure 3-3. Helicopter conducting aerial herbicide application at Rocky Flats 
Environmental Technology Site. 



Figure 3-4. Helicopter refueling and refilling herbicide tanks during aerial herbicide 
application operations at Rocky Flats Environmental Technology Site. 
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Figure 3-7. Diffuse knapweed rosettes at control plot AS-3, quadrat 8 prior to aerial herbicide 
spraying. Most of the green non-grass material is diffuse knapweed. This plot was not sprayed 

with Tordon 22K. See photo below for comparison. Photograph date: 5/11/99. 

Figure 3-8. Diffuse knapweed at control plot AS-3, quadrat 8 three months later. Note the 
multiple adult diffuse knapweed plants across most of the quadrat. Compare these control plot 

photographs with those of a treatment plot (Figures 8 and 9). Photograph date: 8/17/99. 



Figure 3-9. Diffuse knapweed at treatment plot AS-2, quadrat 6 prior to herbicide treatment in 
1999. Most of the green non-grass plants in the photo are diffuse knapweed along with some 

alyssum (another weed). Compare to the photograph below taken 3 months later and to control 
plots (Figures 6 and 7) that received no treatment. Photograph date: 5/11/99. 

Figure 3-10. Treatment plot AS-2, quadrat 6, three months after herbicide treatment with Tordon 
22K. The only diffuse knapweed visible are some old dead stalks from last year. The rosettes 

present in the spring photograph above have all been killed. Photograph date: 5/11/99. 



Figure 3-1 1. Diffuse knapweed infestation near the AS-2 monitoring plot in 1997. 
Notice the high density of diffuse knapweed (reddish colored plant) in the foreground. 

Figure 3-12. The same area near the AS-2 monitoring plot in 1999 after the aerial 
herbicide spraying. Only the remains of the previous year's dead knapweed stalks 

remain. Otherwise the area is devoid of adult diffuse knapweed plants, thus preventing 
seed set in the area during 1999 and reducing the chance of infestation spread. 
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Table 3-1. Cover Class System 

2 
3 
4 
5 

Cover Class I Visually Estimated Cover Range I Midpoint 
1 I 4% I 2.50% - .- 

525% 15.00% 
26-50% 37.50% 
51-75% 62.50% 
>76% 87.50% 
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4. Monitoring Summary for Diffuse Knapweed Control Studv 

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 Tordon 22K (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 species from germinating for several years after 
application (Beck 1994). Because this is an important plant community, the issue of what 
effect the spraying of Tordon 22K 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 Tordon 22K 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 three years of data collected thus far. 

The following general questions were proposed for investigation: 

How effective is Tordon 22K on controlling diffuse knapweed under 
Site conditions? 

How long is a single application of Tordon 22K effective in 
controlling diffise knapweed? 
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How does Tordon 22K 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 x 65 m), and an abundance of 
diffuse knapweed was present where the two plots would be located. 

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 (Figure 4-2). 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. Sampling during 1997 was conducted on June 16-1 9 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. The 
treatment plot was sprayed with Tordon 22K, applied at a rate of 1 pindacre, 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 .O 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 still present. 

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 prioritylbased on the 
protection 'from erosion each type of cover provided. Basal vegetation hits were recorded 
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Species richness data were summarized by generating species lists for the control and 
treatment plots for each sampling period. In addition, other species richness 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 [lo0 percent] represented by 
the species). 

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 diffise 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 I999 Ecological Field Monitoring Plans for the Rocky Flats 
Environmental Technology Site (K-H 1999a). 

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). 

For most results, descriptive comparisons were made between the control and treatment 
plots from the three 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. 
Nonparametric tests were used for all analyses where normality, variance, and 
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independence requirements were not met. Independent samples (i.e., the control and 
treatment plots) were compared using one-way analysis of variance (ANOVA), 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 
Wilcoxon's test for matched pairs and Friedmans 2-way ANOVA (Sigmastat 1997; 
Fowler and Cohen 1990;'Sheskin 1997). Where applicable, a Tukey test was 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). 

4.4 Results 

4.4.1 Species Richness 

Overall species richness in the treatment plot initially declined by 12 species after the 
herbicide application in 1997, but over the two years since treatment, species richness has 
returned to near pre-treatment levels (Tables 4-1 and 4-2, Figure 4-3). Species richness 
in the control plot during the same time period has remained stable, with some seasonal 
fluctuation, except for a drop in summer 1999 (Tables 4-1 and 4-2, Figure 4-3). 

Examination of the mean number of species per quadrat showed parallel seasonal 
responses in both the control and treatment plots from 1997- 1999 (Tables 4- 1 and 4-2, 
Figure 4-4). The treatment plot had fewer species per quadrat than the control plot 
initially and during all subsequent sampling events. Although significant statistical 
changes in the mean number of species per quadrat were observed for some of the spring- 
to-summer fluctuations in both the control and treatment plots from 1997-1 999, same- 
season comparisons (i.e., spring to spring and summer to summer; the more meaningful 
comparisons) for the same time frame were not statistically significant in either the 
control plot or the treatment plot (Friedmans 2-Way ANOVA by Ranks, X2 = 41.5, df = 
5, P < 0.05). Additionally, the treatment plot had a lower number of species per quadrat 
initially in spring 1997. However, only in summer 1997 was the difference compared to 
the control plot significant, following the trend shown in the overall species richness 
results (Figure 4-4; Friedmans 2-Way ANOVA by Ranks, X2 = 85.064, df = 5, P < 
0.001). 

A Sorensen coefficient of similarity was use to compare initial 1997 species richness to 
that in 1999 for both the control and treatment plots. Comparing spring 1997 to summer 
1999 resulted in a Sorensen index value of 0.83 for both the control and treatment plots, 
indicating no substantial difference in species richness in the treatment plot, three 
growing seasons after the herbicide application. The spring 1997 control-versus- 
treatment Sorenson index value was 0.80, and for the same comparison in summer 1999, 
a value of 0.78 was obtained. Thus three growing seasons after the herbicide application, 
essentially no difference was apparent in species richness between the control and 
treatment plots. 
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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 in 1999, three growing seasons after the 
herbicide application (Table 4- 1 , Figure 4-5; Friedmans 2-Way ANOVA by Ranks, X2 = 
49.0, df = 5, P < 0.05). In the treatment plot, spring diffuse knapweed densities (a 
measure of seedling and rosette density) decreased significantly after herbicide treatment, 
from 23 plants/m2 in 1997 to 1.7 plants/m2 in 1999 (Table 4-1, Figure 4-6; Friedmans 2- 
Way ANOVA by Ranks, X2 = 49.0, df = 5, P < 0.05). Late-summer diffuse knapweed 
densities in the treatment plot (largely a measure of adult plants), while not statistically 
significant, showed declines from 6.2 plants/m2 in 1997 to 1.1 plants/m2 in 1998 after 
herbicide treatment, and remained at 1.4 plants/m2 in 1999 (Table 4- 1, Figure 4-6). 
(Note: The late-summer 1997 diffuse knapweed density data are considered here as “pre- 
treatment” values, because by the time the herbicide was applied in 1997, the plants had 
already bolted and started to flower. Therefore, these values are representative of the 
adult diffuse knapweed densities prior to the impact of the herbicide.) 

Large seasonal fluctuations were observed in diffuse knapweed densities in the control 
plot (Table 4- 1, Figure 4-5). Spring diffuse knapweed density showed a statistically 
significant increase in the control plot, from 5.6 plants/m2 in 1997 to 26.1 plants/m2 in 
1999 (Table 4-1, Figure 4-6; Friedmans 2-Way ANOVA by Ranks, X2 = 59.1, df = 5, 
P < 0.05). Late-summer difhse knapweed densities in the control plot were not 
statistically different, but decreased initially from 3.6 plants/m2 in 1997 to 1.7 plants/m2 
in 1998, and then increased to 6.2 plants/m2 in 1999 (Table 4-1, Figure 4-6). 

Diffuse knapweed frequency decreased slightly in the control plot, from 76 percent in 
1997 to 64 percent in 1999 (Table 4-3). In the treatment plot, during the same time 
period, diffuse knapweed frequency declined considerably, from 80 percent before 
herbicide treatment in 1997 to 20 percent in summer 1998, but increased back to 
44 percent in summer 1999 (Table 4). 

4.4.3 Cactus Density Response 

Cactus densities in the control plot for twistspine prickly pear (Opuntia macorhiza) and 
hedgehog cacti (Echinocereus viridiforus) remained generally stable, showing only a 
slight increase fi-om 1997 to 1999 (Table 4-1; Figure 4-7). In the treatment plot, 
however, densities for these two species both declined after the herbicide treatment 
(Table 4-1; Figure 4-7). The twistspine prickly pear density decreased significantly by 87 
percent (Figure 4-7; Friedmans 2-Way ANOVA by Ranks, X2 = 10, df = 2, P < 0.001). 
The frequency of the twistspine prickly pear also decreased, significantly by more than 
50 percent (Table 4-3; McNemar test, X2 = 8.1, df = 1, P < 0.01). Hedgehog cactus 
density and frequency, although declining, did not decrease significantly (Tables 4- 1 and 
4-3; P > 0.05). There is no indication of a reversal of the loss of cactus density in the 
treatment plot three years after the herbicide application. Continued monitoring will 
detect when and if the cacti begin to return to these areas. 
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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 1999 (Figure 4-8). In the treatment plot, a significant 
loss of diversity was observed from spring 1997 to summer 1998 as a result of the 
herbicide treatment (Figure 4-8; Friedmans 2-Way ANOVA by Ranks, X2 = 12.429, df = 
5, P = 0.029). In 1999, however, diversity began to increase and return to pre-treatment 
levels, and was no longer statistically different from the control plot (Figure 4-8; P>0.05). 
Further numerical increases in diversity are needed at the treatment plot before a 
complete return to pre-treatment levels is reached. 

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 from spring 1997 to spring 1999 in the control plot (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. The species showing the greatest decrease 
was diffuse knapweed, which decreased by 56 percent in the treatment plot compared to 
the control plot. Of the other seven species listed as having experienced declines in 
frequency, six were native species and one was non-native (Table 4-4). Several species 
also showed increases in frequency in the treatment plot versus control plot analysis 
(Table 4-4). 

4.4.6 Vegetation Cover Response 

Basal cover amounts for total basal vegetation, rock, bare ground, and litter cover did not 
change by any meaningful amounts in either the control or treatment plots from 1997 to 
1999 (Table 4-1). The apparent loss of bare ground cover in both the control and 
treatment plots was offset by similar increases in plant litter cover and is likely a result of 
sampling bias. 

Foliar cover results, by species and species groupings, for the control and treatment plots 
for 1997 to 1999, by sampling session, are presented in Tables 4-5 and 4-6. Change in 
species composition (relative cover) and actual cover (absolute cover) were evaluated by 
examining changes in the amounts of foliar cover provided by different species or groups 
of species. 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 
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showed essentially parallel responses from 1997 through 1999 (Tables 4-5 and 4-6; 
Figure 4-9). The only fluctuation in total absolute 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). Thus the total absolute cover present 
on the grassland was not substantially affected by the herbicide treatment. Species 
composition was affected though. Total relative forb cover in the control plot changed 
little from 1997 through 1999, fluctuating only about four percent around an average of 
approximately 14 percent (Figure 4- 10). Total relative forb cover in the treatment plot, 
however, dropped significantly-from more than 18 percent initially in 1997 to a low of 
less than 5 percent in summer 1998-in response to the herbicide (Figure 4-10; 
Friedmans 2-Way ANOVA by Ranks, X2 = 17.9, df = 5, P < 0.05). In 1998, the 
treatment plot relative forb cover was significantly lower than the control plot 
(Figure 4-10; spring 1998, Mann-Whitney Rank Sum test, T = 40, P < 0.05; summer 
1998, T-test, t = 3.21 1, df = 8, P < 0.05). During 1999, relative forb cover began to 
recover and increased to nearly 9 percent, although a similar parallel increase was 
observed in the control plot (Figure 4- 10). However, the difference in total forb cover 
between the control and treatment plots was no longer significant in 1999 (Figure 4-10; 
P>0.05). Thus, the loss of overall forb cover was transitory, and although the differences 
between the control and treatment plots are no longer statistically significant, the 
numbers indicate that the treatment plot still has not yet recovered to pre-treatment levels. 

Examination of both native and non-native relative forb cover data showed that both were 
reduced in the treatment plot by the herbicide application (Tables 4-5 and 4-6, Figures 
4- 1.1 and 4- 12). Non-native relative forb cover dropped significantly, from 
approximately 8 to zero percent cover from 1997 through 1998 (Figure 4- 12; Friedmans 
2-Way ANOVA by Ranks, X2 = 22.5, df = 5, P < 0.001). Although similar drops in non- 
native relative forb cover were observed in the control plot, significant differences were 
present between the control and treatment plots for spring and summer 1998 (Figure 
4-12, spring 1998, Mann-Whitney Rank Sum test, T = 40, P < 0.05; summer 1998, T-test, 
t = 5.854, df = 8, P < O.OOl), indicating that the herbicide had depressed non-native 
relative forb cover beyond the natural decline seen in the control plot. In 1999, however, 
although non-native relative forb cover in the treatment plot remained below that in the 
control plot, it was no longer statistically different (Figure 4- 12; P>0.05). 

Native relative forb cover in the control plot increased slightly each year from 1997 to 
1999, although the increases were not statistically significant (Figure 4-1 1; P>0.05). In 
the treatment plot, native relative forb cover declined after the herbicide treatment, but 
the decreases were not statistically significant (Figure 4- 1 1 ; P>0.05). However, due to 
the natural increases in native relative forb cover documented in the control plot during 
1998, the native relative forb cover in the treatment plot throughout 1998 was 
significantly less than that in the control plot, indicating that the herbicide treatment had 
depressed the native relative forb cover compared to increases in the control plot (Figure 
4-1 1, spring 1998, Mann-Whitney Rank Sum test, T = 40, P < 0.05; summer 1998, T-test, 
t = 2.409, df = 8, P < 0.05). By summer 1999, although native relative forb cover 
remained less than that in the control plot, it was no longer significantly different 
(Figure 4- 1 1 ; P>0.05). Therefore, the loss of native relative forb cover was transitory; 
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however, while the differences between the control and treatment plots are no longer 
statistically significant, there are still some numerical gains to be achieved before pre- 
treatment levels are reached. 

Absolute (actual) graminoid cover increased at both the control and treatment plots from 
1997 through 1999 (Tables 4-5 and 4-6, Figure 4- 13). Initially, the control plot had more 
absolute graminoid cover, but after herbicide application, the treatment plot had slightly 
more absolute graminoid cover than the control plot. Relative graminoid cover, an 
indicator of species composition, increased slightly in the control plot, but the change 
was not statistically significant (Figure 4-14; P>0.05). In the treatment plot, however, 
relative graminoid cover increased significantly from 1997 to summer 1998 (Figure 4-14; 
Friedmans 2-Way ANOVA by Ranks, X2 = 17.89, df = 5, P = 0.003), thus changing the 
species composition of the treatment plot. As a result of the herbicide application, 
relative graminoid cover was significantly higher in the treatment plot than in the control 
plot throughout 1998 (Figure 4-14, spring 1998, Mann-Whitney Rank Sum test, T = 15, P 
< 0.05; summer 1998, T-test, t = -3.21 1 , df = 8, P < 0.05). By 1999, however, treatment 
plot relative graminoid cover was beginning to return toward pre-treatment amounts and 
was no longer statistically different from the control plot (Figure 4-14; P>0.05). 

Warm-season graminoid and cool-season graminoid cover showed differing responses to 
the herbicide treatment (Tables 4-5 and 4-6, Figures 4- 15 and 4- 16). In the control plot, 
cool-season graminoid relative cover increased in 1998 and declined in 1999, but the 
changes were not significant (Figure 4- 16; P>0.05). Cool-season graminoid relative 
cover in the treatment plot was initially lower than in the control plot, but it declined in 
summer 1997 after the herbicide application. In spring 1998, it increased significantly 
and was greater than that in the control plot; it remained so until summer 1999 (Figure 
4-16; Friedmans 2-Way ANOVA by Ranks, X2 = 17.89, df = 5, P = 0.002). At no point, 
however, were the cool-season graminoid relative cover amounts significantly different 
between the control and treatment plots for a given sampling event (Figure 4- 16; P>0.05). 
Warm-season graminoid relative cover in the control plot declined in 1998 and increased 
slightly in 1999 (Figure 4- 15). In the treatment plot, however, warm-season graminoid 
relative cover increased immediately after the herbicide application and remained higher 
than that in the control plot until spring 1999 (Figure 4- 1 5). No observed changes within 
or between the control and treatment plots were significantly different, however 
(Figure 4-1 5; P>0.05). 

4.5 Discussion 

The effect of the herbicide Tordon 22K on diffuse knapweed and other species in the 
xeric tallgrass prairie was examined to provide important information for weed control 
and resource management activities at the Site. In 1998, the second growing season after 
the initial herbicide application, a number of measured plant community variables 
continued to show declines as a result of the herbicide’application. In addition to diffuse 
knapweed, forbs in general were affected; overall forb cover decreased considerably, and 
species richness, cactus density, and species diversity all declined initially (K-H 1999b). 
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Data from the 1999 field season (three growing seasons after the herbicide application), 
however, began to show the expected reversal of many of these initial responses. 

Although overall species richness in the treatment area declined by 12 species 
immediately after the herbicide application in 1997, overall species richness had almost 
completely returned by 1999 (only one species less than the original number; Figure 4-3). 
A Sorensen coefficient of similarity index (an index used to evaluate species similarity 
between locations), was used to evaluate the species richness similarity within the control 
and treatment plots from spring 1997 to summer 1999. An index value of 0.83 resulted 
for both plots, indicating high similarity between pre- and post-treatment. An additional 
comparison of similarity between the control plot and the treatment plot, for spring 1997 
and summer 1999, showed essentially no difference either, thus indicating that no long- 
term loss of species richness occurred as a result of the herbicide application. At a finer 
scale, using quadrat data, the number of species per quadrat was significantly lower in the 
treatment plot than in the control only immediately after the herbicide application during 
summer 1997 (Figure 4-4). After this, the treatment plot response paralleled that of the 
control plot, indicating no substantial change in species richness at this scale. Therefore, 
although there was some slight initial depression of species richness in response to the 
herbicide application, after three growing seasons, it had essentially returned to pre- 
treatment levels. 

Species diversity (Shannon-Weaver) declined immediately after the herbicide application 
in the treatment plot (Figure 4-8). It reached its lowest level in summer 1998, when it 
was significantly different from the control plot, before beginning to return to pre- 
treatment levels in 1999. Although the species diversity in the treatment plot remains 
below its initial level and that of the control plot, the diversity indices in 1999 were no 
longer significantly different from the control plot. Continued monitoring will reveal 
how long it takes for species diversity on the xeric tallgrass prairie at the Site to fully 
return to pre-treatment levels. 

The response of diffuse knapweed, the primary target species of the herbicide application, 
has been dramatic. The herbicide application reduced and continues to control the diffhse 
knapweed in the treatment plot, where diffuse knapweed densities remain far below their 
original values (Figure 4-5). Diffuse knapweed cover also remains at less than 1 percent 
of the total relative foliar cover (Table 4-6). In the control plot, however, spring diffuse 
knapweed densities have increased by a factor of five, and summer densities have also 
increased (Figures 4-5 and 4-6). 

The effective control of diffuse knapweed observed in the treatment plot is critical, 
because the longer the control continues, the fewer adult plants there are present to 
produce additional seeds and blow across the landscape spreading the seeds. Thus, the 
control of diffuse knapweed documented from 1997 through 1999 in the treatment plot 
has and continues to reduce diffuse knapweed seed production in the area and has 
substantially reduced the chances for spread of the species from this site. 
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Both of these criteria are considered important for controlling diffuse knapweed. 
Another important consideration however, is that with time, diffuse knapweed density 
will begin to increase again in the treatment plot as a result of the seed bank that remains, 
and from immigration of new seed from offsite sources (e.g., grasslands and mining areas 
to the west). If no further control measures are taken, the densities will reach and could 
potentially exceed pre-treatment levels in a few years. In fact, although diffuse 
knapweed densities continue to be controlled to low levels, frequency data for dlfhse 
knapweed in the treatment plot showed that after bottoming out at 20 percent in 1998, 
diffuse knapweed frequency increased to 44 percent in 1999 (Table 4-3). Additionally, in 
the larger area surrounding the treatment plot, which received the same herbicide 
application, weed mapping results have begun to show an increase and return of diffuse 
knapweed to the larger area. Thus, although the herbicide application in the treatment 
plot is and continues to control the diffuse knapweed, long-term integrated weed control 
using multiple methods is necessary for sustainable control of this species. T h s  is 
especially important because of the potential long-term impacts that the native plants in 
the community could experience in response to repeated long-term herbicide 
applications. Cooperative weed control in conjunction with surrounding land owners 
would help address the issue of seed being transported onto the Site. 

The response of the non-target species on the xeric tallgrass prairie was varied, but fell 
within generally expected parameters. One of the most affected non-target species 
groups was cacti, particularly the twistspine cactus. Twistspine cactus density was 
reduced by 87 percent, from approximately 79 stems/100 m2 in 1997 to 10 stems/100 m2 
in 1999. This decrease was statistically significant. Most of these cacti turned yellow 
after the herbicide application and later died. The hedgehog cactus, the other common 
species on the xeric tallgrass prairie, was less severely affected, and while showing a 
numerical loss of just over 50 percent, the loss was not statistically significant. 
Continued monitoring will document whether the cacti begin to return to the treatment 
plot, but any return will be gradual because the cacti grow slowly. 

Total absolute (actual) cover on the xeric tallgrass prairie was not substantially affected 
by the herbicide treatment-changes in the treatment plot generally paralleled changes in 
the control plot (Figure 4-9). This is important because it illustrates that no large, barren, 
unvegetated areas were created on the prairie as a result of the herbicide application. 
Instead, other species (graminoids) expanded, moving in and filling in the canopy to 
replace the species that were reduced by the spraying. 

The forb, or non-grass, component of the prairie, both non-native and native, was 
affected by the herbicide treatment. This was not unexpected, however, because the 
herbicide, Tordon 22K, although most injurious to certain plant families, is still a 
broadleaf herbicide. Based on three field seasons of post-treatment data, total relative 
forb cover declined for the first two field seasons after treatment, reaching its lowest 
point in summer 1998. By the third season, it was no longer significantly different from 
the control plot and was returning to pre-treatment levels (Figure 4-10). Non-native 
relative forb cover was eliminated from the treatment plot during 1998, the second 
growing season after treatment, but began to return again in 1999 (Figure 4- 12). Diffuse 
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' knapweed relative cover accounted for less than half of the returning non-native forb 
cover in 1999 and was itself less than one percent of the total relative cover at the 
treatment plot (Table 4-6). 

Native relative forb cover dropped initially after the herbicide application and reached its 
lowest point during the summer of the second season after treatment. In the third season, 
native relative forb cover was no longer significantly different from the control plot and 
was returning to pre-treatment levels (Figure 4-1 1). Native relative forb cover is still 
below initial pre-treatment levels, and continued monitoring will determine how long it 
takes for native forb cover to fully return to pre-treatment levels. This is important 
because it is not desirable to re-treat the area with a broadleaf herbicide if the native forb 
component of the community cannot return to its former level of abundance. Repeated 
broadcast applications of a broad-spectrum herbicide without appropriate time for the 
native forbs to rebound could potentially stress them to the point of elimination from the 
grassland, an undesirable result. A broadcast application of a more species-specific 
herbicide such as Transline, which controls diffuse knapweed very effectively, with little 
impact to other species, might be useful as a follow-up a few years after a Tordon 22K 
application. One drawback to Transline, however, is its lack of a multi-year residual 
effect. Therefore, it would require annual retreatment to remain effective. The feasibility 
of using selective wick applications and/or hand control to maintain low diffuse 
knapweed densities after a broadcast, broad-spectrum application will be evaluated for 
FY2000 at some locations where aerial herbicide applications were used in 1999. This 
approach may provide another alternative to extend the effectiveness of the Tordon 22K 
application. 

The loss of absolute and relative forb cover in the treatment plot did not cause a loss of 
overall foliar cover-as mentioned above, the total foliar cover in the treatment plot 
paralleled the response in the control plot. The loss of relative forb cover was offset by 
an increase in relative graminoid cover in response to reduced competition from forb 
species (Figure 4- 17). The increase in relative graminoid cover in the treatment plot 
began after the herbicide application and continued throughout 1999, three growing 
seasons after the herbicide treatment (Figure 4- 17). The response of the warm-season 
grasses to the herbicide application was an increase in relative cover, which was most 
pronounced immediately after the treatment (Figure 4- 15), although the changes were not 
statistically significant. This effect was most likely due to the timing of the herbicide 
application, whch having been conducted in mid-June, would have reduced the 
competition of forbs for much of the rest of the growing season, thus giving the warm- 
season species the greatest benefit. The cool-season graminoid response was delayed 
until the following season, when it was able to take advantage of the reduced forb 
competition and showed increases as well (Figure 4- 16), some of which were significant. 
By 1999, however, it was apparent that much of the graminoid response in the treatment 
plot was returning to normal. The cool-season graminoids had returned to the level of the 
control plot in summer 1999, and the warm-season species had returned to the control 
plot level in spring 1999. The warm-season increase to a level above that of the control 
plot in summer 1999 is most likely due to the higher precipitation during summer 1999 
and the continued reduced forb competition. Monitoring during 2000 will con fm 
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whether the overall graminoid cover returns to pre-treatment levels and remains 
essentially equal to that of the control plot. 

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 spraying with Tordon 22K. Rice and Toney (1 996) 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. (1 997) found that species diversity also declined 
after spraying with Tordon 22K, 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 Lo10 National 
Forest in Montana, Henry (1 998) reported that two years after spraying with Tordon 22K, 
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 only substantial difference between data from the Site and data from the Montana 
studies is that in Montana, the native plant communities had recovery times of 2-3 years 
(Rice and Toney,1996; Rice et al., 1997), while some measures at the Site have not 
returned to pre-treatment levels on a numerical basis (although most measures in the 
treatment plot are no longer statistically different from those in the control plot). 
Continued monitoring will document the time needed for complete recovery under the 
conditions present in the xeric tallgrass prairie at the Site. This information will be useful 
for developing improved weed control strategies and provide for better long-term 
management of the Site’s grassland communities. 

4.6 Conclusions 

Application of Tordon 22K on the xeric tallgrass prairie at the Site continues to provide 
good control of diffuse knapweed, the primary target species, three years after herbicide 
treatment. In the treatment plot, initial declines in species richness were transitory, and 
no changes in overall foliar cover were observed. Although species diversity, overall 
forb cover, native forb cover, and non-native forb cover declined initially in the treatment 
plot as a result of the herbicide application, these measures were reversed in 1999. No 
longer statistically different from the control plot, they are returning to near pre-treatment 
levels. Reduced competition from forbs has improved the vigor and cover of the 
graminoid species. The results at the Site are consistent with previous studies that 
examined the effect of Tordon 22K on grassland communities. Continued monitoring in 
2000 will provide additional information for management of the grassland communities 
at the Site. 
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Table 4-1. 1997-1999 Diffuse Knapweed Herbicide Monitoring Data Summary I 



Table 4-2. 1997-1999 Diffuse Knapweed Herbicide Monitoring Species Richness Summary 



Table 4-2. (cont.) 



Table 4-2. (cont.) 

I X 
# Plant Families 18.0 18.0 19.0 18.0 20.0 16.0 20.0 17.0 21.0 20.0 22.0 22.0 
#Species 68.0 65.0 70.0 65.0 67.0 58.0 74.0 62.0 70.0 68.0 72.0 73.0 
% Natives 75.0 74.0 74.0 77.0 76.0 76.0 73.0 77.0 77.0 79.0 75.0 76.0 



Table 43. 1997-1999 Dlffuse Knapweed Monltorlng Specles Frequency Data Summary 

I Frequency (“A) at DKC - Control I Frequency (“A) at DKT -Treatment 
I I 1 I I I I I I I I I I 



Table 4-3. 1997-1999 Diffuse Knapweed Monitoring Species Frequency Data Summary 

Note. Frequency values are percentages (n = 25). 



Table 4-4. 1997-1999 Diffuse Knapweed Monitoring Species Frequency Data Summary 

I Percent 
I I Control vs. I I I Control I Treatment I Treatment I 

Control and Treatment Change column values based on Spring 1997 and Spring 1999 differences. See Table 3. 



coou 
Warm 

Absolute wver = Absolute foliar wver is the percentage of the number of hits on a species out of the total number of hits possible (500). 
Relatie wver = Relative foliar cover was the number of hits a speaes had relative to the total number of all vegetative hits rewrded per site (i.e.. the percent of vegetative wver the species represented) 
All wver values presented are means (n = 5). 
Native categories: Y = Native. N = NonNative 
Form categories: C = Cactus, F = Forb, G = Graminoid 
CoolNVarm Season categories: C = Cool season species, W = Warm season species 

- 

Spring Summer Spring Summer Spring Summer Spring Summer Spring Summer Spring Summer 



coou 
Warm Spring Summer 

Absolute mver = Absolute foliar mver is the percentage of the number of hits on a species out of the total number of hits possible (500). 
Relative mver = Relative foliar cover was the number of hits a species had relative to the total number of all vegetative hits recorded per site (Le.. the percent of vegetative cover the species represented) 
All cover values presented are means (n = 5). 
Native categories: Y = Native. N = Non-Native 
Form categories: C =Cactus. F = Forb, G = Graminoid 
CoolNvarm Season categories: C = Cool season species, W = Warm season species 

Spring Summer Spring Summer 



Table 4-6. 1997-1999 Diffuse Knapweed Herbicide Monitoring Foliar Cover Summary - Treatment Data 

I Freauencv I Absolute Faliar Cover I%\ I 



Table 4-6. (cont) 

Cool/ 
Warm 

Scientific Name Speccode Form Native Season 

Frequency Absolute Foliar Cover , O h )  

Sprlng Summer Spring Summer Sprlng Summer Sprlng Summer Sprlng Summer Spring Summer 
1997 1997 1998 1998 1999 1999 1997 1997 1998 1998 1999 1999 

Absolute cover = Absolute foliar wver is the percentage of the number of hits on a species out of the total number of hits possible (500). 
Relative wver = Relative foliar cover was the number of hits a species had relative to the total number of all vegetative hits recorded per site (Le.. the percent of vegetative cover the species represented). 
All cover values presented are means (n = 5). 
Native categories: Y = Native, N = Non-Native 
Form categories: C = Cactus, F = Forb, G = Graminoid 
CoolMlarm Season categories: C = Cool season species, W =Warm season species 

Total native wver 
Total non-native wver 
Total warm-season graminoid wver 
Total wol-season graminoid cover 

44.8 50.8 47.0 47.2 37.6 54.2 
21.6 20.2 28.4 34.4 25.2 25.6 
36.8 45.6 41.2 42.4 31.4 48.2 
17.4 16.6 29.2 35.4 25.8 25.2 



Table 4-6. (cont) 

Plantago lanceolata L. 
Tragopogon dubius Scop. 
Allium textile A. Nels. 8 Macbr. 
Arnhrnzia ncilnctarhva nr: 

PLLAl F N 0.3 
TRDUl F N 0.3 0.5 
ALTEl F Y 0.3 0.3 0.3 
AMPS1 F Y 7 4  0 8  

Arenaria fendleri A. Gray I ARFE2 I F I Y I  I 0.6 1 I I I I 
Arnica fulgens Pursh. I ARFU1 I F I  Y I  I 0.9 I 0.3 I 0.5 I 0.5 I 1.3 I 
Artemisia ludnviciana Nun var ludnvidana I ARILJ1 I F I  Y I  I nfi I i d  I I 0 7  I I n 8  

[Total forb cover I 18.41 12.41 6.61 4.71 8.91 8.C 
Total native forb wver I 10.51 5.41 6.61 4.71 8.61 6.2 
Total non-native forb cover I 7.81 7.01 0.01 0.01 0.31 1 .E 
Total graminoid cover I 81.61 87.61 93.41 95.31 91.11 92.C 



Table 4-6. (cont) 

Absolute cover = Absolute foliar cover is the percentage of the number of hits on a species out of the total number of hits possible (500). 
Relative wver = Relative foliar cover was the number of hits a species had relative to the total number of all vegetative hits recorded per site (i.e.. the percent of vegetative wver the species represented) 
All cover values presented are means (n = 5). 
Native categories: Y = Native, N = Non-Native 
Form categories: C = Cactus, F = Forb, G = Graminoid 
CooWarm Season categories: C = Cool season species, W = Warm season species 
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5. 1999 Mesic Mixed Grassland Monitoring Summary 

5.1 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 1999, three permanent monitoring sites (TR02, TR04, and TR11) in the mesic 
mixed grassland community that were last monitored in 1995 were monitored again to 
reassess conditions and document any change (DOE 1995a; K-H 1997c). 

5.2 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), and hydric (riparian community) communities 
at the Site. Since these mesic mixed grassland sites were monitored in 1995, weed 
control efforts had been conducted at some locations. In May 1999, site TR02 was 
sprayed with Tordon 22K by helicopter to control the noxious weed diffuse knapweed 
(Centaurea dijiisa). 

5.3 Methods 

During 1999, the mesic mixed grassland sites, TR02, TR04, and TR11 (Figure 5-1), were 
monitored for species richness, cover, and frequency. The sampling methods and 
procedures used at these sites during 1999 were the same as those used in 1993-1995, 
with the addition of a measure for species frequency. A total of fifteen 50-m transects 
(five at each site) were monitored in 1999. Transects were sampled in the spring and 
again in late summer. 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. 
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Basal cover and foliar cover were estimated using a point-intercept method along each 
50-m transect. A 2-m-longY 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 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 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 the 0-m end of the transect near the permanent 
marker, looking toward the 50-m endpoint. A placard placed in the photograph against 
the 0-m endpoint provided the site and transect numbers 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 1995b), and the 1999 
Ecological Field Monitoring Plans for the Rocky Flats Environmental Technology Site 
(K-H 1999a). 

Species richness data were summarized by generating a species list for each site. To 
make the 1999 data compatible with past data analyses, belt-transect data, point-intercept 
data, and quadrat data were combined to provide overall species richness for analysis. 
Other species richness variables were calculated from the species lists and used for 
comparison. 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 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 (Le., 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 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 were made between 
the 1993-1995 and 1999 data sets to examine potential changes over time. 
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5.4 Results 

A total of 141 species were recorded at all three mesic mixed grassland sites monitored in 
1999. The number of species found at each site varied from 93 (TR02) to 11 l(TRl1) 
(Table 5- 1). The percentage of native species found across all sites combined was 
80 percent, with individual sites ranging from 76 to 82 percent (Table 5- 1). 

Overall cactus and woody plant densities across all three sites were 0.27 and 
1.15 plants/m2, respectively (Table 5-2). Cactus density was highest at site TRl l  
(0.3 1 plants/m2), and lowest at TR04 (0.21 plants/m2; Table 5-2). Woody plant density, . composed of Spanish bayonet (Yucca glauca) andor prairie wild rose (Rosa arkansana) 
was highest at TR02 (2.01 plants/m2) and lowest at TRl l  (0.53 plants/m2; Table 5-2). 

Basal vegetation cover in 1999 was 8.3 percent for the mesic mixed grassland 
community. Other ground cover classifications, in descending order of importance, came 
from litter (71 percent), rock (15 percent), and bare ground (5.7 percent). Total foliar 
cover for the mesic mixed grassland community in 1999 was 84.7 percent, with 
individual sites ranging from 77 percent at TR02 to 91 percent at TRl 1 (Tables 5-3 
through 5-6). Total native relative foliar cover averaged approximately 65 percent across 
all sites (Table 5-3). Graminoid cover provided approximately 82 percent of the relative 
vegetation cover, with cool-season and warm-season grasses providing approximately 50 
and 32 percent, respectively (Table 5-3). Forbs provided about 18 percent relative cover 
(Table 5-3). Shannon-Weaver diversity indices were calculated for the mesic mixed 
grassland cover data for 1993, 1994, 1995, and 1999. From 1993 to 1995, diversity 
values declined slightly, from 1.160 to 1.057. In 1999, however, the value increased to 
1.256. 

The mesic mixed grassland in 1999 was dominated by blue grama (Bouteloua gracilis; 
17.6 percent), western wheatgrass (Agropyron smithii; 14.8 percent), Japanese brome 
(Bromus japonicus; 12 percent), and sideoats grama (Bouteloua curtipendula; 
8.8 percent; Table 5-3). However, considerable differences existed among individual 
sites in terms of dominant species. Site TR02 was dominated by blue grama, western 
wheatgrass, and sideoats grama, all of which are native species (Table 5-4). At TR04, the 
dominant species were blue grama, western wheatgrass, and Japanese brome; the latter is 
an exotic species (Table 5-5). Site TRll  was dominated by three exotic species, 
Japanese brome, downy brome (Bromus tectorum), and Kentucky bluegrass (Poa 
pratensis; Table 5-6). 

' 

Species frequency results from the quadrat data are presented for the first time, having 
never been collected before, for both spring and summer sampling sessions in Table 5-7. 
Different sites had differing frequencies for the various species, and this information will 
be most useful for comparing to future monitoring results, to assess any changes that may 
occur. 
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5.5 Discussion 

The permanent transects at the mesic mixed grassland sites TR02, TR04, and TRl l  were 
monitored during 1999, and the data were compared to those from 1993-1995. Total 
community species richness in 1999 (141 species) was the same as measured in 1994 and 
1995 (143 and 141 species, respectively). Total species richness at sites TR04 and TRll  
in 1999 was slightly higher than past values, indicating that little change had occurred at 
these sites (Table 5- 1). At TR02, however, a decrease of 15 species was noted from the 
1995 species richness values (Table 5-1). Most of the species that were observed in 1995 
but not in 1999 were forbs, which likely were affected by the aerial herbicide application 
in May 1999. Of those not present in 1999, 12 (80 percent) were native species and 3 
(20 percent) were non-native species. Based on studies elsewhere on the Site that are 
examining the impact of herbicide treatments on non-target species, it is expected that 
these species richness values should return to pre-treatment levels in the next year or two. 
Also, many of these species were observed outside the transect boundaries, so they were 
not eliminated from the grassland. Future monitoring will document the return of these 
species to the transects. The percentage of native species at each site remained consistent 
with past meas&ements (Table 5-1). 

Litter cover in mesic mixed grassland in 1999 (71 percent) was substantially higher than 
that documented in 1995 (59 percent; K-H 1997~). The high litter amounts continue to 
underscore the need for prescribed burning andor grazing to help remove the built-up 
dead plant matter on the grasslands at the Site. Planning is underway for a spring 2000 
prescribed burn on some of the grasslands at the Site, which will help alleviate this 
problem. Fire will reduce litter loads and recycle tied up nutrients, thus increasing the 
vigor and health of many of the native species. 

Total foliar cover for the mesic mixed grassland community in 1999 was not substantially 
different from past measurements (Table 5-3). Additionally, total graminoid cover and 
total forb cover across all sites combined were within previously measured ranges, 
suggesting that no changes in the community structure have occurred (Table 5-3). 
Species diversity (Shannon- Weaver) changed little and actually increased slightly from 
past measures. The percent of cover from native plant species increased in 1999 
compared to past measurements, which had shown continuing declines for 1993-1 995 at 
all three sites and in the community as a whole (Tables 5-3 through 5-6). This reversal 
suggests improvement of the mesic mixed grassland community, some of which is likely 
explained by the changes in cool- versus warm-season graminoid cover discussed below. 
While total non-native foliar cover decreased in the community, non-native forb cover 
changed little across all sites combined, indicating that the weeds are still a problem in 
general (Table 5-3). However, at TR02, where the aerial herbicide application was 
conducted, declines in forb cover of both native and non-native species were observed 
(Table 5-4). The declines in native forb cover were expected, and these species should 
return to pre-treatment levels over the next few years, based on other studies where 
Tordon 22K has been sprayed (Rice and Toney 1996; Rice et al. 1997; K-H 1998). 

One measure that changed substantially from past measurements is the cool- versus 
warm-season graminoid composition of the mesic mixed grassland. In the past, cool- 
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season graminoids accounted for approximately 70 percent of the total foliar cover on the 
mesic mixed grassland at the Site, while warm-season graminoids accounted for 5- 
14 percent (Table 5-3, Figure 5-2). In 1999, cool-season graminoid cover dropped to 
about 50 percent of the total cover, while warm-season graminoid cover increased to 
approximately 32 percent (Table 5-3; Figure 5-2). The loss of cool-season graminoid 
cover is due largely to the 26-percent reduction in the cover of Japanese brome and 
6-percent loss of western wheatgrass observed from 1995 to 1999 (Table 5-3). Although 
relative cover values are mentioned here because they are the best measure of actual 
species composition of the vegetation present, the absolute or actual cover of these 
species also declined by similar amounts. This decline indicates that the reduction is real, 
not just an artifact of increasing warm-season cover (Table 5-3). 

In previous monitoring, Japanese brome had the highest cover of all species on the mesic 
mixed grassland. As an annual grass, large fluctuations in Japanese brome cover are 
possible due to annual fluctuations in the timing of precipitation events (Rosentreter 
1994). This fact, combined with a lack of cover data for the years 1996-1998, make 
interpretation of the 1999 results difficult. Was the low cover of Japanese brome and/or 
other cool-season graminoids in 1999 part of a normal cyclical fluctuation in response to 
environmental conditions, or perhaps part of a steady decline that has been occurring over 
the past several years? The lack of a continuous data set @e., three years of missing data) 
and other biotic and abiotic measurements make it difficult to say for sure. The fact 
remains that, in 1999, Japanese brome and cool-season graminoids in general accounted 
for substantially less cover than in the past on the mesic mixed grassland. 

The lack of data for 1996-1 998 confounds any attempt to discern a pattern that would 
elucidate the cause of the large increase in warm-season graminoid cover observed in 
1999. Without intermediate data between 1995 and 1999, the increase cannot be 
explained as simply a mathematical reversal of relative foliar cover (ie., loss of relative 
cover of cool-season graminoids automatically means an increase in warm-season 
graminoids). Precipitation rates also may have been a factor. Summer precipitation was 
above average in 1999, and the Site has received above-average precipitation for the 
July-September timeframe in three of the past four years (Figure 5-3). The moisture 
appeared in 1999 to have benefited many of the warm-season graminoid species at the 
Site. Substantial increases were noted in the absolute or actual cover of blue grama and 
sideoats grama on the mesic mixed grassland, both native grasses to the region. 
Additionally, species such as big bluestem (Andropogon gerardii), little bluestem 
(Andropogon scoparius), indiangrass (Sorghastrurn nutans), and mountain muhly 
(Muhlenbergia rnontuna) common xeric tallgrass prairie species, all flowered prohsely 
in 1999. While the heavier summer precipitation could account, at least partially, for the 
increase in warm-season cover, no similar decreases in spring precipitation were apparent 
that might account for the decreases in cool-season species over the same time period 
(Figure 5-3). Without data on the warm-season graminoid cover for 1996-1 998, it is 
difficult to support the hypothesis that a steady increase in cover has occurred since 1995, 
or alternatively, that this change was observed only in 1999. This issue illustrates that 
when monitoring is not done on an annual basis, it becomes difficult to determine 
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whether changes from one data set to another represent ongoing trends or isolated 
anomalies. 

Taken separately, individual sites also demonstrated these differences, although with 
some variation. The change in cool-season versus warm-season graminoid composition 
was most pronounced at TR02, where the warm-season graminoids actually became the 
dominant species in 1999. Relative foliar cover of warm-season graminoids at TR02 
increased from 8 percent in 1995 to just over 50 percent in 1999, with most of this 
increase coming from blue grama and sideoats grama (Table 5-3). Relative foliar cover 
of cool-season graminoids decreased from 66 percent to 40 percent during the same time 
period (Table 5-3). In addition to the higher summer precipitation mentioned above as a 
possible reason for this change in composition, this site also received the aerial herbicide 
treatment of Tordon 22K that was applied in mid-May 1999. By the time the herbicide 
was applied, most of the cool-season graminoid species would have been growing and 
getting ready to flower. Thus, by the time the herbicide actually took effect on the target 
species and some of the non-target species, the opportunity for the cool-season graminoid 
species to take advantage of the reduced competition would have passed. Instead, the 
warm-season graminoid species, which would have just started their growth period, 
would have been able to take advantage of the reduced competition and higher summer 
precipitation, thus accounting for much of the increase in cover. 

Large changes in cool- versus warm-season graminoid cover were also observed at TR04, 
which received no herbicide treatment (Table 5-5). At TR11 increased warm-season and 
decreased cool-season graminoid cover was also observed, but at much lower amounts 
(Table 5-6). Thus, although a shift in cover composition was noted across all sites, the 
shift was not of equal magnitude at every site. The intra-site differences may be due to 
microsite differences and, at TR02, the herbicide treatment. 

From a management standpoint, the shift in graminoid composition observed in 1999 is a 
beneficial one. Japanese brome and downy brome, commonly referred to as 
cheatgrasses, are both non-native species that have taken over millions of acres across the 
western United States (Pellant and Hall 1994). Areas infested by these cool-season 
annual grasses often have lower species richness and diversity, less ecosystem stability, 
increased potential for soil erosion, more frequent wildfires, and lower wildlife and 
livestock utilization (Rosentreter 1994). Infestation by these grasses has been mentioned 
previously as a potential management concern for the Site (DOE 1995a). The concern is 
lessened by the reduction of these species in the mesic mixed grassland, as seen in the 
1999 data, and a shift to a more perennial, warm-season graminoid composition. 

In general, the 1999 monitoring data showed that the mesic mixed grassland sites have 
remained much the same since they were last monitored in 1995. Species richness, 
diversity, and most foliar cover measures remained essentially unchanged. Native foliar 
cover increased, which is a positive change. The most unexpected change was the overall 
increase in warm-season graminoid cover observed at all sites and in the community 
overall. The reduced cover of Japanese brome and increased'cover of native, perennial 
graminoids should reduce the potential for soil erosion and accidental fire, in addition to 
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providing higher quality habitat. An important question is whether this observed shift is 
only a short-term change or an indication of a longer-term trend. The lack of continuous 
data sets for these sites makes this difficult to interpret, but future monitoring will show 
whether the current status continues. Either way, the 1999 results indicate a beneficial 
shift, and suggest that the overall quality of the mesic mixed grassland at these locations 
has improved somewhat since they were last monitored. 

Based on these results and the criteria mentioned in the Integrated Monitoring Plan (K-H 
1999b), when a substantial change is noted in any of the measured variables, an 
evaluation is recommended to determine whether the management goals are being 
achieved. As mentioned above, the large decrease in cover of Japanese brome and 
increase in warm-season perennial, native grasses is a beneficial change. However, from 
a management standpoint, it is important to know whether t h s  was simply an annual 
fluctuation observed in 1999, or part of a longer-term trend. Therefore, it is suggested 
that consideration be given to monitoring the mesic grassland sites again during 2000. A 
second year of continuous data would help answer this question. 

The information based on quantitative monitoring, combined with qualitative assessments 
of Site ecological resources from other monitoring efforts, continues to suggest that 
active management of the grassland communities on the Site is necessary to maintain the 
quality and health of these communities, and to preserve these resources for future 
generations. The integrated weed management program at the Site continues to address 
the noxious weed issues. As in the other grassland communities at the Site, the buildup 
of dead plant litter that results from a lack of fire and grazing is also a problem, and 
progress is being made in instituting the use of prescribed burns for resource 
management. In conclusion, the mesic mixed grassland remains a dominant plant 
community at the Site. As such, its preservation is important for providing habitat for 
many of the wildlife species at the Site and because it is an increasingly rare community 
in the region as development continues to transform the landscape around the boundaries 
of the Site. As good stewards of the ecological resources at the Site, the DOE and K-H 
will continue to use best management practices to preserve this disappearing landscape 
for the American public. 
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Table 5-1. 1993-1995, And 1999 Mesic Mixed Grassland Species Richness 



Table 5-1. (cont.) 



Table 5-1. (cont.) 



Table 5-1. (cont.) 



Table 5-1. (cont.) 



Table 5-2. Woody Stem and Cactus Densities at EcMP Sites (1993-1995 and 1999) 

Site values are based on n=5. 
Community values are based on n=15. 
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Table 5-3. (cont.) 

I Absolute Cover (%) I Relative Cover (YO) 
I I I I I I I I I I I 



Table 5-3. (cont.) 

Absolute cover = Absolute foliar cover is the percentage of the number of hits on a species out of the total number of hits possible (1500). 
Relative cover = Relative foliar cover was the number of hits a species had relative to the total number of all vegetative hits recorded per site 
(Le.. the percent of vegetative cover the species represented). 
All cover values presented are means (n = 15). 
Native categories: Y = Native, N = Non-Native 
Form categories: C = Cactus, F = Forb, G = Graminoid 
CoolMlarm Season categories: C = Cool season species, W = Warm season species 



Table 5-4. 1993-1995, And 1999 Mesic Mixed Grassland Foliar Cover at TR02 



Table 5-4. (cont.) 

I TR02 - Frequency (%) I TR02 -Absolute Cover (YO) I TRO2 - Relative Cover (%) 
Cooll 
Warm 

Absolute wver =Absolute foliar wver b the percentage of the number of hits on a species out of the total number of hits possible (500). 
Relative wver = Relative foliar wver was the number of hits a species had relative to the total number of all vegetative hits rewrded per site (i-e.. the percent of vegetative wver the species represented). 
All cover values presented are means (n = 5). 
Native categories: Y = Native, N = Non-Native 
Form categories: C = Cactus, F = Forb, G = Graminoid 
CooVWarm Season categories: C = Cool season species. W = Warm season species 



Table 5-5. 1993-1995, And 1999 Mesic Mixed Grassland Foliar Cover at TR04 



Absolute ave r  = Absolute foliar cover is the percentage of the number of hits on a species out of the total number of hits possible (500). 
Relative ave r  = Relative foliar cover was the number of hits a species had relative to the total number of all vegetative hits recorded per site (Le.. the percent of vegetative ave r  the species represented). 
All cover values presented are means (n = 5). 
Native categories: Y = Native. N = Nan-Native 
Form categories: C = Cactus, F = Forb. G = Graminoid 
CoolNVarrn Season categories: C = Cool season species, W = Warm season spedes 



Table 5-6. 1993-1995, And 1999 Mesic Mixed Grassland Foliar Cover at T R l l  



Table 5-6. (cont.) 

Absolute mver = Absolute foliar mver is the percentage of the number of hits on a species out of the total number of hits possible (500). 
Relative mver = Relative foliar cover was the number of hits a species had relative to the total number of all vegetative hits recorded per site (Le.. lhe percent of vegetative mver the species represented). 
All mver values presented are means (n = 5). 
Native categories: Y = Native. N = NonNative 
Form categories: C = Cactus. F = Forb, G = Graminoid 
W a r m  Season categories: C = Cool Season species. W = Warm season species 
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6. 1999 Prescribed Burn Pre-Burn Monitoring Summarv 

6.1 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, and help with weed control, the use of prescribed bums is being planned to help 
manage the grassland communities at the Rocky Flats Environmental Technology Site 
(the 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. During 1999, a prescribed bum was proposed for the xeric 
tallgrass prairie plant community, to be conducted in the spring of 2000. To evaluate the 
effect of the prescribed burn on the plant community, a monitoring program was 
instituted to provide quantitative monitoring data for a number of questions of interest. 

The following general questions were proposed for investigation: 

1. 

2. 

3. 

4. 

5 .  

6. 

How will a prescribed bum affect the species richness and species 
diversity of the xeric tallgrass prairie? 

What impact will a prescribed bum 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? 

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

What impact will a prescribed bum have on specific weed species? 

How does the fire response of the xeric tallgrass prairie at the Site 
compare to the response of the tallgrass prairie of the eastern great 
plains, or to that of the more mesic tallgrass prairie found on City of 
Boulder Open space? 

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

J 

This report summarizes the pre-burn conditions at the locations where monitoring was 
conducted during 1999. 

6-1 



6.2 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). During 1999, a monitoring program was developed and 
initiated to provide quantitative pre-burn and post-bum information to help answer the 
questions listed above. A stratified, random sampling design was used. Six plots-three 
control (no burn), and three treatment (bum)-were chosen for monitoring the response 
of the Site’s xeric tallgrass prairie to the prescribed bum (Figure 6-1). 

The control plots selected were BC1, BC2, and TROl. Plots BC1 and TROl 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 treatment plots were BTl , BT2, 
and BT3. Sites BTl 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 treatment site. At 
each site, a total of five randomly located 50-m transects were sampled. 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 will evaluate only the late-summer effects on the prairie. Additionally, in May 
1999, all six sites were sprayed by helicopter with Tordon 22K to help control the 
noxious weed diffuse knapweed (Centaurea dflfusa). 

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 1 00-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 quadratdsite) and recording all species present in each 
plot. Density stem c o i t s  for diffuse knapweed were also made using these same 
quadrats. No distinctions were made during counts to differentiate 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 
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(K-H 1997), and the 1999 Ecological Field Monitoring Plans for the Rocky Flats 
Environmental Technology Site (K-H 1999a). 

Data were summarized by combining the data from the three control sites and three 
treatment sites, respectively. Species richness data were summarized by generating a 
species list for the control and treatment locations. In addition, other species richness 
variables were calculated fiom the species lists. A Sorensen coefficient of similarity was 
used to assess the species richness similarity between the control and treatment 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 fiom the 
cover data was defined as the percent of point-intercept transects in which a species 
occurred, out of the total 15 possible. Absolute foliar cover was the percentage of the 
number of hits on a species out of the total number of hits possible (1 500). 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 (Le., 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=75; 3 transects x 25 quadrats each) was defined as the 
number of quadrats in which a species was recorded, divided by 75 (the total number of 
quadrats possible), multiplied by 100. Density count data were summarized as the mean 
number of stems per square meter. 

Additionally, a single photograph of each transect was taken during the late summer 
sampling session to visually document the condition of the transect. Photographs were 
taken from the O-m end of the transect near the permanent marker, looking toward the 
50-m endpoint. A placard was placed in the photograph against the O-m endpoint, 
providing the site and transect numbers and date. 

For the 1999 data, results are presented as descriptive comparisons to show current pre- 
bum control and treatment conditions. Future data and analyses will examine potential 
changes over time-pre-treatment to post-treatment-resulting from the controlled bum. 
No statistical analyses were conducted on the 1999 data. 

6.3 Results 

In all, 103 species were recorded at the control and treatment locations monitored in 1999 
(Table 6-1). The control areas had a total of 89 species, and the treatment areas had 86 
species (Table 6- 1). The control and treatment areas had 72 species in common. A 
Sorensen coefficient of similarity index showed a high similarity in species richness 
between the control and treatment areas (0.82). The percentage of native species was 
slightly higher in the control areas than in the treatment areas-84 percent and 79 
percent, respectively. The mean number of species per quadrat differed by one between 
the control and treatment areas--12.4 and 1 1.6, respectively. 
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Cactus densities were higher in the treatment areas than in the control areas (Table 6-2). 
Twistspine prickly pear (Opuntia macorhiza) density was 1.2 stems/m2 in the treatment 
areas and 0.36 stems/m2 in the control areas. Hedgehog cacti (Echinocereous 
viridiflorus) density was 1.1 stems/m2 in the treatment areas and 0.93 stems/m2 in the 
control areas. Three woody plants were recorded at the control and treatment locations- 
Spanish bayonet (Yucca glauca), prairie wild rose (Rosa arkansana), and skunkbush 
sumac (Rhus aromaticu)-but amounts were very small (Table 6-2). 

Total foliar vegetation cover was 80.2 percent in the control areas and 76.1 percent in the 
treatment areas. Table 6-3 shows the foliar cover for individual species and various 
groupings of species for both the control and treatment locations. Of the total vegetation 
cover, more than 93 percent was provided by graminoids at both the control and 
treatment locations (Table 6-3). The total graminoid cover was evenly split between the 
cool-season grasses and warm-season grasses, averaging 45-48 percent in both the 
control and treatment areas (Table 6-3). Three graminoid species-big bluestem 
(Andropogon gerardii), Canada bluegrass (Poa compressa), and mountain muhly 
(Muhlenbergia montana)-dominated the vegetative cover, providing 5 1 percent and 66 
percent of the total relative foliar cover at the control and treatment areas, respectively 
(Table 6-3). Only the order of dominance of these three species differed between the 
control and treatment areas. Approximately two-thirds of the total vegetation cover at 
both the control and treatment locations was from native species (Table 6-3). Total 
relative forb cover accounted for less than 7 percent at both the control and treatment 
locations during 1999. 

Basal cover was dominated by litter, which accounted for 75 and 77 percent of the 
ground cover at the control and treatment locations, respectively. Rock cover provided 
13 and 1 1 percent of the ground cover at the control and treatment locations, respectively, 
while bare ground was approximately 4 percent at both. 

. 

Individual species frequency results from the 1 -m2 quadrats are presented in Table 6-4. 
The most frequently encountered species in the control plots were sun sedge (Carex 
heliophilu), blue grama (Bouteloua gracilis), dotted gayfeather (Liatris punctata), 
sideoats grama (Bouteloua curtipendula), and big bluestem (Table 6-4). In the treatment 
plots, the most frequently encountered species were mountain muhly, big bluestem, sun 
sedge, Canada bluegrass, blue grama, and twistspine prickly pear (Table 6-4). Post-fire 
monitoring will document whether any of these measurements change. 

6.4 Discussion 

Monitoring was conducted during the summer of 1999 to collect pre-burn vegetation data 
from three locations scheduled for prescribed burning in spring 2000. Data were also 
collected from three control areas for comparison. All control and treatment monitoring 
areas were treated with the herbicide Tordon 22K, applied from a helicopter, in May 
1999. Pre-burn results indicate a high measure of similarity between the control and 
treatment areas for most of the variables measured. Little difference was noted in terms 
of species richness or overall foliar vegetation cover between the control and treatment 
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areas. Overall forb and graminoid cover amounts were also essentially equal at both the 
control and treatment locations. Forb cover was somewhat low (5-7 percent, Table 6-3) 
in the control and treatment areas compared to past monitoring at other locations on the 
xeric tallgrass prairie, where relative forb cover amounts have ranged from 10 to 39 
percent (K-H 1999b). Additionally, graminoid cover was higher in the control and 
treatment areas (93-95 percent; Table 6-3) compared to past measurements at other 
locations that have ranged from 61 to 90 percent (K-H 1999b). The lower forb and 
higher graminoid cover is to be expected, however, as a result of the herbicide treatment 
these areas received in the spring of 1999. 

The control and treatment locations were dominated by big bluestem, mountain muhly, 
and Canada bluegrass. Although the order of dominance differed between the control 
and treatment locations, all three species are the dominant graminoid species on the xeric 
tallgrass prairie at the Site. Warm-season and cool-season grasses accounted for nearly 
equal amounts of relative foliar cover at the control and treatment locations, and this ratio 
is one of the measures that it is hoped a prescribed burn would change. The two 
predominant cool-season grasses at the control and treatment locations are Kentucky 
bluegrass (Pou prutensis) and Canada bluegrass, both non-native species. One of the 
objectives of a spring prescribed bum is to reduce the amount of exotic graminoid cover 
and increase the ‘native warm-season graminoids. Thus, a prescribed bum conducted in 
the spring would have the greatest impact on the cool-season grasses, particularly 
Kentucky bluegrass and Canada bluegrass, and should reduce the foliar cover of both 
species. 

A prescribed bum will also reduce the high litter amounts found on the xeric tallgrass 
prairie. Seventy-seven percent of the ground surface was covered with dead plant litter in 
the treatment areas. Pre-burn monitoring in the rescribed burn area, conducted in spring 
2000, showed total biomass amounts of 465 glm (4152 lbs/acre). The high litter 
amounts on the prairie at the Site contribute substantially to the potential for wildfires. In 
addition, the litter ties up nutrients, making them unavailable for plant growth. Part of 
the goal of a prescribed bum is to remove much of this litter, thereby reducing the 
potential for catastrophic wildfire and recycling nutrients. Monitoring after the 
prescribed fire will determine how much of this has been accomplished. 

! 

Of the measurements that differed between the control and treatment locations, cactus 
densities were higher at the treatment locations. Individual species frequencies differed 
considerably between the control and treatment areas for many species (Table 6-4). This 
is understandable for many of the less frequently encountered species on the xeric 
tallgrass prairie, because they would be expected to be encountered infrequently. 
However, even for the dominant graminoid species-big bluestem, mountain muhly, and 
Canada bluegrass-frequency values differed by 20-30 percent between the control and 
treatment areas. These values are expected for the xeric tallgrass prairie at the Site. 
Monitoring in 1998 showed the same pattern of frequency variability on the xeric 
tallgrass prairie at other locations (K-H 1999b). Because frequency is somewhat a 
measure of both the evenness and commonality of a species across the landscape, these 
data reveal the heterogeneous nature of the species distribution in the xeric tallgrass 



prairie at the Site. The combination of both bunchgrasses like big bluestem and mountain 
muhly, and rhizome or turf grasses like Canada bluegrass, creates a mosaic pattern of 
species distribution that varies from location to location. This mosaic pattern is common 
in natural communities because of variations in microclimate and microtopography that 
influence such factors as light, temperature, soil moisture, and soil type. 

6.5 Conclusions 

The 1999 xeric tallgrass prairie monitoring data provide a good baseline of information 
from both control and treatment locations prior to the prescribed bum slated for spring 
2000. The data also reveal the heterogeneous nature of the species distribution and 
species composition variability found in the xeric tallgrass prairie community at the Site. 
These results will provide usehl information to evaluate how the use of prescribed 
burning as a management tool will affect the species composition and structure of the 
xeric tallgrass prairie at the Site. 
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Tables 



Family Scientific Name 
AGAVACEAE Yucca glauca Nutt. 
ANACARDIACEAE 
APIACEAE 
ASCLEPIADACEAE Asclepias speciosa Torr. 

Rhus aromatica Ait. var. trilobata (Nutt.) A. Gray 
Lomatium orientale Coult. 8 Rose 

ASCLEPIADACEAE IAsclepias stenophylla A. Gray I ASSTl I Y 1 X I  X 
ASCLEPIADACEAE IAsclepias viridiflora Raf. I ASVll I Y I X I  X 

Speccode Native Control Treatment 
YUGLl Y X X 
RHARl Y X 
LOORl Y X X 
ASSPl Y X X 

ASTERACEAE 
ASTERACEAE 
ASTE RAC EAE 
ASTE RAC EAE 
ASTERACEAE 
ASTERACEAE 
AST E RAC EAE 

Achillea millefolium L. ssp. lanulosa (Nutt.) Piper ACMll Y X 
Ambrosia psilostachya DC. AMPS1 Y X X 
Antennaria parvifolia Nutt. ANPAl Y X X 
Artemisia campestris L. ssp. caudata (Michx.) Hall 8 Clem. ARCAl Y X 
Artemisia dracunculus L. ARDRl Y X 
Artemisia frigida Willd. ARFRI Y X .  X 
Artemisia ludnviciana Nutt  var liidnviciana ARLUI Y X X 

ASTERACEAE 
ASTERACEAE 
ASTERACEAE 
ASTERACEAE 
ASTFRACFAF 

ASTERACEAE IGrindelia squarrosa (Pursh.) Dun. I GRSQl I Y I X I  X 
ASTERACEAE IHelianthus pumilus Nun. I HEPUl I Y I X I  X 

Aster porteri Gray ASP01 Y X X 
Centaurea diffusa Lam. CEDI1 N X X 
Chrysopsis fulcrata Greene CHFUl Y X X 
Chrysopsis villosa Pursh. CHVll Y X X 
Cirsiiim awcnsp (I \ Srnn CIARI  I N X 

ASTERACEAE 
ASTERACEAE 
ASTERACEAE 

ASTERACEAE ILiatris punctata Hook. I LlPUl I Y I X I  X 
AST E RAC EAE IRatibida columnifera (Nutt.) Woot. 8 Standl. I RACOl I Y I X I  X 

Cirsium undulatum (Nutt.) Spreng. ClUNl Y X X 
Erigeron divergens T. 8 G. ERDll Y X X 
Gaillardia aristata Pursh. GAARl Y X X 

ASTERACEAE 
ASTERACEAE 

ASTERACEAE 
ASTERACEAE 

Helianthus rigidus (Cass.) Desf. ssp. subrhomboideus (Rydb.) Heiser HER11 Y X 
Kuhnia chlorolepis Woot. 8 Standl. KUCHl Y X 
Kuhnia eupatorioides L. KUEUl Y X 
Lactuca serrinla L LASE1 N X X 

FABACEAE 
GERANIACEAE 
HYDROPHYLLACEAE 
JUNCACEAE 
LILIACEAE 
NYCTAGINACEAE 

Psoralea tenuiflora Pursh. PSTEI Y X X 
Erodium cicutarium (L.) L'Her. ERCll N X X 
Phacelia heterophylla Pursh. PHHEl Y X 
Juncus interior Wieg. JUlNl Y X X 
Allium textile A. Nels. 8 Macbr. ALTEI Y X X 
Mirabilis linearis (Pursh.) Heimerl MlLl l  Y X X 



Table 6-1. (cont.) 



Scientific Name Speccode 
Echinocereus viridiflorus Engelm. ECVII 
Opuntia macrorhiza Engelm. OPMAI 
Rhus aromatica Ait. var. trilobata (Nutt.) A. Gray RHARl 
Yucca glauca Nutt. YUGLI 
Rosa arkansana Porter ROAR1 
Based on n = 5. 

Density 
(stems/m2) 

Control Treatment 
0.93 1.12 
0.36 1.24 
0.003 0.00 
0.009 0.002 
0.00 0.001 



Table 6-3. 1999 Prescribed Burn Pre-Burn Foliar Cover Summary 

'orm Native 
F N  
F N  
F N  
F N  
F Y  
F Y  
F Y  
F Y  
F Y  
F Y  

F Y  
F Y  
F Y  
F Y  
F Y  
F Y  
G N  
G N  
G N  
G N  
G N  
G Y  
G Y  
G Y  
G Y  
G Y  
G Y  
G Y  
G Y  

CoolMlarm 
Season 

C 
C 
C 

C 
C 
C 
C 
C 
C 
W 

Control Treatment 

F F 
r A  R r A  R 

e b  e e b  e 
q s  I q s  I 
u O C  a C  u O C  a C  
e l o  t o  e l o  t o  
n u v  i v  n u v  i v  
c t e  v e  c t e  v e  



rable 6-3. (cont.) - 
Control Treatment 

F F 
r A  R r A  R 
e b  e e b  e 
q s  I q s  I 
u O C  a C  u O C  a C  

Scientific Name Speccode Family 
JOACEAE Andropogon scoparius Michx. ANSCI 
'OACEAE Bouteloua curtipendula (Michx.) Torr. BOCUl 
'OACEAE Bouteloua gracilis (H. B. K.) Lag ex Griffiths . BOGRl 
'OACEAE Bouteloua hirsuta Lag BOHll 
'OACEAE Buchloe dactyloides (Nutt.) Engelm. BUDAl 
'OACEAE Muhlenbergia montana (Nutt.) Hitchc. MUM01 
'OACEAE Muhlenbergia wrightii Vasey MUWRl 
POACEAE Sorghastrum nutans (L.) Nash SONUl 
POACEAE Sporobolus heterolepis (A. Gray) A. Gray SPHEl 

Absolute cover = Absolute foliar cover is the percentage of the number of hits on a speaes out of the total number of hits possible (1500). 
Relative mver = Relative foliar cover was the number of hits a species had relative to the total number of all vegetative hits recorded per site (Le., lhe percent of vegetative cover the species represented). 

All cover values presented are means (n = 15). 
Native categories: Y = Native, N = Non-Native 

Form categories: C =Cactus, F = Forb, G = Graminoid 
CooVWarm Season categories: C = Cool season species, W = Warm season species 
Frequency values are in percent (n = 15). 



Table 64. 1999 Prescribed Bum Pre-Burn Frequency Summary 



Table 6-4. (cont.) 

Frequency values based on n = 75. 


