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DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United
States Government. Neither the United States Government nor any agency thereof, nor
any of their employees, make any warranty, express or implied, or assumes any legal liabili-
ty or responsibility for the accuracy, completeness, or usefulness of any information, appa-
ratus, product, or process disclosed, or represents that its use would not infringe privately
owned rights. Reference herein to any specific commercial product, process, or service by
trade name, trademark, manufacturer, or otherwise does not necessarily constitute or
imply its endorsement, recommendation, or favoring by the United States Government or
any agency thereof. The views and opinions of authors expressed herein do not necessar-
ily state or reflect those of the United States Government or any agency thereof.
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INTRODUCTION
g

The Ecological Monitoring Program (EcMP) was designed to investigate the long-term
ecological trends in terrestrial and aquatic ecosystems at the U.S. Department of Energy’s
(DOE’s) Rocky Flats Environmental Technology Site (Site) (DOE 1993). Field sampling
was conducted during 1993, 1994, and 1995, until the program was terminated in late
1995. This report presents the terrestrial vegetation data that were gathered by the EcMP.

The Site is located on the Colorado Piedmont, east of the Front Range, between Boulder
and Golden, approximately 25 km (16 miles) northwest of Denver. The topography and
proximity of the Site to the mountain front result in an interesting mixture of prairie and
mountain plant species. The Site is one of the few large, relatively undisturbed areas of
its kind that remains along the Colorado Piedmont. Until 1989, the primary mission of
the Site was the production of nuclear weapons components (DOE 1993). After produc-
tion ceased, Site personnel shifted their focus to cleanup and closure.

Prior to the ECMP program, ecological studies at the Site included a botanical inventory
done in the early 1970s (Weber 1974) and a plant community/ordination study, which
produced an early vegetation map of the Site (Clark et al. 1980). Colorado State Uni-
versity conducted a variety of radionuclide studies on various ecosystem components
(Jarvis 1991; Whicker et al. 1990). During 1991, a baseline wildlife and vegetation study
was done to provide ecological information on the plant, animal, and aquatic communi-
ties at the Site (DOE 1992). Additionally, ecological data were gathered for specific
Operable Units (OUs) to comply with the Comprehensive Environmental Response,
Compensation, and Liability Act (CERCLA) and Resource Conservation and Recovery

Act (RCRA).

Since the termination of the ECMP program, monitoring of plant communities at the Site
has continued based on a re-evaluation of data quality objectives. Specifically, vegetation
monitoring objectives have been modified to address the DOE’s goal of proactively man-
aging land use at the Site to protect ecological resources. Both qualitative and quantita-
tive monitoring of identified high-value vegetation communities, and of the results of
weed control and controlled burns, are currently underway (K-H 1997a). In addition, the
tall upland shrubland community (an unusual shrubland community found at the Site,
which had not been examined previously) was inventoried and characterized in 1996 (K-
H-1997b). The results of ongoing monitoring efforts will be presented in future Site
vegetation reports.




EcMP TERRESTRIAL VEGETATION STUDY OBJECTIVES

As stated in the EcMP program plan (DOE 1993), the objectives of the terrestrial vegeta-
tion module were to “characterize the composition, distribution, and production of the
major plant communities at the Site.” Information gathered by the program was to be
used to examine patterns and natural spatial and temporal variations within and between
plant communities at the Site and in comparison to surrounding bioregions. It was also to
provide information to document temporal and spatial changes in the plant communities
that may have been related to past land use management practices or disturbances.

The program was not designed as a comprehensive vegetation inventory and was not
intended to sample all the plant communities at the Site. Instead, it subjectively focused
on those communities identified in the baseline study (DOE 1992) as spatially important
or representative (xeric mixed grassland and mesic mixed grassland), biologically impor-
tant or unique (riparian woodland), and disturbed (reclaimed grassland). -

PURPOSE

The purpose of this report is to summarize and interpret the species richness, cover, and
biomass data collected for the ECMP from the xeric mixed grassland, mesic mixed grass-
land, riparian woodland, and reclaimed grassland communities during the field seasons of
1993, 1994, and 1995. Plant nutrient data were collected only in 1993. These data are
described in the 1994 EcMP annual report (DOE 1994), and are not discussed in this

report.

QUESTIONS

A number of questions relating to the vegetation were proposed for investigation in the
EcMP program plan (DOE 1993). Some of these questions were addressed in the 1994
and 1995 EcMP annual reports (DOE 1994, 1995a). Others were not addressed because
insufficient data were available at the time the program was terminated. Therefore, the
following questions from the 1994 and 1995 EcMP annual reports are addressed in sum-
marizing the three years of ECMP terrestrial vegetation data:

m How does species richness vary among the plant communities sam-
pled?

m  How do basal cover and plant foliar cover vary among the plant com-
munities sampled?

m How does plant productivity (biomass) vary among the plant com-
munities sampled?

In addition, the following questions are addressed in this report:
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Are any trends or changes evident in the data over the three-year
period?

Do the data reveal any special concerns or issues with regard to spe-
cific plant communities?




METHODS
L. ]

EcMP TERRESTRIAL STUDY SITES

The plant communities sampled by the EcMP were organized along a soil moisture
(hydrologic) gradient ranging from xeric (dry) to mesic (moderate moisture) to hydric
(wet). This approach 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. Twelve
sampling sites (approximately 2 hectares each) were selected, three for each hydrologic
gradient classification. One site for each hydrologic classification was placed in each of
the major watersheds (Rock Creek, Walnut Creek, and Smart Ditch) at the Site (Figure
1). Woman Creek was not used as a watershed, because it was considered a
“contaminated,” or affected, area and the ECMP was designed to focus on “unaffected”
areas that would not be disturbed by remediation activities, which (at that time) were
projected to start soon. In addition, three sites were also located in the reclaimed grass-
land (an old agricultural area), which prior to cultivation, was probably mesic mixed
grassland. All three of the reclaimed sites were located in one watershed (Smart Ditch),
because no other areas at the Site had been tilled and subsequently revegetated. The
sample site codes, community type, and watershed designations for the 12 sites are shown
in Table 1 (all tables are found following the References). The locations of the EcMP
sampling sites are shown in Figure 1.

METHODS OVERVIEW

Within each site, five 50-m transects were randomly located and permanently marked.
The types of vegetation sampling conducted each year (1993—-1995) at the EcMP sites are
shown in Table 2.

A general description of the species richness, cover, and biomass sampling follows. For
greater detail, see the Ecological Monitoring Program, Final Program Plan (DOE 1993)
and the Environmental Management Operating Procedures Manual, Volume V, Ecology,
5-51200-OPS-EE (DOE 1995b). The plant nutrient analyses are not described in this
report, because the resulting data are not included (see DOE 1994).

SPECIES RICHNESS (BELT TRANSECTS)

Species richness was determined in a 2-m-wide belt centered along the length of the 50-m
transect. Every plant species within the 100-m?* area was recorded and its phenological
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EcMP Terrestrial Sites
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state noted. In addition, the densities of the woody plant stems and cactus species were
recorded. Species richness was measured both in the spring and late summer to provide a
more complete species list for the entire growing season. Belt transects were sampled at
all 12 sites.

Species richness data were summarized by generating a species list for each site and each
community. In addition, other species richness variables were calculated from the species
lists.

COVER (POINT-INTERCEPT TRANSECTS)

Basal cover and foliar cover estimates were made using a point-intercept method along
the 50-m transects in late summer (fall) sampling. A 2-m-long rod (0.25-inch diameter)
was dropped vertically at 50-cm increments along the transect to record a tatal of 100
intercept points. Two types of hits were recorded. Basal cover hits were recorded based
on what 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 only if the
rod was touching the stem or crown of the plant where it entered the ground. Foliar
vegetation hits were recorded in three categories defined by height and growth form. The
topmost hit of each growth form was recorded. The growth forms measured were herba-
ceous, woody <2 m high, and woody >2 m high. Point-intercept sampling was conducted
at all 12 sites.

Basal cover data were reported as total percent cover of vegetation, litter, rock, bare
ground, and water. Foliar cover data were reported as frequency, relative cover, and
absolute cover for each species encountered. Frequency was defined as the percent of
transects along which a species occurred, out of the possible five sampled at a specific
site. Absolute cover was the percentage of the number of hits on a species out of the total
number of hits possible at a site (500). Relative cover was the number of hits on a spe-
cies, relative to the total number of vegetative hits per site (i.e., the percent of vegetative
cover the species represented).

BIOMASS (PRODUCTION PLOT)

Biomass sampling was conducted during late summer at the nine grassland sites only. No
biomass sampling was conducted in the riparian community because of the difficulty and
destructive nature of sampling woody vegetation for biomass. Five randomly located
0.25-m* quadrats were placed between 1-5m outside the 2-m-wide belt transect, on
either side of each transect. A total of 25 quadrats (five per transect) were sampled at
each site. Biomass was determined by clipping all the non-woody vegetation within the
quadrat. In 1993, clipped material was divided into three classes: current year live, cur-
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rent year dead, and previous year dead. Current year live material was sorted by species,
while the current year dead and previous year dead were not. In 1994, clipped material
was divided into only two classes: current year live and current year dead. Both classes
in 1994 were sorted by species. During both 1993 and 1994, litter was also collected
from the quadrats. Oven dry weights were determined for each sample. Biomass data for
1993 were reported as total biomass (g/m?). No individual species biomass calculations
were possible because of the way the data were gathered in 1993. Biomass data in 1994
were reported as total biomass (g/m?) and by individual species.

DATA QUALITY

All data were verified and validated prior to data analysis. However, some concerns are
associated with specific data sets, and these concerns must be accounted for in interpret-
ing the results. Appendix B contains a list of the data sets available from the .EcMP ter-
restrial vegetation sampling and any concerns related to them.

DATA ANALYSIS AND SUMMARIZATION

The 1995 EcMP annual report (DOE 1995a) discussed much of the vegetation data that
had been gathered in 1993 and 1994. That report described the dominant species found in
each community and statistically compared differences between sites and communities
for a variety of species richness, cover, and biomass variables. Comparisons were also
made between Site data and data from other locations, to place the Site into more of a
regional context. In addition, results of an ordination and classification study based on
1994 transect species presence/absence data revealed how the transects, sites, and com-
munities sampled under the EcMP were related to each other. Rather than restate the
observations made in that report (DOE 1995a), only differences that resulted from the
addition of the 1995 data, or new findings based on comparisons of data from all three
years, will be discussed here. Additional information from more recent studies (e.g.,
1996 vegetation map methodology and classification; Appendix A) are discussed here, as
well. Belt transect, point-intercept transect, and production plot vegetation data for
1993-1995 (from the EcMP sites shown in Figure 1) are presented by data and commu-
nity types, to focus on issues related to each community. Variations among the sites
within communities are also discussed where appropriate. Some suggestions are made
for the use and application of these data for land management decision making.

For the analyses presented, the following “rules” were applied. Taxa identified only to
the family or genus level were included only in the calculations of species richness vari-
ables when no other species were verified from the same family or genus at the same site
or community. Because genera and families generally are not wholly native or non-
native, when determining the percent of native species at a site or community, taxa iden-
tified only to that level were left out of the determinations altogether. When counting the
numbers of annuals, biennials, and perennials, plants identified to the genus or family




level were included in the counts only if: 1) the species met the criteria mentioned above
for genera and family-level identifications, and 2) the species within that genus or family
that are known to occur at the Site could be definitively placed in one category or another.
In cases where a species could be an annual, biennial, perennial, or any combination of
these (as listed in plant manuals), the following rules were applied. Plants were counted
as annuals only when considered an annual or annual/biennial. Plants were counted as
perennial whenever they were considered perennial, even if they could also occur as
annuals or biennials. The biennial category was used only when a species was listed
solely as a biennial. As used in the results and discussion, totals for site calculations are
based on a mean value of the five transects (n=5). If a mean is given for the community
total, it is based on the means for the three sites that represent that community (e.g.,
TRO1, TRO6, and TR12 = xeric community). In other cases, however, the community
value is based on a combination of all three sites for a given community, to determine the
total value for the variable being considered for that community (i.e., total species
richness for the xeric community = 133 species, compared to the xeric community mean
species richness = 89 [1994 data, Table 3]). If a mean value is given in the text, it will be
designated as a mean value. If no such designation is given, it is a combined value.

No statistical analyses were done on the three years of ECMP data for this report. Statis-
tical analyses, ordinations, and classifications were conducted on the 1994 data sets (DOE
1995a) to examine differences between communities and sites. Because differences
between years appeared inconsequential, these analyses were not repeated. Some
attempts were made to examine potential trends in the three years of data, although trend
analysis generally requires longer-term data sets than were available from the EcMP data.
With only three years of data, the best option was to examine the variability inherent in
the communities resulting from annual environmental differences and/or annual sampling
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RESULTS AND DISCUSSION
-

SPECIES RICHNESS

A total of 332 species of vascular plants were recorded at all the EcMP sites sampled
during the three-year period (Table 3). The species recorded at each EcMP site each year
are listed in Table 3. The riparian woodland community had the highest species richness
each year, with site TR03 consistently containing the most species of any site (Tables 3
and 4). The reclaimed grassland had the lowest species richness; site TR09 consistently
showed the lowest number of species (Tables 3 and 4). In the native communities
(reclaimed grassland excluded), species richness increased along the hydrologic gradient
from dry to wet (Tables 3 and 4). - .

The data appear to indicate an annual increase in species richness at nearly all sites and
communities over the three years (Tables 3 and 4). However, this increase is best
explained by different personnel sampling the transects and their increased familiarity
with Site flora over time. Therefore, this trend should not be misinterpreted as a signifi-
cant ecological event. Additionally, 1993 species richness sampling started in July, and
the totals for 1993 lack many of the spring ephemeral species.

The community with the highest percentage of native species was the xeric mixed grass-
land (three year mean = 83 percent), followed by the mesic mixed grassland (three year
mean = 80 percent), riparian woodland (three year mean = 73 percent), and reclaimed
grassland communities (three year mean = 62 percent; Table 4). The site with the highest
percentage of native species over the three years was TRO1, a xeric mixed grassland site,
which had a three-year mean of 86 percent (Table 4). The lowest percentage of native
species for a site was found at TR09, a reclaimed grassland site, which had a three-year
mean of only 29 percent (Table 4). The variation in percentage of native species among
sites and communities is probably attributable largely to past land use practices and iso-
lation from disturbance.

Perennial species were predominant at all sites and communities (Table 4). Tree and vine
growth forms were recorded only in the riparian community, and although the highest
number of shrub species was recorded in the riparian community, this life form occurred
in all other communities as well (Table 4). The numbers of cacti species were highest in
the native grasslands (xeric mixed grassland and mesic mixed grassland) and lowest in
the reclaimed grassland (Table 4). Forb (dicot) species outnumbered graminoid
(monocot) species at all sites and communities by a factor of two to five times, depending
on the site or community (Table 4).



The same ten species were recorded at least once at every EcMP site during the three-year
period (Table 3). These species were hairy goldenaster (Chrysopsis villosa), prickly let-
tuce (Lactuca serriola), false salsify (Scorzonera laciniata), goat’s beard (Tragopogon
dubius), field alyssum (Alyssum minus), small-seeded false flax (Camelina microcarpa),
pinnate tansymustard (Descurania pinnata), western wheatgrass (Agropyron smithii),
Japanese brome (Bromus japonicus), and Kentucky bluegrass (Poa pratensis). Of these
ten species, only two were native; hairy goldenaster and western wheatgrass. The other
eight were adventive, non-native species with a tolerance for a wide range of conditions.

A number of species were found in only one of the four sampled communities. The
community with the fewest species “restricted” to it was the reclaimed grassland, which
had only four species that were not recorded in any other community (Table 5). The
mesic mixed grassland and xeric mixed grassland had 16 and 23 species restricted to
them, respectively (Table 5). The riparian community contained the highest number of
species that were recorded only there (113; Table 5). Of the restricted species, 91 percent
were native species in the xeric mixed grassland, 88 percent were native in the mesic
mixed grassland, 82 percent in the riparian woodland, and 50 percent in the reclaimed
grassland (Table 5).

WOODY STEM AND CACTUS DENSITIES

The highest cactus densities were found in the xeric mixed grassland (three-year mean =
0.77 cacti/m?), and the lowest were found in the reclaimed grassland (three-year mean =
0.01 cacti/m?). TR12, a xeric mixed grassland site, had the highest three-year mean cac-
tus density (1.08 cacti/m?) of all sites, while TROS, a riparian woodland site, had no
cactus recorded during the three years (Table 6). Woody stem densities were highest in
the riparian woodland community (three-year mean = 7.57 woody stems/m ) and lowest
in the reclaimed grassland (three-year mean = 0.003 woody stems/m?). TRI10, a riparian
woodland site, had the highest woody stem density of all sites, with a three-year mean of
11.6 woody sterns/m2 (Table 6). This was approximately twice the density found at the
other riparian woodland sites, TR03 and TROS5 (Table 6). Two sites—TR12, a xeric
mixed grassland site, and TR09, a reclaimed grassland site—had no woody stems
recorded during the three-year period (Table 6).

COVER

Basal cover was measured to indicate the degree to which the ground surface is protected
from wind and water erosion. Basal cover represents the amount of vegetation, litter,
rock, bare ground, or water cover present at the ground surface. The results of the 1994
and 1995 basal cover sampling at EcMP sites are shown in Table 7. The 1993 basal
cover data were not included because of sampling inconsistencies associated with the data
set (Appendix B).
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Litter provided the greatest amount of ground cover at all sites and communities during
1994 and 1995 (Table 7). At the community level, the 1994-95 mean litter basal cover
amounts ranged between 57 and 68 percent (Table 7), with the reclaimed grassland hav-
ing the highest amount (68 percent; Table 7). At the community level, the 1994-95 mean
vegetation basal cover ranged from a maximum of 24 percent in the mesic mixed grass-
land to a minimum of 9 percent in the reclaimed grassland (Table 7). Rocks provided
15-16 percent of the 1994-95 mean basal cover in all communities, and bare ground
provided 3-8 percent of the basal cover in all communities (Table 7). Ground cover
provided by water occurred only in the riparian woodland (1994-95 mean basal cover 3
percent; Table 7). Vegetation and litter basal cover amounts showed a decline in all
communities from 1994 to 1995, with the exception of the mesic mixed grassland, which
showed a slight increase (Table 7). Associated with these decreases were increases in the
percentage of rock and bare-ground basal cover in all communities (Table 7).

Basal cover data revealed that the mesic mixed grassland provided more ground cover
than the artificially created reclaimed grassland (Table 7). Significant differences
(ANOVA, o = 0.05 level) in the amounts of bare ground cover, vegetation cover, and
litter were found between the reclaimed grassland and mesic mixed grassland in the 1994
data (DOE 1995a). The reclaimed grassland contained lower amounts of basal vegetation
cover and higher amounts of bare ground and litter (Table 7). The reclaimed grassland is
believed to have been mesic mixed grassland prior to cultivation, so these data indicate
that the native mesic mixed grassland provides greater vegetation cover, and hence,
greater potential protection of the soil surface from wind and water erosion, than the
revegetated cover. Little et al. (1980) reported that wind erosion was a major mechanism
for the transport of plutonium from contaminated soils at the Site. Thus, in revegetating
contaminated areas at the Site, a more natural native grassland composition would be
preferable from a safety standpoint, because it would provide greater protection of the soil
surface from erosion and reduce the potential for wind-blown transport of soil con-
taminants.

Foliar, shrub, and tree cover are measures of the vegetation cover above the ground sur-
face (vertical projection of the canopy to the ground). Results of the 1993-95 foliar cover
sampling, grouped by EcMP site and community, are reported in Table 8. The highest
1993-95 mean foliar cover was found in the mesic mixed grassland (88 percent). The
xeric mixed grassland, reclaimed grassland, and riparian woodland had 1993-95 mean
foliar cover amounts of 84, 76, and 68 percent, respectively. Shrub cover was substantial
only in the riparian woodland (1993-95 mean foliar cover of 40 percent), and tree cover
was found only in the riparian woodland (1993-95 mean foliar cover of 19 percent).

Foliar cover amounts, grouped by species by EcMP site, are summarized by community
in Tables 9-12. Frequency, relative cover, and absolute cover are reported for each spe-
cies encountered (see Methods section for explanations of terms). In the xeric mixed
grassland, the species providing the greatest foliar cover were needle-and-thread grass
(Stipa comata), big bluestem (Andropogon gerardii), sun sedge (Carex heliophila), Can-
ada bluegrass (Poa compressa), Porters aster (Aster porteri), little bluestem (Andropogon

11



scoparius), and dalmatian toadflax (Linaria dalmatica) (Table 9). (Note: sun sedge and
needle leaf sedge [Carex eleocharis] were combined, because in 1993, sun sedge was
identified as needle leaf sedge.) In the mesic mixed grassland, the species that provided
the greatest amount of foliar cover were Japanese brome, western wheatgrass, blue grama
(Bouteloua gracilis), wild alfalfa (Psoralea tenuiflora), and needle-and-thread grass
(Table 10). In the reclaimed grassland, smooth brome (Bromus inermis) and intermediate
wheatgrass (Agropyron intermedium) dominated the foliar cover (Table 11). In the ripar-
ian woodland, the greatest amounts of foliar cover were provided by baltic rush (Juncus
balticus), Canada thistle (Cirsium arvense), Canada bluegrass, Nebraska sedge (Carex
nebrascensis), meadow fescue (Festuca pratensis), and redtop (Agrostis stolonifera)
(Table 12). Variations in foliar cover between sites are discussed in the specific com-
munity sections. Vegetation classification and ordination information by site and com-
munity were reported and discussed in the 1995 EcMP annual report (DOE 1995a) and
are not repeated here.

Shrub cover (woody plants <2 m in height) was present in all of the communities,
although in the grasslands it provided only about two percent cover (Table 8). Only two
shrub species were recorded in the grasslands—prairie wild rose (Rosa arkansana) and
Spanish bayonet (Yucca glauca) (Table 13). In the riparian woodland, nine different
species of shrubs were recorded, with the most cover provided by coyote willow (Salix
exigua), leadplant (Amorpha fruticosa), and young plains cottonwood (Populus deltoides)
(Table 13). Tree cover (woody plants >2 m in height) was recorded only in the riparian
woodland community (Table 8). Plains cottonwood and tall shrubs of coyote willow
provided the largest amounts of tree cover in the riparian community (Table 14).

The community with the greatest amount of foliar cover provided by native species was
the xeric mixed grassland (82 percent; Table 15). The mesic mixed grassland and ripar-
ian woodland communities had approximately the same amounts of native foliar cover,
with 55 and 54 percent, respectively (Table 15). The reclaimed grassland had the lowest
amount, with only three percent native foliar cover (Table 15). The site with the highest
native foliar cover was TRO1 (89 percent; Table 15), a xeric mixed grassland site, while
TRO9, a reclaimed grassland site, had the least amount of native foliar cover (one percent;
Table 15). All three grassland communities showed a decrease in the percentage of
native foliar cover over the three-year period. (Table 15). This was mirrored at each
grassland site, with the exception of reclaimed grassland sites TRO8 and TR09, which
showed minute increases in 1995 (Table 15). Only the riparian woodland showed a
community level increase in the percentage of native foliar cover (Table 15). The site
with the greatest decrease in native foliar cover was TR11, a mesic mixed grassland site,
which showed a 30 percent decrease in native foliar cover (Table 15). Site TROS, a ripar-
ian woodland site, had the greatest increase (26 percent) in native foliar cover (Table 15).
Concerns about the apparent loss of native vegetation cover are discussed by specific
community in later sections.
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BIOMASS

Biomass production is a measure of the amount of above-ground plant material produced
during a given growing season. Mean total biomass production for 1993-94 at the EcMP
sites (Table 16) was highest in the reclaimed grassland community (130 g/mz), followed
by the xeric mixed grassland (126 g/m®) and the mesic mixed grassland (119 g/m?). No
biomass sampling was conducted in the riparian woodland community. Biomass produc-
tion results were higher in 1994 than in 1993 across all communities (Table 16). In 1993,
biomass production was highest in the xeric mixed grassland (124 g/m?), followed by the
mesic mixed grassland (117 g/mz) and the reclaimed grassland (114 g/m?; Table 16). In
1994, the reclaimed grassland had the highest biomass production (146 g/m?; Table 16).
This was followed by the xeric mixed grassland and mesic mixed grassland, with 129 and
120 g/m?, respectively (Table 16). The 1993-94 mean litter biomasses ranged between
189 and 191 g/m* (Table 16). Litter biomass was higher across all communities in 1994
than in 1993 (Table 16). Although the differences in litter amounts between years
seemed dramatic, they were best explained by differences in sampling methodS. During
the second year of sampling (1994), field personnel collected litter much more meticu-
lously, resulting in the higher amounts, and thus the data do not necessarily indicate a
significant ecological trend.

Biomass amounts by species were only available for 1994, and are presented in Table 17.
The ten leading biomass producers in the xeric mixed grassland during 1994 were needle-
and-thread grass, dalmatian toadflax, dotted gayfeather (Liatrus punctata), field alyssum,
big bluestem, Canada bluegrass, hairy goldenaster, Porters aster, sun sedge, and little
bluestem (Table 17). In the mesic mixed grassland, the ten leading biomass producers for
1994 were western wheatgrass, Japanese brome, blue grama, musk thistle (Carduus nu-
tans), sun sedge, white sage (Artemisia ludoviciana), needle-and-thread grass, big
bluestem, false salsify, and Canada bluegrass (Table 17). Two species, smooth brome
and intermediate wheatgrass, dominated the biomass of the reclaimed grassland (Table
17). The leading biomass producers in each community corresponded well with the spe-
cies providing the greatest cover in each community (Tables 9-12).

Large differences were found between communities in the amount of biomass produced
by native species. The highest amount of biomass from native species was produced in
the xeric mixed grassland (mean = 74 percent; Table 17). The mesic mixed grassland had
63 percent of the biomass from native species, while the reclaimed grassland had less
than one percent of biomass produced by native species (Table 17).

PLANT COMMUNITIES

Xeric Mixed Grassland

The xeric mixed grassland represented approximately 31 percent of the Site land area,
based on the 1996 updated vegetation types map (Figure 2) (Appendix A provides details
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of map production methods and classification descriptions). The three sites sampled were
TRO1, TRO6, and TR12 (Figure 1). The xeric mixed grassland occurs primarily on the
pediments (flat hilltop areas) and on ridgetops at the Site (Figure 2). The pediment is
underlain by the Rocky Flats Alluvium and has soil types classified as Flatirons very
cobbly sandy loam on the flatter surfaces, and Nederland very cobbly sandy loam along
the ridgetops and pediment edges (SCS 1980).

The xeric mixed grassland had the lowest species richness of the native plant communi-
ties (excluding the reclaimed grassland), with a combined richness of 134 species identi-
fied in 1995 (Table 3). It had the highest percentage of native species richness (83
percent, 1995; Table 4) of all the communities. A total of 23 species (91 percent of these
were native species) were recorded only in the xeric mixed grassland sites during the
three years (Table 5). The predominant life and growth forms of vegetation on the xeric
mixed grassland were perennial graminoids and forbs (Table 4).

The highest cacti densities and greatest number of cacti species were found in the xeric
mixed grassland, further indicating the dry hydrologic character of this community
(Tables 6 and 4, respectively).

Although TRO1, TR06, and TR12 were all categorized as xeric mixed grassland, differ-
ences in cover and biomass data from these sites revealed that species composition varied
in the community across the Site (Tables 9 and 17). As reported in the 1995 EcMP
annual report (DOE 1995a), based on the 1994 data, TRO1 and TRO6 differed from one
another based on dominant cover species. This was further supported by the 1993 and
1995 data (Table 9). The TRO1 site contained a high cover of big bluestem and little
bluestem, both tallgrass prairie species, during all three years. TR06 contained very few
of either of these species, but instead had high cover of needle-and-thread grass and dal-
matian toadflax (Table 9). The TR12 site was intermediate between the two, with high
cover of big bluestem and needle-and-thread grass (Table 9). Differences in the 1994
biomass production by these species revealed similar differences between the sites as well
(Table 17). These differences were used as a determining factor in splitting the xeric
mixed grassland into two separate classifications for the 1996 updated vegetation types
map (Figure 2). Areas similar to TRO1 and TR12 were classified as xeric tallgrass prai-
rie, based on the high cover of big bluestem and little bluestem. Locations with high
cover of needle-and-thread grass and very little cover of bluestems were classified as
xeric needle-and-thread grass prairie.
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The xeric tallgrass prairie portion of the xeric mixed grassland is a significant ecological
resource at the Site, because it was once part of a larger xeric tallgrass prairie ecosystem
stretching along the Colorado pediment. Much of this ecosystem has been destroyed by
human activity and development (CNHP 1995). Most of what remains of this ecosystem
consists of small parcels ranging in size from 5 to 100 acres (CNHP 1995). The xeric
tallgrass prairie portion of the xeric mixed grassland at the Site covers approximately
1,800 acres (Table 18; Figure 2) and represents a large parcel of what remains of this rare
ecosystem. Colorado Natural Heritage Program (CNHP) ecologists identified the xeric
tallgrass prairie at the Site as globally imperiled; it is one of fewer than 20 known loca-
tions worldwide (CNHP 1995).

The xeric needle-and-thread grass prairie portion of the xeric mixed grassland covers
approximately 189 acres at the Site (Table 18), with the largest portion represented by the
area near TR06 (Figure 2). The higher amounts of cover and biomass of non-native spe-
cies (28 and 54 percent respectively; Tables 9 and 17) at the TRO6 site are an- important
management concern in this community. Dalmatian toadflax provides the second highest
cover and highest biomass at TR06 (Tables 9 and 17). Weed control is a prime concern
at this locality because of the large weed infestations present there.

Statistical trend analysis of foliar cover data for individual species was not conducted
because of difficulties in separating out annual environmental variability, sample vari-
ability, sampling error, and problems associated with interpreting such a short-term trend
(three years). However, qualitative assessments and interpretations of dramatic changes
in particular species or groups of species could indicate changes in community composi-
tion that may warrant management action. The most apparent trend in the xeric mixed
grassland is the consistent decrease in the percentage of native foliar cover at all the xeric
mixed grassland sites over the three years (Table 15). Losses of native cover ranged from
approximately 5 to 17 percent.

The greatest loss of native cover occurred at TR12, where field alyssum, a non-native
species, showed a large increase in cover and frequency over the three years, while little
bluestem, hairy goldenaster, wild alfalfa, and Fendler sandwort (Arenaria fendleri), all
native species, showed losses in cover (Table 9). At TRO6, increases in the cover of non-
natives species, including Japanese brome, small-seeded false flax, and dalmatian toad-
flax, combined with losses in native cover of needle-and-thread grass, accounted for
much of the change at that site (Table 9). At TROI, the increase in cover of the native
species Porters aster offset losses by other native species, reducing the overall loss of
native cover at the site to about 5 percent (Table 9). Little bluestem, hairy goldenaster,
dotted gayfeather, wild alfalfa, and Fendler sandwort, all native species, showed declines
of foliar cover greater than 50 percent at TRO1 over the three-year period (Table 9). The
apparent decrease in the cover of little bluestem at TRO1 and TR12 was particularly
noteworthy, because it is one of the important tallgrass species of the xeric tallgrass prai-
rie. During the 1995 sampling season, Nelson (1996) observed many deaths of the spe-
cies, apparently as a result of the late summer drought in 1994. Similar responses of little
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bluestem to drought were mentioned by Albertson and Weaver (1944), who suggested
drought losses were due to the shallow root system of the species.

The apparent loss of native cover in the xeric mixed grassland must be viewed in light of
the dynamic nature of the ecosystem. During the three years studied, a drought occurred
in the summer of 1994, and above-average spring rainfall—and runoff with associated
flooding—occurred in 1995. Studies documenting the response of the native prairie and
successional recovery of abandoned fields and roads to periods of drought and above-
average rainfall reveal the dynamic nature of the plant communities (Albertson and
Weaver 1944; Shantz 1917; Reichhardt 1982). Albertson and Weaver (1944) docu-
mented dramatic annual changes in the cover of different prairie graminoid and forb spe-
cies in response to drought during the 1930s and early 1940s. It is not apparent whether
the observed changes in the xeric mixed grassland data indicate larger changes in the
species composition of the community, or if these changes manifest the natural variation
in the annual production of these species due to life history traits or environmental fac-
tors, indicate a lack of grazing or fire in the ecosystem, or result from sarnplin?g “noise.”
Longer-term monitoring correlated to other measured variables (e.g., climate data, man-
agement practices) would be required to discriminate among these causes.

The apparent loss of native foliar cover in the xeric mixed grassland is an important con-
cern, which may indicate that continued monitoring of the community is needed. In
addition, steps must be considered to control the weeds and improve the health of the
native species. Current management plans include monitoring of the xeric mixed grass-
land, controlling weeds, and reintroducing fire to the ecosystem. These strategies should
help reduce the weeds and other non-native species while enhancing the vigor and health
of the native species in the plant community (K-H 1997).

Mesic Mixed Grassland

The mesic mixed grassland represented approximately 34 percent of the Site land area,
based on the 1996 updated vegetation types map (Figure 2) and is the largest plant com-
munity (in areal extent) at the Site. The three mesic mixed grassland sites sampled were
located at TR02, TR04, and TR11 (Figure 1). The mesic mixed grassland occurs primar-
ily on the hillsides (Figure 2), on soil types classified primarily as Denver-Kutch-Midway
clay loams and Haverson loam, with isolated locations of Denver clay loam, Nunn clay
loam, and Leyden-Primen-Standley cobbly clay loam (SCS 1980).

The mesic mixed grassland had a combined richness of 141 species identified in 1995
(Table 4), which was intermediate between the xeric mixed grassland and riparian wood-
land. Eighty-two percent of the species were native (1995; Table 4). A total of 16 spe-
cies (88 percent of these native species) were recorded only in the mesic mixed grassland
community over the three years (Table 5). The predominant life and growth forms of
vegetation on the mesic mixed grassland were perennial graminoids and forbs, in propor-
tions similar to those found in the xeric mixed grassland (Table 4). In general, the mesic
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mixed grassland fell between the xeric mixed grassland and riparian woodland for most
species richness measures (Table 4).

The dominant species at all three mesic mixed grassland sites were Japanese brome and
western wheatgrass, with Japanese brome providing the greater cover at TR04 and TR11
and western wheatgrass providing slightly more cover at TR02 (Table 10). Differences
among the mesic mixed grassland sites were generally less distinct than those among the
xeric mixed grassland sites (Tables 3, 10, and 17). Although the mesic mixed grassland
had the highest three-year mean foliar cover (88 percent; Table 8) of all the communities,
a substantial portion of the relative foliar cover was from non-native species (45 percent;
Table 15). Only 65 percent of the total biomass production in the mesic mixed grassland
community was from native species (Table 17). Similar to the xeric mixed grassland, the
mesic mixed grassland showed a decrease in the overall percent of native foliar cover
over the three-year period (Table 15). Much of the loss of native cover was attributable
to increases in foliar cover by Japanese brome, a non-native species, combined with loss
of foliar cover by western wheatgrass and blue grama, both native species (Table 10).
The combined cover of the two non-native annual species of cheatgrass—Japanese brome
and downy brome (Bromus tectorum)—provided 20 to 38 percent of the foliar cover
during each year of sampling at the mesic mixed grassland sites (Table 10). The two
species of cheatgrass combined also provided the second highest amounts of biomass in
the community, behind western wheatgrass, further indicating the strong non-native
influence in the community (Table 17). The high native species richness (Tables 3 and 4)
indicates that while the mesic mixed grassland still retains a large native floristic compo-
nent, the high non-native cover and biomass present in the community indicates its
degraded state (Tables 10 and 17). The loss of native foliar cover in the mesic mixed
grassland, like that in the xeric mixed grassland, is cause for concern and needs further
examination.

The dominance of the mesic mixed grassland community by cheatgrasses is significant
from ecological, management, and safety standpoints. Cheatgrasses have become the
dominant species on thousands of acres of rangeland in the western U.S. since their intro-
duction to North America more than 100 years ago (Pellant and Hall 1994). Studies have
shown that the germination requirements and competitiveness of the cheatgrasses allow
them to replace the native vegetation and, once established, cheatgrass is difficult to
eradicate (Rosentreter 1994; Monsen 1994; Haferkamp et al. 1994). This fact is evident
at the Site, where large portions of the mesic mixed grassland are dominated by cheat-
grasses. Much of the current state of the mesic mixed grassland can be traced back to
past land-use practices (overgrazing, farming, disturbance, water regime alteration) at the
Site.

Prior to the purchase of the Site and building of the Industrial Area, the land served pri-
marily as rangeland, with some farming in the southeast corner. Overgrazing (prior to
DOE purchase), combined with the semi-arid climate, provided optimal conditions for the
cheatgrasses and other weeds to invade and establish in the mesic mixed grassland at the
Site since grazing was stopped. Clark et al. (1980) mentioned the overgrazed condition
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of the land (as of 1974) and reported overgrazing as one of the key factors influencing the
vegetation on the Site at that time. She also observed what Weaver and Clements (1938)
had stated, that under a heavy grazing regime, the mixed grass prairie is replaced by
shortgrass vegetation, but when released from grazing pressure, the mixed grass prairie
returns (Clark et al. 1980). Much of what is currently called the mesic mixed grassland at
the Site was classified as shortgrass prairie by Clark et al. (1980). With the removal of
grazing pressure, much of the mesic mixed grassland has begun to recover from its previ-
ously overgrazed, shortgrass state, although the establishment of many weeds and other
non-native species has accompanied and slowed the successional return to a more mixed
grass prairie state.

Ecologically, the replacement or inhibition of the native species, many of which are per-
ennial species, by an annual community (including cheatgrasses, diffuse knapweed
[Centaurea diffusal, and other weeds), results in many significant changes to the com-
munity. Studies in other locations have shown that these changes include the loss of
genetic, species, and structural diversity in the community, which can lead to lowered
ecosystem stability, alteration of landscape patterns of vegetation, loss of wildlife habitat,
and declines in some wildlife populations (Rosentreter 1994). The conversion to an
annual community also results in lower quality watersheds with higher potential for soil
erosion, because the deep, soil-holding root systems of the perennial species are no longer
present (Rosentreter 1994). These are all important issues with regard to the management
of soil, water, and ecological resources at the Site.

From a safety standpoint, wildfires are one of the major concerns created by the cheat-
grass-dominated communities at the Site. As annuals, the cheatgrasses complete their
lifecycles early in the growing season, leaving a standing crop of dead, dry plant litter in
the community for most of the summer. In the areas at the Site dominated by cheat-
grasses, the biomass from these species is a significant portion of the total biomass pro-
duced (Table 17). The result is that large fuel loads are available in the community
throughout the year. The mesic mixed grassland dominates most of the hillsides and the
eastern grassland areas in the Buffer Zone (Figure 2). Studies have shown that commu-
nities dominated by annuals have a greater fire frequency than areas dominated by per-
ennials (Monsen 1994; Rosentreter 1994). The September 2, 1996 grassland fire in the
south Buffer Zone was a lightning-caused wildfire that burned over 100 acres at the Site.
This wildfire started in the mesic mixed grassland. From a fire mitigation standpoint,
management of the type of vegetation present in the mesic mixed grassland is a signifi-
cant concern.

Based on the current state of the mesic mixed grassland, management and conservation of
this community must take into consideration the factors mentioned above. Although not
a high priority for specific management (K-H 1997), some actions could be taken to fur-
ther improve the quality of the mesic mixed grassland. The effects of past overgrazing
practices and the semi-arid climate will make resolving this problem challenging, because
the cheatgrasses and other weed species (e.g., knapweed) are adapted to semi-arid
climates found in their native Eurasia (Monsen 1994). Reseeding of cheatgrass-infested
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areas with native forbs and grasses, combined with herbicide applications and appropriate
use of controlled burns, have shown some success in rehabilitating these types of areas
(Monsen 1994). Increasing the moisture available for plant growth (e.g., irrigation), in
conjunction with reseeding, would also help speed the recovery of the grassland (Clark et
al. 1980). In order to sustain and preserve the native species diversity in the mesic mixed
grassland, reduce the weeds, and reduce the wildfire potential at the Site, these and other
possible management practices will need to be considered.

Riparian Woodland

Riparian woodland represents less than 1 percent of the total area of the Site, based on the
1996 updated vegetation types map (Table 18; Figure 2). The riparian woodland sampled
by the EcMP consisted generally of what was classified in Figure 2 as riparian woodland,
leadplant riparian shrubland, and willow riparian shrubland. Although short upland
shrubland and small patches of short marsh, wet meadow/marsh ecotone, and Tall marsh
were occasionally interspersed along the stream channels, they were not included in the
total area determinations. This omission was made because these vegetation types occur
in large areas away from the stream channel. The riparian woodland sites sampled during
1993-95 included TRO3, TRO35, and TR10 (Figure 1). Because of the linear nature of the
riparian woodland, transects at these sites often were placed at different locations along
the drainages to incorporate variations in the habitat present. Soil types in the riparian
woodland areas are primarily Haverson loam and Engelwood clay loam (SCS 1980).

The riparian woodland had the highest species richness of all the communities, with a
combined species richness of 196 species identified in 1995 (Table 4). The riparian
woodland had only 73 percent native species (1995; Table 4), the lowest percentage of
native species of all the native communities (excluding the reclaimed grassland). The
lower percentage of native species in the riparian woodland was likely a result of past
disturbances and land use. Grazing, which previously occurred in all drainages, would
have allowed the introduction and establishment of some non-native species. Stream
alteration (stream channelization, pond construction, riprap additions) in the Walnut
Creek drainage at TROS also would have destroyed some native habitat and created dis-
turbed areas where non-native species could have become established. In general, the
streams themselves provide a good mechanism for plant dispersal, which could also
explain the higher non-native species richness along the riparian corridors. Increased
wildlife densities and use of the riparian woodlands and shrubland areas by wildlife
probably account for some of the greater percentage of non-native species, because the
wildlife would act as seed dispersers. The highest number of species found in only one
community over the three years was in the riparian woodland (113 species; 82 percent
native species; Table 5) and is best explained by the high moisture availability found in
the riparian woodland. Examination of the species found only in the riparian woodland
revealed that many of the species were plants commonly found in wetlands at the Site
(Table 5). The riparian woodland was the only community to show an increase in the
percent of native foliar cover over the three-year period (Table 15). The riparian wood-
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land was also the only community sampled that had significant vertical stratification that
included shrub and tree species (Table 8). The subjective selection of site locations make
it difficult to draw any definitive conclusions about the differences in shrub and tree
cover. The differences in frequency and foliar cover amounts for the dominant species in
each drainage may reflect the manner in which sites were selected, rather than truly repre-
senting differences between the drainages (Tables 13 and 14).

Site TROS, in the Walnut Creek drainage, had the most depauperate flora of the three
riparian woodland sites, with the lowest number of families and species represented
(Tables 3 and 4). The number of species found at TRO5 decreased over the three-year
period, compared to the large number of additional species found at TRO3 and TR10.
The increase in species richness at TR03 and TR10 (Table 4), as well as at many other
sites, was best explained as resulting from increasing familiarity of sampling personnel
with the Site flora over time. No reason is apparent reason for a similar increase in spe-
cies richness not being found at TRO5. Examination of the riparian sites’ species lists
revealed no particular pattern or group of species that was missing from TROS, other than
that TROS had a lower percentage of native species richness (Table 3). TROS also had the
lowest amounts of foliar cover, basal vegetation cover, and litter cover (Tables 7 and 12).

Many of the differences between the riparian woodland sites are probably best explained
by historical land management practices, specific to each drainage, which have included
such activities as grazing, stream channelization, and alteration of the water flow regime.
Historical aerial photos taken in 1937 and 1951, before construction of Site facilities,
show little riparian woodland development in all three drainages, with the exception of
the very upper reaches of Rock Creek. By 1972, however, with the cessation of grazing
and building of the industrial area, the aerial photos show trees beginning to grow in all
three drainages. The 1972 photo also shows that while Rock Creek (TR03) and Smart
Ditch (TR10) were left relatively untouched by human disturbances (and still are), Wal-
nut Creek (TRO5) was heavily impacted by the building of ponds and alteration of the
stream channel in the bottom of the drainage and upland disturbances on nearby hillsides.
These disturbances, along with the artificial flow regime present in Walnut Creek,
probably account for much of the lowered species richness and greater impact of non-
native species.

The riparian woodland community has been designated as a plant community of special
concern (Great Plains Riparian Woodland) by the CNHP because of its increasing rarity
due to overgrazing and development (CNHP 1995). Although it is affected somewhat at
the Site, the community provides important habitat for many bird and mammal species,
including a number of populations of the rare Preble’s meadow jumping mouse (K-H
1996).
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Reclaimed Grassland

The reclaimed grassland community represents approximately 10 percent of the total area
of the Site, based on the 1996 updated vegetation types map (Table 18; Figure 2). The
reclaimed grassland sites sampled from 1993 through 1995 included TRO7, TRO8, and
TRO9 (Figure 2), located in old farm fields in the southeast corner of the Site. Originally
outside the 1950s Buffer Zone boundaries, the reclaimed grassland area was included in a
1974 purchase that increased the size of the Buffer Zone. After purchase, the land was no
longer farmed, and based on best estimates, was planted with reclamation seed mixtures
in 1975 to prevent wind and water erosion. Soil types in the reclaimed grassland were
classified as Standley-Nunn gravelly clay loams and Denver-Kutch clay loams (SCS
1980).

The reclaimed grassland had the lowest species richness of all the communities (Table 4).
It had a combined species richness of 63 species identified in 1995 (Table 4). The
reclaimed grassland had only a 59 percent native species richness in 19957 (Table 4) and
consistently had the lowest percent native species richness of all the communities sam-
pled during the three-year period. Only four species, two of them native, were found
growing exclusively at the reclaimed grassland sites over the three years (Table 5). The
predominant life and growth forms of vegetation on the reclaimed grassland were peren-
nial forbs and graminoids (Table 4).

The reclaimed grassland showed 59 percent native species richness in 1995 (Table 4), but
taken alone, this statistic is misleading in describing the community composition. The
most striking observation in the reclaimed grassland was the total domination of the
community by two non-native perennial grasses, which were seeded approximately 20
years ago. Smooth brome and intermediate wheatgrass had combined foliar cover
amounts ranging from 73 to 97 percent of the vegetation cover at individual sites during
the three years of sampling (Table 11). These two species provided a combined three-
year mean foliar cover of 87 percent in the reclaimed grassland (Table 11). The fact that
all native species combined provided only an average of 3 percent of the foliar cover in
the reclaimed grassland (Tables 11 and 15), and less than 1 percent of the biomass (Table
17), reveals the highly altered state of the community. Successionally, the return of the
reclaimed grassland to a mesic mixed grassland has been retarded by the aggressive
nature of these non-native species. Very few native species have been able to reestablish
within the community (Tables 11 and 17). Also interesting was the low foliar cover of
other weed species, such as the cheatgrasses, musk thistle, Canada thistle, and various
mustards, which are more common in the mesic grasslands surrounding the reclaimed
grassland areas (Table 11). The aggressive and competitive nature of smooth brome and
intermediate wheatgrass allowed them to keep even the weeds out.

Studies examining successional progression on old agricultural fields and abandoned
roads on the eastern plains of Colorado suggest that 50 years or more are required for
natural successional processes to return an abandoned field to its native state (Shantz
1917; Reichhardt 1982; Costello 1944; Judd 1974; Albertson and Weaver 1944). How-
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ever, many factors influence the speed at which recovery takes place. Distribution and
timing of precipitation, wind movement and drifting soils, the number of years of culti-
vation, surrounding land use, grazing pressure, type of grazer, rodents, insects, topogra-
phy, slope, and soil types are all important factors that affect the recovery rates of
grasslands in eastern Colorado (Costello 1944). Direct comparison of the reclaimed
grassland at the Site to the successional stages described in these studies is complicated
by the fact that the reclaimed grassland was seeded, not simply abandoned. The planted
species would certainly have an influence on what native or non-native species have been
able to re-establish. However, some important lessons can be learned that may be appli-
cable to future revegetation concerns at the Site. Four to six successional stages were
identified in three of the earlier studies (Judd 1974; Shantz 1917; Costello 1944; Table
19).

Based on the natural succession rates in Table 19, the reclaimed grassland should have
been nearing the early stages of a perennial climax mixed prairie community-if nothing
had been done to the old agricultural fields (based on 20 years of growth). The area
occupied by the reclaimed grassland is thought to have been a mesic mixed grassland
prior to cultivation, and thus, the climax species would be more of a shortgrass/midgrass
mix composed of blue grama and western wheatgrass, along with other native species
typically found in the mesic mixed grassland at the Site today. However, the species
richness and composition of the reclaimed grassland today remains considerably different
from the mesic mixed grassland at the Site (Tables 3, 10, 11, and 17). Species richness in
the reclaimed grassland was less than half of that in the mesic mixed grassland, and
although 62 percent of the reclaimed grassland species were native, native foliar cover
was only one-twentieth, and native biomass less than one-sixtieth, of that found in the
mesic mixed grassland (Tables 3, 11, and 17). The planting of smooth brome and inter-
mediate wheatgrass has dramatically inhibited the natural succession of these old fields to
a more native grassland. Based on the current status of the reclaimed grassland, it could
potentially take a century or more, depending on the factors listed above, for it to return to
its native state. It may never do so without intervention to re-establish the native species.
This is important to note, in light of the DOE’s goal of preserving the ecological
resources and improving degraded habitat at the Site.

As Site cleanup progresses and the revegetation of caps and disturbed areas is planned,
serious consideration must be given to the seed mixtures used for revegetation. It should
be obvious from the reclaimed grassland data that smooth brome and intermediate
wheatgrass should not be planted at the Site for any revegetation purposes. Besides
retarding re-establishment of the native prairie, as previously mentioned, the reclaimed
grassland has lower potential for erosion control because of its lower basal vegetation
cover and higher amounts of bare ground, compared to the native mesic mixed grassland
(Table 7). Revegetation with native species and re-establishment of the native grassland
communities, as well as possible, will provide the best long-term solutions in terms of
both ecological and practical functionality. The use of native species will also comply
with DOE orders and with the Ecological Resource Management Plan for the Site (K-H
1997). For short-term ground and erosion cover, annual species such as common rye
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(Secale cereale) or cultivated oats (Avena fatua var. sativa) could be used. These species
survive only a year and do not replace the native species in the plant communities.

The findings from the reclaimed grassland agree with other studies that have examined
the dominance of smooth brome in native prairie ecosystems (Grilz and Romo 1994;
Blankespoor and Larson 1994; Sather 1988). Sather (1988) outlined the threats posed by
smooth brome being used as a revegetation species and reported on its invasive, aggres-
sive ability to dominate plant communities, replacing the native species. Blankespoor
and Larson (1994) and Grilz and Romo (1994) studied the response of smooth brome to
fire in an attempt to identify management techniques that would reduce the competitive
nature of the species. Blankespoor and Larson (1994), in studying a tallgrass prairie rem-
nant dominated by warm-season grasses, found that spring burning with either high or
. low water availability decreased the amounts of smooth brome in the plant community.
However, without burning, the smooth brome increased under both high and low water
availability. Grilz and Romo (1994) found no significant difference in smoeth brome
amounts between control and burn treatments on a Fescue-dominated grassland (cool sea-
SOn grasses).

The species composition of the native grassland has a significant effect in determining
how successful the use of fire will be in controlling the smooth brome, which itself is a
cool-season grass species (Sather 1988). This information has important consequences at
the Site in terms of managing the reclaimed grassland. Although it may not be a high
priority to reclaim the grassland back to a more native state, the larger problem may be
preventing its expansion at the Site. Nelson (1996) observed that in some locations
where smooth brome has been planted to revegetate disturbances, there are “islands” of
nearly pure stands of smooth brome established in the native grasslands downwind of the
revegetated areas. Additionally, Murdock (1996), based on observations from 1991 to
1996, suggested that even in areas isolated from historical revegetation efforts at the Site,
smooth brome has become established in dense patches, which appeared to expand over
the years. Additional monitoring is necessary to determine if these “islands” are actually
expanding and whether new “islands” are being created, further degrading the native
grasslands at the Site. Because DOE’s goal is to maintain and sustain the current eco-
logical resources at the Site, future control efforts may be necessary to prevent the spread
of smooth brome into the native plant communities. Potential actions that could be taken
might include reseeding the reclaimed grassland with native species, irrigating the field to
help re-establish native species, treating with herbicides, treatments using controlled
burns, or designing a combination of these techniques.
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SUMMARY

The EcMP sampled the xeric mixed grassland, mesic mixed grassland, reclaimed grass-
land, and riparian woodland communities at the Site from 1993 through 1995, character-
izing species richness, vegetative cover, and biomass production (no biomass sampling
was conducted in the riparian woodland community). Many other plant communities at
the Site were not sampled. The data revealed differences in the vegetation between the
four communities:

m The xeric mixed grassland had the highest number of native species
and the highest percent vegetation cover and biomass production by
native species, indicating its high quality among the communifies.
sampled. The high cover and biomass amounts of the tallgrass prairie
species—big bluestem and little bluestem—at locations in the xeric
mixed grassland were instrumental in helping to identify the tallgrass
prairie relict at the Site as a unique ecological resource worthy of pro-
tection.

m The mesic mixed grassland, while still containing a large remnant of
the native flora, was somewhat degraded by the high cover and bio-
mass amounts of cheatgrass, likely brought about by past overgrazing.
Control and reduction of the cheatgrass and other weeds in the mesic
mixed grassland would greatly improve the quality of this community.

m The woodlands and shrublands in the riparian community at the Site
have developed largely since the DOE purchased the property, ended
grazing, and in some cases, altered stream channels and stream flow.
The riparian community, while having the highest species richness of
all the communities, also had the lowest percentage of native species.
Native cover in the riparian community was similar to that found in the
mesic mixed grassland, indicating its somewhat degraded quality.

m The reclaimed grassland, an area of old agricultural fields, was shown
to be a greatly altered community. It had the lowest species richness,
lowest percentage of native species, and lowest amounts of native
vegetation cover and biomass of all the communities. Based on its
current successional state, with no intervention, it is estimated that the
reclaimed grassland could take more than 100 years to resemble the
more native grasslands at the Site, because of the aggressive nature of

25




the smooth brome and intermediate wheatgrass that dominate the area.
The presence of a smooth brome seed source at the Site may also pose
a continued threat to the native grassland communities at the Site.
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TABLE 1. ECMP SAMPLE SITE CODES, COMMUNITY TYPE,
AND WATERSHED DESIGNATIONS
Community Type

Watershed Xeric Mesic Riparian Reclaimed
Rock Creek TRO1 TRO2 TRO3
Walnut Creek TRO6 TRO4 TRO5

Smart Ditch TR12 TR11 TR10 TRO7, TROS,

TRO9

1 \datamgmiicb3eVodyVtab1&2.doc




TABLE 2. VEGETATION SAMPLING CONDUCTED AT
EcMP TRANSECTS, 1993-1995

Sample Type Spring Summer Spring Summer Spring Summer
1993 1993 1994 1994 1995 1995

Species Richness X X X X X X
(Belt transects)
Cover X X X
(Point-intercept
transects)
Biomass X X - =

(Production plots)

Plant Nutrient X X
Analysis
(Production plots)

g:\prodctn\cb3e0401\ecmp\fabs1&2.doc




AN

POUIGLIOS @1eP 1602I01UILIOD PUR 1D0SUR A 1|0G LUO POSEQ ISOULDN) S0100d8 GEG| *PAUIQWOD RIEP 1010 UCNINPOIS PUR JOSUR) 1Bq UC PESEQ SIBUYDY SB100ds VGG L PUP £661

SIX'€31BVL  L6/0E/Y

X A LvIsY 7 81A98) 1Y

X X A {13HSY ABiD) 'y snlddsay oISy

XX X{X|XIXIXPXIX XXX X[ XPX XX IX|X]|X]X]|X]|X X X X|X|X{A LY3svY ' s9plod3 I8y

XIX|IXIX XX XX XEX XXX XXX X XPX XXX X XXX ]A LYY "HNN BUBIDIAOPN| BiSIWoY

X{X|IXIX|X]|X XX [X|X]X vm XEX XX XXX PX X[ XX XXX X|X]A 3-EA4 ‘PUIM ePIBL} BisIWOLY

X[IXIX|X|IX|X}IX{X]|X XIX XX XIXIX XXX [X]|X[X|{X]X XXX A | LHQYY ] 8NNOUNDBIP BISIWAMY

XX XX |X X | X X X Al tvouvy 7 suisedwed esIWAY

X X X X{X X X A NPV 'ysing suabiny ey

X A LINYY *Yuieg sNUIW wnNRaIY

X LNV *ds epguudUY

X[ XX X|X|X]A LIWNY *qpAy e|iAydosolw eleuURUY

X XX XXX IXIX XXX XXX XXX X XXX PXIX XXX X | XA ]| VSNV *0Q eAyoeIso|Isd BIsSOIqUY

XIXIXEXPX XXX |XEX XX ]XIX]|X]IX]X X1X|X X{X|X{A LINJV 19dig {"1INN) esojnue| "dss ' WNIjogI||iw eS|IYRY

3v30VY3lsv

X X X|X X X XXX X[X|X]A UASY ‘jey BIOjIpLIA sBIdI|OsY

X X XIX|XIX|X[XIX[X|X]X X A LdSSY ‘110) es0199ds seidajosy

X{X|X X[X]X A LNdSY leA {Aeig) epwnd seidajosy

X X | X A INISY 1 eleuleoul seida)osy

X sy *ds se9sepida|osy

3¥30vavId310SVY

XXX X XXX A LVY3dY 7 wnuiqeuued wnuAsody

3V3OVNADOdY

X | X XX X|X A Lanw 'O g "L X9 'UNN (‘'YSINg) wnN}eouBAp UOIUISHY

X X XX X | X X | X X | X XX X | X X | X A L8001 950y R ‘YN0 SIULC WNNEWO]

X A 1dS3H *J wnijApuoyds WNooRIRH

X X A LY1VH 'y ® ‘D (Aei9) esno|dAyoes sunoqisy

XXX X N | IYWOD 9 wnignoBwWw wWNiue)

XiX|X A LYWID 7 eig[noew eynaL)

3V30VIdY

XXX A LAHOL U219 (B19qpAY X3 ||BWS) 1813qpAI UCIPUIPOIXO) .

XXX XXX X|X|X1A LYUVHY Aeig *y {"LINN} B1EGOJUL *JBA ‘1l BOBWOIR SNYY

3V30VIQUVIVNY

X LOvsS *ds euelBes

IVIOVIVASITY

XIXIX}X|X]|X X X|X|X X{X}X X|X|X A 17190A ‘1NN BoN8|6 eoanp

AY3IDVAVOVY

S6|v6|£6|S6 |V6 |€6 |S6|V6 |E6|S6 |V6 |€6 |S6 |v6 |£6§S6 |6 |€6 |S6 |v6 |€6|S6 V6 €6 |56 |v6 |€6]S6 |v6 |€6 |S6 | Y6 [£6 §S6 {6 |€6 3002 3WVN DHILNIIDS

6|6j6)18|8|B8lL|L|Ljolo|o]s|s|syele|egb|Lryv]|v|v]Cc|T|ege|c|c]|ofjojotrt]|ts]|t]3]| -oads
ojlojojojojoqjojojogtjtjLjojojojojojojtit|tjL]jojojojojojogtit|t]joto]jojojofjo]A
Hijd|ydjyjujadjyg|g|uju|ylyjd|ydjdjyjy|dujydjujujulyjy|uejyujdjujyjujegjujuyjull
Ljajajrfjijrjajajprgafjrjajiprjagejijrgrjrjrjefjrjrjapajepgrjejrjrjajarjrjrjrje
N
82§ PIWNBIOIY 83115 usuediy sa)g S SAG MIY

G661 B ‘P66l 'c661 HOd SILIS dIND3 LV SNOSIHYINOD SSINHOIY S3103dS °€ 318Vl

[



AR A4

pOUIqWOS B1Rp 1d02IBIVI-ILIOD PUR JDASUL N 1|8G UO POSES SSOUYDII 0100d9 GGG L

pouIqwos 81ep Jjojd uonanpoxd pue 190sUB 1 1j0q UO Paseq $SOUYDLI $0100dS PEE|L PUR £661

SIX £€319vV1  L6/0E/Y

X | X A 1dOld *qpAY (1INN) sojnisoddo sisdojuapeldlyd

X XX X | X XX X | X X1X XX A [Tatells] dig ‘yog {'ysing) e1epidsno s1050I0IN

X|X X|IX|X X XIXIXIX XX XX PXEX XXX XXX |XIX]A Lndin *}ooH eiejound sujer|

XX X X1X XX [X]IXIX|X]|X|X]|X]}EX V_A XIX XXX X IXIX|XIX]X]|[X]|X XN 138V ] ejoies sBomoe

X ' A 180V “MNN 21j0}iBucjqo eonyoe

X 1 X LHNY *ds gjuyny

XX X|X X | X XIX|X[iX|X}X A LN3NX *7 soploloiedna eluyny

X|X{XIXIX|X]EX X X XX A LHONYA ‘[PUBIS R} *J0OAA SId9]0I0IYD BrUYNY

X A LXVAL ysing sue||ixe BA}

X X X X A LIJAH *300H snyoyi} snddedoudwip

X X X X 113 *de snyuelfeH

X P 19%191 (-qpAY} s9pIoquIoligns -dss *J9Q {-880) enpibl snutuelon

X X XX XX |X|X]|X XIX|X]X|X]X]A L1Nd3H VNN snjwind snyiueliey

X X X X X X X A 13d3H “BAN sueonad snyiueloH

X XX X Al INV3H 9 sNNuUe SNYIUEHI|

X[ x[xIxIxixx X [x XIxIxIxIxxIxxxIxxTx]x]|x|x A | (vsno Aqsny % g ["Ysing) 98141015 BIZaLBIND

X|X[X]X|X XIX[XEXIX|XFX[X|XEX XXX X[XEXIX}X A | L0SYO ‘unQ {"ysing) esoilenbs eyopung

X|x|x{x XIX[X]A]] tavvo ‘ysing s1e15Le BIpIe|jIeD

X Ly3 +ds uosebuy

XXX X X X XX XIX X XPXIX XXX PXEX XXX XXX XA [QEEE] Aeig suejebeyy uoibug

X XXX XXX X XX [XIx{x]|x X X{X|X]|X A 11Qy3 'O % ‘L suobiaAlp uosabl3

X A | 100YD "1INN §I|eIUIPI00 §1dD

X[IX]|X X XX Al tv202 ‘buoin ("7} sisuspeusd 82Au0)

X X N LOAID U9} {1neg) 2usBiNA wndN)

X R XIXIXIX[XPXIX[X[XIXIX XXX XX ]|X]|X]A LNNID ‘Buaidg (1INN) wnieinpun wnisny

XIX XXX XIXIX[XIX XXX X[ XEX [ X XPX|X[X]X]|X]|%X X XXX N 18vID *doag {"]) Isuvale wnisi)

XX XXX N LNID 7 snqAlul wnuoya)

XX X|XIXIX|Xx]|X X XIX{X[X{X X IXIXIX[X|XEX[X]IXPXIX|IX[XIX]|X]A LIAHD ‘ysing esofiia sisdosAiyy

X|XiX X X|x|X XIxix|Xx X|X|XJA]| IndHD JuavIg eeld|ny sisdoshiyd

X N LITHD ] WNWRYIUEBONS| WNWARUBSAIYD

XIX|X]}X X X XX |XIX|X]|X]X XX N 11a32 ‘WB Bsayp 8aNBILIY

XX X XXX XIXIXIXXEXIX XX |XIX]{X]X]|X}X X{1xX|x N1 LANVD 7 sueinu snnpie)

X A LyJig e50PUOI} SUIPIG

X X|x X 1i1sy ds sy

X XX |x1X X XXX X|X|X XX |xX{x|xjix XX |X]A]| todsv Avig) usiiod sy

X XX A 100svY "9 ¥ *1 ("N} sigIusplogo sy

S6]v6|E6|S6 |YE |€6 |S6 |6 |E6 |S6 |v6 |E6{S6 | b6 1€6 |56 |v6 |E6||S6 |v6|E6|S6|v6[E6]S6 V6 |E6 )56 |v6|E6|S6lve |E6|S6 |ve|€6 3002 JWVYN JIHILNIIOS

elejel8isiI8fL|L|Ljo|o]|o}s|s|sje|lec|eqr|t|tLtiv]iv]|vic|eleeiez]|eiolota|trt]|tLtfL]a -03dS
ojojojojojojo|jojojtjtjL]ojojojojojoft|LftLtL]oiojojojojojL]|t]t}jojojojojojo]A
Bleg|yju|ly|d|Ujyjdpudjuyjyjy|jy|djuyju|dfuyjdjdjujyd|Bly|yjujujuiujuy|uylujulyjy]
Ll lLjLpejapiiafaefejraajrjagrjrirjejrjrajdijrgejrjrjr|jejrprpefrys
N
salg paunvjoay $01ig Usuediy 3G OIEIN SIS OMIY

(iuod) ‘g 37aVL

!
t




Zl e g POUIqWIOD 18P 1082101 LI PUR 100SUR N 1{eq U0 PESQq SSOULDN SOI00US GEEL  POUIWOD glep L1ojd LUONDNPOIE PUT 1SOSUL Y 18q UG POSEq $SBUYDH S0I00dS KEG | PUC £661
SIX'EINBYL  L6/0E/Y

X A LIHYVY suljjoy {sunjdoH) ediesouAd ‘iea *doog (']} einsiy sigely

X X|x X | X N[ tiouvy “yuiag (*7) eJqe|B siqely

X A £348Y 3UIAID ('sIBA\} UIPU3) sIqeIY

XXX X XXX |XEX|{X]|X]X XX [XIX]|X wﬁ XXX XX [X][XIX]|XPXPX[X]X|X]X{X]N LINTY sjewyioy (1) snuiw wnssAy

X X 1" X N LIvIY 1 {*q) sopiossAje wnssAly

1 3IV3IDVIISSVHE

XXX XXX A | LOWNO *XYDIW S|jow wnpowsouQ

XX X|X X X | X A LYI13W *DQ 'V {'Ysing) eie|090ue| SISUSMIIN

XXX X X XIX|X|X A LNIN TWYRT WINSIdU) wnuuedsoyir)

XX X|X XX X | X X A 1341 QURSID ["WOUIOH} IIsMmOopsr Bindden

XIXIXIX|X X N L40AD 7 9Qeuidi}jo wnssoBoul)

3V30VNIOVYO8

XX A {1sVX ] WNNBWNAS wniyuey

XPXEX XX IXIXIXEX XXX XXX XX PX XXX XXX X PXIX XXX XXX | X xX]N] tnayL *doog snignp uoBodoBel)

X|X A | LOHOL ueweag 119X00Y BIPUISUMO

X A L4904 {*}INN) si0}jipUEIB elpudsUMO]

X X XX X A LIWHL 373y ‘O {‘Buvidg) wnojusiodebaw ewiadsa|oyy

X L4Vl *ds wnoexese |

XX X XX XXX XXX |X]X]|X X[ X XXX XPX|XEXIX|IX]|XEX]|X N 1J0VvL 19G3AA 2jBUIDY}JO WINDEXEIS |

X N LYIvVL *2Q {'PIW} wmeBiade| winoexess |

X X A lvdlS *SI9N "V (*10]}) wiojjioned enswousydng

X LNOS *ds snyouog

X X X N ISY0S WH (") 9dse snyouog

X N ZYvOos ueWAN {*qaig) snsou|IBn *dss '] SISUIAIR SNYOUOG

X X X 2108 ds oBepljog

X X X|x A L180s “q epibll oBepijog

X|X A | t3aNos VY sijeJowau oBepyog

X|X XIXIX[|X]|X X XX |X X XA | \ONOS ‘y8g sijlow oBepyjog

XIXJXEX|X[XIXIX[XIXIX[XPXX|X[X{X|{X]|X X|X]|A LINOS NN s1sUILNOSSIW oBepljog

X A L190s ‘My e9ajuebib obeplog

X XX A L¥L3s ‘qpAy sniejnoiluIpLy oloueg

XXX X|Xx XIX|x X{IXIX]IXiX|X]|X]|X A 1dS3S 'O g "L sepiojiieds oj3uIg

X|X% X Xt X X XX XiX|X]X XX A 11d3s 13NN steuie|d 0193Ueg

X X X {X X X A LNI3S TIRN SNWi13B93ul Closusg

X X X XX X X X |x XIX|X]x|X[xXIX|X]|x]|x{x X N | tvios 7 el8iUIde] BI9UOZI0IG

XX X XIX|X]IX]|X XEX | X|XEX|X|IXIX|X]|XIX|X]|X]X X|X|A]| toovy "IPUBIS @ “IOOM ("BINN} eldjiuwniod epigiey

V6 |E6|S6 |V6 |E6 |S6| V6 |E6]S6 |V6 |€6 |S6 |v6 |€6 |56 |¥6 |E6)S6 |v6 |€6 |56 |v6 [E6 |S6 (V6 |E6|S6 16 |E6 |56 |v6|€6|s6 e |E6 3002 JWVYN DIHILN3IDS

eielelsi8|s8lLjL|jLjo]|o]jo]s|s|sjeje|eqrtit]|bv]v]|viviejelepeielez]ololofvitfie]3]| -oads
olojojojojojojojojtit|tjtjojojlojojo|oftititir]o|lojojojofofi|Lt}r}o|lojo]o]jofo]n
dldjyju|y|yjy|ujujujdluyjuidjylulajdjujuiyjy|jy|y]lejlujeluyjyjuiu|ulujuluiy]l
Lilfrgabapagejrjaiirjrgajrjrjejeteqrjajajerjejrjejejrjajrjejeyjegrjrjege
v
N
SAUG paunegrIy $3)15 uvuediy R Sallg ouIx

(03} g 31gviL




Loy

POUIQIIOD 210D 1d0201UI-ILI0d PUR 100SUR N 10q U0 PESE( SSBUYDN 019043 GGG L

POUIGUIOD ©1EP 1010 LONINPOId PUR 1O0SUL 1) 1|0 UO PASEG SIOUYI SOIDAUS YEEY PUL E66L

SIX'ENQVL  L6/0E/Y

XXX X|X|X}|A 2344V ABID "y U9)pUD} BLRUIIY

IVIOIVTIAHJOAUYD

XIXIXIXIXEX]IX][X]|X A} 100AS *$OOH 8(|83UAP1000 sodipolOYdWAS

3v30ViN0di¥dvd

L g X X L ds sjuepoy)

1 X A 13741 *MNIN {*3INN) Bdigooyda) siuspol)

X X A LSO 7 eanpydis gljeqon

X A | 1OYvD 7 8ljojipuniol ejnuedwe)

3VIOVINNVIWVYD

X X XX A 11834 osoy % ‘Lug {"webu3) nuosdwis snyoeooIpey

X A | toddo "mMBH SYiueocAjod enundg

X|X|Xx{x XIX|XIX|X]X XIXIXEIX XXX [X XXX XPX X XXX XXX X}A] INHSO "jey {*jey) esnjiwny enundo

X|X XIXIXIX|XIXIX|X|X]IX|X]|X XX A [3:EE1e) *MeH (‘UnN) s(iBel} eundo

X X XIXFX XXX X[ XIX XXX | X{X]|X|X{X]A LIAD3 “WIIBU3 SNIOHIPLIA sN1300UIYD]

X | X XX XX XIXIXIX|X]|X]A LWOD 980y B ‘NG {199Mg) stsustnossiw eyueydAio)

3V3IDVIOVD

X|IX|{X]|X]|X XXX X | X X N LYVYHL ] 9suane idse|y]

X | % XxTxIxIxIxxx{xxIxxxx[x{xxxfx[x]x N[ 1vis " wnuissnje WniquAslg

X A UAHd ‘qpAy Ba2jNiA BlBSAYY

X[X|X N LJOVYN *Jg ‘Y 9[BUIDIHIO WNILINISBN

XX |X|X XIX|XIX X |XIX|X|X]IX|X]IX]A 10NN *s1eAp (ARID 'y) eusluow e)j19nbsa

X X X | X X X A 13031 ‘peIYSg wniojjisusp wnipidey

X X X | X X X 1d31 ‘ds whipideq

XX N{ 3yu3 ] Wnpuedal WNWNsAI3

X X XIXIXEX XXX X]|X]X]|X XIXIXIX{X|IX]A 1Svy3 *0Q {"1INN) wniedse wnwisAig

X|X XX XX X | X XX X|X A 134YQ ‘g (*wed) susidas eqesq

X X A 13NYQ *] BS0JOWIU BqRIQ

X 1s3q *ds sjuieInosoQg

X X X|X N 10s30 qqapn {*7) eiydos sivienasag

X X X X X|x X | x XX A L1430 21|49 (199MG) HUOSpPIBYOl BIUIRINDSIQ

X|X X XX XX XEX|X|XIX]|X XX X | X X|X X|XIX{x]|X A tid3Q ‘nug (*1lep) eyeuuid sluieInoseQ

XX X X|X X|X APX X IXIX | X XIX X |X]XixX XIXIX{X|X|XIX]|X]|X]|N LINYD ‘2ipuy sdiesolsiw eullpwe)

X N LHOVD -2zeN-puRH () sisusdsjeyo euepie)

X X X X (3:1:] *ds 3v3IVIISSYYE

XIX|XIX{X[|X X N tyovs ‘qopITY $LIII0YII0 BRIRGLEY

X X LVYY *ds siqey

S6|v6 |E6|S6 | V6 | €6 |56 | Y6 |E6 |S6 | V6 |E6 |S6 |V6 |€6 |56 |v6 |€6 |56 |v6 |€£6 |S6 |v6 |£6 |56 |v6 €6 |S6 |v6 {E6 |S6 |v6 |€6 |S6 |v6 |€E6 3002 JWNVYN JIJILN3IDS

6|leje|8|Bi8|L|LLo]ojofS|s|s]e|ejeL]|t]|rvirviv|v]ejeieelejeioleloftLt]|Lv]|e]3] -oads
ojo|ofojojojojojotitftLtjLtjojojojojojojtijtjtrtjoe]jojojojojojtjL|tjojo|jojJo]jojo]An
PR R IR AR AR AR IR R E R ER AR R AR AR RR R R AR RE AR AR R AR AR AR AR AR AR AR AR AR AR AR AR AR B
P N N S O O N I A N O P O O O O I O IO I O (O N O I (VA O 0 A Y U U Y U U N YA [ N T I N A O 6 R A O IR O
A4
N
631G paunuoay sal)S usuediy SONG oIsA Gallg ouay

(luod) ‘g J18VL

'
i
s
i
t

|
,y
¥



2L o8

*POUIqUIOD B12P 1dB2J0IUE-IUICA PUR 1DOSUL 1) 1|OG UC POSRq SSOUYDH S0190dS GE6 L

pouIquIOD 18P 10jd UCHONPOId PUR 300SUBN 1]0q LD POSEq SSOUYIN) $0100d8 PEGL PUC £661L

SIX'EINBYL  L6/0E/Y

X XX X A LYWI3 11ug BAYO8180I08W E1IBYO03|3

X X X A L1oVvI3 ‘S | Y {*7) sus|noIoe §1BYO09|]

XX X X X [R?) 4o} *ds x918)

XX A LLSVYD YN eredis X918

XX “ A LISYD *YOBW BIB|NWIS X948D

X)X 1 A | Z0YvD *PIIIAV X9 S9%0)S 8181501 X9180

X X XIX|X]|X A L¥dVD '1100g ‘M sijioeiBosid X91RD

X X XX Al tyovo “W|OH §1184009J0 X180

XIX XXX ]|X{X]|X]|X A 13NVD MO SISUINSBIGEU X960

X X1X A [R-aJe) *XYot esoutBnue| X989

X A INIVD Adjieg Jo0u03U1 X3.8)

X | X X X[ X XX X|x XX A | 13HYD “WoeW e|lydoljay xa1e9

XX A L13vd *UNN BIOJIY} X9I8D

XX XIXIX|XIX]|X]|X XX X XA 113vd A3jieq s1BY209|3 X318)

X X X A Lyavo T[IAUNT X9 “YORA {*M2Q) JOIAIIQ XRIeD)

3V3OVY3dAD

X A LVI3s *110] WN}ejO0UR| WNPIG

3¥Y30VINSSVYYD

XXX ]X X{X XX X X A LNNA3 'S '® Y snue(|iennu snNAjoA]

XX IxTxIxIxxxxIxx[x X [ X% X% X X | % x X N 18v0d "] SISUIAIE SNINAIOAUOD

X A 13SVvD wwwnig erenbue dss g Yy (") wnides wniBaisAjen

IVIDVINATOANOD

XX XX X} X X X A 10041 WAWS {*131ug} $1183UIPI200 enUeDSIpE)]

AYIOVNINIWWOD

XIX|XIX | X[ XX [XiXPXIX|X]IX|X|X XX X [XIXEX XXX ]|X|X|X]|X]X]N LIdAR 1 wnyeloed WnousdAH

3IVIDVISNID

XX XX |X|IXIX[X]|X]X X1X|x A Z3MHD boy X2 "unN wnjAydoids) wnipodouayn

X N LIVHD *} wnqe wnpodouay)

X X LHO *ds apooeipodousy)

3VY30VIQOdON3HD

X N LADVA ‘oIpajy BlepiwelAd BUBOOBA

X1A 104s PIMM X [Yniy eljo}iBuc] sUB (IS

X X X|X|X]|X|X|X]|X]|X]|X§A Lyais YOO} lIPUOWIWNIP JUIIS

XX XX X|x X X | X A INVIS 7 eulyuiue UG

X XIX|XIX|X|X]|x|x|X]|A Lvrvd sawer g 1§ *1 nsawel eiyoAucied

XX A | t¥v3d 7 9SUIALE WINISEIT

56 |v6|£6 |56 |v6 |£6 |S6|ve |E6 56 |v6 |e6 o6 |vE |e6|S6 |ve [E6|s6 |ve|ce|s6|ve |6 |s6|ve |e6fs6 |ve |e6]s6|ve|c6|s6|veles Elelete] INVYN JHILNIIDS

6ie|ejs|s|s8ys|L]L]o|o|o]ls]|s|s]csleiefr|L|tivivivicie|cgziec]|z]ololoetitle]a]| -oads
QjofojJojojojojojogtitji|L]ojofjojojojofti|L|t]jo]joto]jojojojrL|L]|t]o}lo|lo]jojolo}An
Higldly|d|Yd|y|u|upujd|ajuy|ujuly|y|ylulujyju|juiyglu|y|lyju|lujulululyly]ju|lu]
Llrjrfjajrjrjrjrjiqrjrjirjrjejefprjryrjrjeprjejerjrjojagqarjatagrfpajalelr|ale
¥
S2US PIMNGIOIY €3l usuediy sang olsapy GalS MY

{3u03) g 31avL




ZL 09 ‘pouIquI0D @1ep 1d03I0II-IUI0d PUB 120SUE A 1[0 UO POSEq SSOUYDII SMINOdS GEGL  POUIWOD ©1ep 10jd UOHONPOId PUR JOOSUR N HOq UOC POSEQ SSOUYDH SO100dS PG| PUR £661
SIX'EFNQYL  L6/0E/Y

V13N ds sniojoly
XEXI XXX IX|X]|X X|X|X X N LJ03W ‘lied {*7) seuIngjo sMiokIN ;
XIX|X X XIX|X|X]x X N | 1IvVaw *OIpO eqie SNIOfIPN ¥
XXX A Lyvnl ‘ysing snajusbie snuidny .
XX XXX X|x ! i A 1N3v1 UYOP ‘1 PUE 5I3}INEY SNWSOONS BNIALNET “
XX XX |X]|X]IX]|X]|X Y A 13770 ‘ysing e10pida) e2IYLA2AID _
X XX [Xx]X XX |XIX|X[XJXIX|X]|X[X]|X]}]A] indVa wep eandind sojeg
XX X[|X[Ix]x X X A tvova “PIM epipues eajeq
X X X X X X | X [T "5 enjebenty
XXX X XX XIX|X]IX|X]|X X{X1A LHSSVY ‘DR L X2 "WUNN snueloys sneBensy U
X XX A L3ssvY Aei9 sNoN2jooIRs snjebelisy |
XX A LVYdSY Aeipy 1Aued snjebBeiisy
X A |- UNSY 1IN §ISURLINOSSIW SNjeBensy
X XX X X XXX X|X|X X 1A [RE uoQ ‘O(*%00H) snsonx2|; snjebelsy
X X|X|X A | wuasvy *3OOH X9 '|Bnog Ipuowwnip snjebessy L
X X|X XX X A LYosYy “WNN sndiesissesd snjeBensy 3
X X X|X{X X X|X X|X|X]A| 1ovsy uo@ ‘D x? ‘|BnoQ sns2.Be snjeBensy !
XX XX |X|IXIX]|X]|X A 1YdNY 7 esoonnij eydiowy y
X tvd *ds sesosqey
3V3Dovavd
X tdn3 *ds eiqioydny
X | X X\1X XX A 1dsn3 ‘wen ele|nyieds etqioydny
X A 13sn3 *8194 8Hoji|AdIas wiqioydng (
X XX XX A LoH¥Nn3 1pws {"wiebu3) eisnqos eiqioydng
X X Al tvwna ysing ejeuibiew eiqioydny m
X A 13003 %Yol BIeIudp Biquoydny
3v3I0VIBYOHdN3
XX XX A 1v103 *ig ‘v wneBinde| wniasinby v
X X |x A | tAHD3 *7 9]PWAAY WNIISINDZ -
X |x X | X X | X A | t1yvo3 *9] 9sUDAlR WN3ISINDI ,
3v30v13SIND3 §
X LI0s ds sndilog )
X{X|X]X]|X A | tVAlS ‘IYBA snpijea sndilag
X{X|x X X|X|X A | tvdos U134 (n1g) snpijed sndiiog
X XXX Al LWvdsS *$19d SNUEDIWE SNdiDG ”,
X X X A Lvd13 }inig X3 qun {*'s } "Y) enased sueyao9)y
v6|€6|S6 |v6 |€6 |56 |v6 | €6 |S6 |v6 |£6 56 |v6 |€6 |S6 [v6 [€6 fs6 |v6 |€6 [s6 |ve |e6|s6 |ve |6 fs6 |ve |c6 |a6|ve |e6|s6|ve |c6 3000 IWVYN JIHILNIIOS
cie|els|8|8jLfjL|L)Jojojo]lsjs|s]ele|egr|Lt]rr|v|vle|z]|c)z|z]|ciojoloft|t]L]a] -o3ds
O|otojojojojojojojijt]r]jojojojoiojoftLt]r|Lt]jolojojo]jo]jofi|t]tio]o]lo]olo|o]an )
Hidjylylujdjuyjdjuyjy|yjuyjyjujujujuulujuly|uju]ly|u|lujujyjulu|jujululgiul '
P 0 I O o O N N N N (N N N S A O I A Y O Y A U N O W VA A Y O O I S T O IR AR IR I A I X
¥
83315 pIwie|oey sa)g usuedly $31G oleapy 821G 0NIY

(luo2) ‘g 318VL



ZLi0 L

‘POUIqUICD 818 P 1082.0IUHINCd PUB 1363UR I 1|6q UC PESEq SSOUYDII SBI0UY GEE |

poulquiod viep 10d UONKANPOId PUR 100SUR A 1|OQ UO POSEY SSOUYDN) $01000S K61 PU £661L

SIX'€318VL  L6/0E/V

X X X XX |X|x]|X XIXIXIX X IXIX X {X{X]|X]|X]|A 1317V QIR R TSI9N Y 3|IX9) wnyly

3v3oVI

X|X|X A LW 7 douiw euw

IVIOVNNIT

X | X X|X|X 1 A Ivdis 3 siysnjed sAyoeig

WA A 1480S 193104 UG BLE|IAINDG

X[|IX|X X{X|X ' A LNAYd *q sueBinA ejeuniy

XXX X{X|X X N LYO3N 7 suBIeO BYIRdON

X|XIX X{X|X A 190N *] ©SO|NIGH BPIBUON

XIXiX|IX]|X XX |X A LYVIN 7 SISURAIE BLIUDN

XX X Al twvan uolieg X2 ‘YN wnueouawe sndodA

X X XA LIH3H Ysing wnpldsiy ewoopay

3VIOVIWVI

X XXX X | X A LoLne 'A0D 1A2110) snounp

X A LONNI ‘7 snsopou snounp

X X A LNIOE *BoIpp 0091U1 SNounp

X X X A [TYEL *oyoMH " 'D {"wqBu3) snuejuow ‘ieA "ISHIAA SNIjO4ISUS SnduNp

X{X[X|x X|X|X[EX X A{ tnanr ‘Baip 1A9ipnp snounp

XIX|XIXIX|X[X]|x|X A lvanr P sNORIEq snounp

IVIOVONNT

X A LOWIS QUIND WNUBIUOW WNIYIULASIS

3v30vaiY!

X|X|X X X|XIXtX{xX]|X XIX]A | 3HHd "ysing ejAydosaiay eeoeyy

3V30VI1TAHJOUAAR

X[x|X X A Lqod ‘|PUSAA WNIBIOPO SIQIY

3V3DVIHYINSSOYD

X|X|X XXX A 1v¥239 sower WwNsoydsoes WNILeIsn

XXX |xXX X{X X|X N 11043 191,71 (") wnueInod wnipol3

IVIOVINVHEIO

XX X|X|X]|Xx X|IXIX]|X|X]|XtX X[IX|XIX|XixX]|X|x]|Xx X1A LWYIA ‘PIM X3 "IYNIA sUBdLIWE BIJIA

X X iyl *ds wnijoju}

X|X|X]|X|X|X{X]|X]|X A {HYHL *s|9N ediestealp “ieA eyojiquioyl sisdOwIay)

X X X|IX[|X1x XIX|XIXIX[X|XEX|X[XIX|X|IXEXIX|xX]IXxX[x|[x|[x]|[X]|[X]A 131Sd ‘Y&ingd i0)jInuUL) 83|80y

X X XX XX |XIX|XIX]|X]|[X]|X]A] tvIXo *ysing maque| s1donAxQ

XIXIXIXIX|X]|X N| vsaw ] eAnes oBeoipayy

X{x|Ixfx|x X|xx|x]|x X[Ix|x N| tnm3w *7 suyndnj oBestpapy

S6|v6|E6|S6 |v6 |E6 |S6 |6 [ €6 §S6 |v6 | €6 |S6 |v6 |€6 |S6 1v6 (€6 ]S6 |v6 |€6 |S6 |ve |e6 |s6|ve |e6]se|ve |c6 |se |ve g6 |se |ve e 302 JWVN JIHILN3IDS

6l6|c|8|sfsLlcjLo|ojos|s]|s|ejele]r|r{v]rvivivIc]|ec|zyec|eleciofjoloft ]} -oads
ojojojojojojojojogtjtitjojojojojofjofJit|rt|L]o|jojo]o|o]jofjtfjt]Lt]joj{o]|o]jo]ojolA
Hjdjyluju|ujy|y|yjujujujue|y|ujyiulyjue|lujuly|ylulyju|ujululujulu|lalu|lulu]
L 0 O N P N N I I N O N O N N A O I N N N I N O O R O 6 O R I N AR I N O RN R N N
\4
N
$3IS pawiLoay ©a)g ususdiy SNS oIS S3INS oMY

(luod) ‘g I18VL




ZLiog

‘POUIGUWOT M@ P 1d02I0IUIUICd PUR 190SUR N 1j0q UO POSU] SSBUYDH GB6L  POUIqWOd BIEP 10jd UCHONPOId pUR 120SUR N 10q UO PESEq $8BUYI 30iI00ds PEGL PUS EGGL
SIX'€3718V)L  L6/OE/Y
X XEX|X|IX]X XIXIXIX|XIXIX|X|[X|X]|X]|X]A L 3ONY UBWIIA 1pIeIsb uoBodolpuy
XIX XX IX|X]|X]|X{X N | uisov "7 wiojiuojols si3s0JBYy
X X XXX XXX XXX XXX XXX XXX XX ]|X]X X XIxXix]|Xx A} WSOV *qpAY Iypws uvoiAdolby
X[IX|XEX|XIX]|X]X]|X . N 13YOV ‘Aneag (*7) susde) uoiAdoiBy
XIXIX|X|XIX]IX|X|[X]X X X X ! XX N LNIOV ‘Aneog (180H) wnipawisul uoiAdosBy
XIXIX|IX|[X|X]IX]|X]|X X X | N | 1400V *un9eg () wnieisud uoiAdoiby
XX Al VOOV *aneag {*7) wnuues uosAdosBy
3v3aovod
X X X X | X A \¥dd ‘boep esjuobered obejuely
X X N| VAN 7 Jolew oBeiuely
X X{X|X X|X N LY1d *] 818]090Ue| OBBIURlY
IDVNIDVLINY
X XXX N Laxo “boef Nua|p sI1EX0
IVIDVAIYXO
XX X|x X X |x X | X X | x A | lvddo "MNN e1e|noIose; 9YouUeqoI0
3V3DVHINVYBOHO
X LN30 “ds 8JOOUSQ
X|X X A ] 10230 ‘9 g '] 81jo)idou0I0D BISYIOUDO
X|X X | X A 14830 Aeioy ediedsAydeiq g1ayious)
X[x|xIx|x]xx]|x|x A 11830  siuudlq BIayI0UIQ
X{X|X XX A LVdvO ‘1BnoQ eiojjaled eineq
XX XIX|XIXIX|X|X]X]|X]}X XIX{IX]|X|IX|X]|X]A]| 100vD *Ysing BaUID0D RINBD
X tid3 *ds wniqopdy
XX XXX X X A L¥dd3 ‘HAN whenoued wniqojdy
X|X[|X}|X XX |X]|X A 11043 *jey wnieii2 wniqojidy
X{X|X XIXI|IXI1A Z38VYD udaey ("1INN) snienies snydojAle)
3V3OVYOVYNO
X X X[XIX]|XIX]XIX]XEX | XXX X¥X|X|x|X]|*xX]|A LW 1Rwnel (*ysing) sueauy sipqe Ny
3Y3OVNIOVLIDAN
X X X XIXIXIX[X|X{X|{X]|X X XiX A} 102dS 'qpAY (Ysing) eau1oo09 esojeiseydg
IV3OVAIYIN
X|X X{1X|X X|IX|X]IX|X]|X X|X|X A 13411 YBUAA 1B 18T {"YSINg) HSIMI| ‘JeA ] duudiad wnury
3IY3OVYNIT
X} X X XX X|X X|X XA | ZoWAN LINN WNUBIUOW WNUL202NT
X X X X{x X X Al tnovd *SIEAA S HUOSIUUNG snlioydole)
X|X|X N 1JOsY 7 sijeulaijjo snbeiedsy
S6|V6|E6|S6|v6 [€6 |S6|v6 €6 ]S6 |6 |£6 {56 |v6 |€6 |S6 |vE |€6]S6 |v6 |€6 |S6 Y6 |E6 |S6 |ve |E6]s6 |v6|e6|S6 |ve |€6 |s6[v6 |€6 3002 IJWVYN JIILNIIDS
efjelefsia|sjLle|cejolo|lojs|s|sieijecjegr|t]rivivivicizieec]ziec]o|o]lojtr|Lt]|t]3]| -oads
ojojo]jojo|jojojojogt]|trtjLtjojojojo]jojofjtrtjt]|t]ojojo]ojojojt|t|Lt]o]|o]jojojo]jojAn
Hidjyu |y |djyjy|ypulyjyjyjujyju|d|ujyjujujy({y|ujujuiypy|/y|yjujyujyjujulufl
Ljafrjrjijrjijajrpgrjiyrjrjejrjrjijegijrjaajrjeqafajigpajajarjajrjajaldrgs
X
$3)1§ pawieay s21ig ususdiy $3)G O1SAN 62115 MY

(3uo0d) “g I8Vl




ZLio8

‘POUIqWOT @iep 1d6210lUIUIOY PUL 120SURS 18] UO POSEq SSOUYDIL $0190dS GEEL

POUIGUWIOD @1ep 10d UONINPOId PUB 1DOSUR M 1{Oq UO PBSEq $SBUYDN SB10edS PEEL PUP £661

SIX'€318YL  L6/0E/Y

X N ¢vdis 1211 {("1IINN) smigjnojued snpieUUOpPIYIS

X X X1X X 10d *ds se90e04

X|X|X]|x|X XIXIXEX X [XIX[XIXIX X XEX X XXX XPXXIXEX XXX XX X|X[X]N 14dod " sisuatesd eog

X N LvVdOd 9 sisnjed sog

X XX X{X|XEx|x[x]x][x]|x]x' u.A XIX X XXX XEX{X XX IXIX X |X]|X]|N]| 1000d "7 eesaidwod eod

! XX A} 1¥20d 19dyg ("uquag) 1Aqued eogd

XIX|XEX|X]|X N LYdHd 7 9sudtesd wnojuy

X|X|X X A LIAYY ' wnieBia wnouey

X A LVYOvd 9 e18]|Ides wnoluey

X XIX|X}X X X A | LYMNW Assep myBum eiBraquelyniy

XA LOoLNW ysng X2 "oysliy {{iuny) 1As10) gIBioquojyny

X A | LVHAW 'd 'S 'g 'xyoipy} esowaoes eiBiaquajyniy

X X{X XXX X[X|X]A]tOWNW *2Y2UH {"1INN) suelUOW eIBIIGUIYNA

X Al nanw "apAY ["qiny L) siuojly e1BIsquIyniy

X X A [3:Tex 3] ‘MG (') s9plozAI0 e15199

XIX|X]|X XX XEXEX XXX IX XX XEX X XXX X PX [ XX ]A] LAJOY "Aneag {"weT) eiepiwesAd gnaje0y

X|X|X]|X X X X X A LNrOH 1 wmeqnl wnapioy

X X A t1S19 YN {"wWeT) e1euls BUIDAID

X X A T30 AeID ‘Y X9 ‘S18AA 'S SIpuelB BLSDAID

X{X|X]|X|X]|X A 14d33 *epnH sisuayeid eonysay

X A 12034 ‘HEM ©10]j0320 8oN}S94

XX |IX]IX[|X]|XIX]|XiX A tvo13 "] SISUSPEUEBD SNWA|T

X X N L4223 ‘aneag (1) 11jeBsnid eojyoouyd3

XX |X]|X|X]|X N | \iova ‘7 ejesowo|B siiA1oeQq

X X XIx|x XIX|IXIX|X|XEIX[X|X]X[|X]|X]X]|X Al Ivang ‘wiabu3 {"lnN) seplojAzoep voyong

X X XX XIX XXX X]|X]X XIx|Xx X|IX|X]|X|{X]|X]IN 13148 7 WN10jo9} snwoig

X|X|X|X]|X XX XIX[XIX|XIXEX X [XEX X XIX X[ XXX PXPX XXX XXX PX|X|N Lvryg ‘un X2 "quny) snojucdel snwoig

XIXIXIX X XXX IXIX I | XX |[X]|x]|X X XXX N tNIYE *$5A97 sluneul snwoig

X [4alel:] *ds eno|ainog

X X XIX (XX XXX X]XIX XX X|[X|X]X]|X{X]A 11HO8 817 einsuy encjeinog

X|X|X X X|IXEX[XIX XX |XPXXPXIX XX ¥ [X¥X|[X]|x{x]|x]|]A]| (4008 SYMHUD X9 BeY {*) *Q "H} syoeld enojainog

XIX|IX{X|X|XIX|XIXIX[XIX|XIXPXIX|X]|X}PA] tnO08 *10) "Xy} eNpudinng enojinog

X X X Liyy *ds episiy

X|X|X|X]|X|X X X1X XEIX|IXIX|XIX XXX XYPX X[ XIX|[X[X]X|X|X]A]| tOWY UIBWIOH 1§ UAIBWIOH (|13} 818nGes “ieA “LINN edandind episiy

X X XIX|IXIX]X|XEXIXPXIX|X|X]|X[X]|X X A 13d4v Adsep {*pnaig) e1asiBuo) "1eA "UNN eaindind epusiy

XXX XIX[XIXIX|X|X|IXPXEXIX|X]A] LOSNY *xyay snuedoas uoBodoipuy

G6|V6|E£6]S6 |v6 |€6 |S6|v6 |E6]S6 |6 |£6 |56 |v6 | €6 |56 |v6 (€656 |v6 |€6§S6 |v6 |E6|S6 |6 |E6|s6 |v6 |€6 |s6 |ve |e6is6 |ve |€6 3002 3WVYN DIILNEIDS

ele|e]8|8|8jL|LjLjo|o]ols]|s|sie|ejeqr|tLt]|tiv|v]vt1ziz|zzie]ec]ojofjoqt]tv]t]3] -oads
o|jojojojojojojo]ogt|t{t]ojojojojojo]jtr|tLt]|s]ofjolo]ojojofjt]r]|i]o]o]jo]o]ofjo]A
AR ER- AR AR ERER IR ER AR AR AR AR AR AR R B AR AR AR AR ER AR R AR B AR AR AR AR B B AR AR AR AR A I
1lijrpijijrjef{rjrgrjrjajrjrjrjrjyjigrjijajajrjrrjajagqejejerjejagqrjr|erpse
N
SIS pawiT|oay sa)§ usuediy €S oIsIY S3NS SMIX

(w02} ‘g 378Vl




ZlLo0lL

pouiquod @1ep 1d02101UILIOd PUT 190SURSL 1OG UO POSeQ SSOULIDI 80100 GEE 1

PoOUIGUIOD MEP 10jd UONONPOId PUR 100SUR S 1{0q UO PESEq SSOUYDII $120dS GG | PUR £661

SIX'€39VL  L6/0E/Y

3V3IDVYININNNYY

X A LIOA ™ 918110 BIYOGWISAT

XX A | 1OONY ‘Yeing SI|BJUIPII00 20BSOIPUY

IVIOVINWIYJ

L X X XIXIX]|A LvdYL 1NN wWniojialed wnulje )

1 IVIIVIVINLYOD

X ' tWNY *ds xowny

X X N 180Ny *q sNYoJIsNIqo Xowny

XX XX XX A | 13wny “USIo SNUBSIXeW Xewny

XX [XPX X |X]|x]|X]|X N 140Ny ] sndsud xowny

X 110d *ds wnuoBAjog

X X X X|X X X A LYSOd Jlews esuIydleaes wWnuoBAjoy

X|IX{X[X]|X N 1¥10d 9 wniojiyiede| wnuoBAjog

X X X X N | 2020d *q SNINA|OAUOD wnuoBAjog

X X X N | 1AVOd ] ssenoine wnuoBAjog

X XA 27443 “WNN wnAe|j wnuobouy

X X XAX XX XXX XXX |XIX]|A 1ivy3 ‘)04 wnigje wnuoBouy

3V3OVNODATQd

X | X A LYOIN UIIY ("HOOH) SH1oLIB SLINSCIMA

X[IX[|X]A 1dSdl wein A {*unN) eleolds sisdowod|

XX X X A 11102 "NNN SHEdUI| e1Wojj0)

3IVY30VINOW310d

X X N L3vyl ‘7 WNANRS9e WNan|

X X XIX|XXEX|[X|[X]|X]|X][x{xX]|x]|X X|X]|A LIALS ‘i) e|npuA edng

X A LOY4S ‘uquag {Aesep) eisnqos edng

X|X A L3NLS ‘ugquag {*AsseA X9 'Inyl) euedixswosu eding

X X LLs ds sdng

X X X XEX XX XIX X X |X|XEX[XIXIXIX|[X]|X]|[X]|X}]A]| too1ls *1dny g ‘uny elewod edng

X|x|x A 13ddS Uiy BIBUNROd Bunleds

X | X A | t8ods “uquag {"xYoI) eresmqo sijoydousydg

X 10dS *ds snjoqoiodg

X | X% X X |X A L3HdS Aeip 'y {AeiD "y) sid9joliaiey snjoqoiodg

XX X X|X A LY2dS ARi9 'y {*110)) snipueidAid snjoqolodg

X A LSVYdS quny {*xyai) sedse snjoqolodg

X|X|X XX |X}A tNNOS ysen (*7) sueinu wnnseydiog

X X X[x X XEXIx|xEx|x|xix|x[xIx[x[x]A LAHIS ‘wg {UNN) XMisAy uowslg

jse|ve|E6|S6 |v6 |€6 |56 |6 |€6 |56 |v6 |€6 |S6 |v6 |€6 |S6 |v6 |€6 §S6 |v6 |£6 |56 |v6 | €6 js6 |ve |ee fs6 |ve |6 |as |ve|c6|se [ve|€e 3402 3WVN JIE1LN3IDS

6letefs|slsle|c]|Ljo]ojolsis|as]lelejer |t t]vIv|vicicicheclcicolololv it -oads
ojojojojojojojojogit|L]|tjojofojojojoftit]|t]ojojojoflojoft]tirtlolojofofojol]an
Hjy|gjujy(yjd|yjufd|y|ujuluyjulyjejyju|u|y|yje|/uju|s|lufu|u]jufe]ufjujululu]
EU 0 R N N U N N N O N0 N S N N 0 S I N N N N O O 1 N I IR I O U IV P O I I RN R O R RS I
N
§2311S paunejoay S3)IS Usuudiy sajls oISy S3aUg ouIY

(uod) ‘g 318Vl

o s A A - — (=« vy o




ZLioll

*pouIqwod viep 103U UI0d PUB 100SUR A 1|0q UC PESI] ISEUYDNI 30100dS GEEL "PEUIGWIOD R1ep o[ UCHONPOId PUR JOBSUR A 1j6K] UO POSY(] SSOUYDH SOID0S HEGL PUC £E6 L

SIX'€INWYL  L6/0E/Y

X|X|IX]X X X A VY108 "Ysing e18|0sous) vuenydoisg

X X X|X XX XiX X1X A LIA3d "UUYG BUDNA UOWIA}SURY

XX X X|X A 1383d *Yiuog SNIOJIPUNDSS UOWNSUVY

X X A INV3d "BNN sNIjojsnBue UoWRIsUIY

X ! g A 119N g9 1 'y {"Yluag) Ihuowaly tiea Y g H Bieqe|B snipwiy

X |X XXX X|X|X]IX]|X]|X X WA XX XXX XXX XX XXX X]{X[X]|N Lvan "W {*7) eonewijep eueury

! X XX A €38V ‘ysing elojji|Isses Bl9|nse)

X 1A ¢NIVD Asi9 'y eiBajul elonse)

IVIOVIHYINHIOUDS

X X|X X X XX X X XX XA} LWNOD “WNN {7} siegequin espuswo)

IVIDVIVLINYS

X A LNvYS lieg eojIInBi| "1eA "NNN B3N] XI[ES

XIX|IXIX|XIXIX|X]X A LX3VS *buos) (e9moy) touyur ‘dss "NINN enBiIXd xijeg

XIX XX |IXIXIX]|X]|X Al LWYVYS ‘sslopuy sepiojepbAwe xijeg

X[{X|X[|X[|X[XIX]|X]|X A 1300d 'qpAY SI{EIUDPIODO JEA “YSiB |\ EOPI0}|ep snindog

XX A 1OvOd ‘qpAY eisulwnoe X snjndog

3v30VIIIVS

X X A | LO08YD 1 ?Jess0q wnieo

X X X A LdVVO *q suuede wnyeo

3Y3IVISNY

X{XixIx|x X [x|x A | Lomoy *PUI] 15POOM eSOy

XX X | X XX X | X X | X XX A L¥voy 131404 euBsSUEYIE B50Y

X X XEX X X X Al Lovoy ‘JpuI] suenaIoe esoy

X|X|X XiX|X A LIAYd 7 euruIBiA sNUNIg

X X X X|X|X1A LIHOd "Wy eueiddiy eyualog

X X X X X X [x]|A]| ruo0d “MOOH X® '{0n0Q SI[Io8Ib e|IuUaI0g

XX X A 11304 *MINN essi} ej|uslog

X [ED) *ds wnsg

X|XiX|Xx X|Ix|x A | LYW3O "PUIM wnjjAydoidew wnag

X X|x|[x A 14340 9ysy epodoiyiAse snBaeies)

X A ZisovV "XYDA e3eulS _IUOWLBY

3v3aoVsSOoY

X X X X Al LWYWYY ‘g llunogews snjnounuey

X X 1130 *ds writiydjag

X X X A LIA3Q VNN susdsINA WNUIYARQ

X A tNN3IQ s19djBpp X9 *2Id wnueiellnu wnuydiaQ

S6|v6|€6|56 |v6 |E6 |S6| Y6 |E6]SE [V6 |£6 |56 |v6 |€6 |56 |ve |c6]s6|ve |e6 |s6 |v6 |ec a6 |ve|ecse [velee|s6 |ve |e6|se|ve |c6 3402 JNVN JIHIANIIDS

6|e|etslsjs|e|cejejojojofls]|s|s]elelefrjrjrr|viv]ic|zicecieizic]ololoftlv[t1a] -o3ss
o|ojo]ojojojojojogt]t|Ljo|o]jojojojofiL|L]Lt]ojojo]o]jojojt]|t]i}o]ololo]o]otin
djvjgldjy|jdjyly|djy|y|djuy|yjyjujujufulyjyjujuly|y|u]jyjujujuju|dfjulululu}f
Lipijafrjrjrjejejrprjrjrqrjrjajejrjrgejrjaqrjrjagajajegejaapraprgafairge
M
salIG pawvjoay saltg usuudiy €3S o1 S oHAX

(uod} “g 318V1

e P — s = -




ZLo 2y

PouIqIOD Mep 1dedselul- ulod puB 1903URA 1|0q UO POSR] SSOUYOL S0I204S GGE |

POUIqUIOD BIEP 10(d UYONONPOID PUT 130SUR N }{B] UG PESTQ SSOULOL) SOID0dS PEEL PUP £E61

SIX'EINGYL  LE/OE/Y

cfofpvfv]s]o|elcyole|v]o]|elefjec|v]|efojoolc]{s|stelc]|sfe|trv]|s]ls|ec[8]ofs]9 91g Aq 859UYDIY 59109dg
cje|vyviv)zyv|vieqe|rjogefsyels|ezirtyr]|oflc]|etesje]ojo|lc)sle|o]ls|elo]le]|s}t
Llegt EREEE IR L]
X X X LOIA 'ds BjotA
X X|X X X XX XX X | X A LANIA ‘Ysing njj|ennu BoIA
X | X XXX X A L3NIA Qusn eAydoiydou ejoip
X | X XX A LIAAH ‘eg {*3Q) sNIe|IoNISA sAYIuegAH
3Y30VI0IA
X[X|X XX |X A LVYH3A *q e18I5€Y BUIQID A
X|x X A LY83A ‘ipoy Ry 'Be7 v1e9108Iq BUIQIOA
XXX X A 1NoN ‘pnaRG {*110]} BllOpRUND eiddl)
IVIOVNIABYIA
XIXIXIX[X|X]IXPX]|X XX A LVIAL 1 elojne) sydA )
3VY30VHdAL
XX X A 107N0 *j8y ["Ho}} eieqo) endUIND
X X L AHd “ds syesAug
X[ X X [xTx X Al TAHd "IN °d eueIUIBIIA SljesAty
) X X X X X 1A Z3IHHd S99y e[iAydoIatey sljesAyg
3V3DYNYI0S
X X A 1303s *qpAY esuap e|lpuibejeg
3VY3IOVII3NIOVI3S
X X A 13d3A 9 su1B319d @oIUOIIA
XX XIX|X[X N LNVIA *] eonenbe-sijebeus ed0IRA
XXX X XX A | LWV3A *YIUAg X2 ‘UIMYDG ("}8Y) BUEDLIWE BIUOIDA
X|IX[|xX]x XIX|X|X XX X XXX N VH13A "] snsdeyy wNaseqiap
X XIX[XIXIX|XIXIX|XIX|X|X]|X|X|[xX]X]|X]|X XXX N 1783A "] BHELIB|Q WNISRQISA
S6|v6|E6|S6 |v6 |€6 |S6 | V6 |€E6]S6|v6 | €6 |S6 |v6 |€6 |S6 |v6 |E6|S6 |v6 |€6 |S6 |ve |€6 {S6{ve |€6 |s6 |ve |c6{s6|v6 |e6|s6ive |t 3q02 JWVYN JIIINIIOS
6l6|ejs|s|s8fjL|L|Lofo]|o]s]s|s|e|e]lefr|ti|t]r|v]|viziciclec]ec]|ec]iololoft{tit]|3| -o3ds
ojoj|ojJojojojojojogti]tjt]o|o]jojo|ojofi|Lt]t]o]ojofjo]jo]joft]t]itlo]lo]lo]Jo]olo]ln
Hldjd|ulyjujujy|yjuldjyly|g|yjuyjyfjuju|y|y|ly|ujyjulu|jufujulajujulle|lu{u]
1iafajifijajrjafaajrjrprjafajejrprpgajajrjojrjrjafafagajejapejafjafefajags
N
SIS pawnspay S35 usuudiy L SIS OLIX

(*luod) "g 37aVL




SIX'v3N8vl

L6/0E/Y

'sanjea S g j0 abeiane =urayy

as1miaylo saleolpul Buipeay uwnjod ay) asoym 1daoxe 8IS @ wWoJ} $9108dS J0 JBqUUNU {BNIDE BY) 3Je SaNjeA g

"PAUIGUIND SIS € ||B U0 PISEQ SaN|EA ALIUNWIWOY

06 | 08 | &v 6 | 6 | 8 Uesiy
le | oe | s 6 | 6 | © 6041
s6 | eg | og G 80uL
€9 | 29 | g9 6 | 6

16
G661 |v66L |c66L [S66L |v66L [€66L [S66L | ¥66L | €661 v661

€661

=

4

G661

v66

€661

S661

Y661

€661

s|elualsad # s|eluuaig # s|enuuy aANeN %

$9103dg #

saiwey ¥

G661 ® ‘Y661 ‘€661 SHVIA - SIILINNINWNOD ANV SILIS dWO3F HO4 V1va AHVININNS SSINHOIY S3103dS v 319Vl

e




SIX'v319vL  L6/0E/Y

‘san(en a1Is £ 40 abeiane = ueapy
"9SIMJBY10 S81ED1PUI BUIpRaY UWNI0D By} BJaYM 1dB0X3 BMIS B WOJ) $9198dS JO JaGLUNU [BNIOE By 2Je S3N|eA 91IS

"PAUIQUIOD SBNS € ||@ UO Paseq $anjea ALUNWWOD)

L 1 l L l L L 9 o€ 6¢C Ll uesay
0 0 0 L l L S 9 1Z 34 6 6041
l l L l 0 L L § [43 1% 6l 8041
L l L L | 8 8 8 9¢ [4> [44 L0Y1l
el e HUBWWED pawieay

Z8 89 UeaiN

V8 LL Oldl

G661 |vE6L | €661

€661

5661 |v66L [€661

V661 |£661L

SUIA

qniys

snjoen

plourwels

qQJo4

W04 YIMOID

{"02) "y 379Vl




SIX'vanavl

LB/0E/Y

*S8N(BA 3)S ¢ J0 abeiane = uBBN
*9SIMIBLI0 S31eDIpUl Buipeay UWN|OD L) 8J8ym 1d89X3 DS B WO} S919adS JO JaqUINU [en)oe 8Y] aJe sanjea alg
‘PAUIqUIOD SBYIS € ||8 UO Paseq Sanjea ANUNWWIO)

L L l l L l LE £¢ 0 0 0 8 L L 6¢ Ll uesiy
0 0 0 L l | 8¢ Gl 0 0 0 L 9 [44 [44 ol 604.L
3 l l L 0 0 6¢ 144 0 0 0 8 9 €€ £e 6l 8041l
l L l L l L 144 o€ 0 0 0 6 6 LE £¢ L0YL
. : =0 F A : g5 R4 ) PaLUieIdaY
l € EL Uean
L Sl Oldl
0 L9 S04l

L £8

|

2z

£0l 00l LL

£¢

6

%4

N[ —|M|N

ANje— NN

[44

. Bi

89

3 3 l 14 14 £ 98 Bl

0 0 0 14 € [4 18 6l 29

L l L 4 14 € €6 6l €L

L L L § 14 € 0c¢ 89 LOY.L

5661

v661 |£661

G661

G661 |v66L [£66L

o Iy

S 33 Q!

HOIWRY::0UAX

G661 |¥66L €661 | 5661

661 |£661

G661 | v66L €661

JesA\aus sjdweg

ApPOOAN

U3NJoNg

SN0goeqioH

sa1Aydopualg

S1000UON

510210

w104

adA)

{'3u03)

v 318Vl




TABLE 5. PLANT SPECIES RESTRICTED TO SPECIFIC COMMUNITIES FROM 1993-1995 ECMP SITE DATA

SPECIES

COMMUNITY SCIENTIFIC NAME CODE NATIVE
MESIC GRASSLAND COMMUNITY (16 species) 88%
APIACEAE Musineon divaricatum (Pursh.} Nutt. ex T. & G. MuUDIN Y
ASTERACEAE Crepis occidentalis Nutt. CROC1 Y
ASTERACEAE Picradeniopsis oppositifolia (Nutt.) Rydb. PIOP1 Y
ASTERACEAE Taraxacum laevigatum (Willd.) DC. TALA1 N
BRASSICACEAE Arabis fendleri {S. Wats.) Greene ARFE3 Y
BRASSICACEAE Erysimum repandum L. ERRE1 N
CACTACEAE Opuntia polyacantha Haw. OPPO1 Y
CAMPANULACEAE Triodanis leptocarpa (Nutt.) Nieuw. TRLE1 Y
CYPERACEAE Carex interior Bailey CAIN1 Y
EUPHORBIACEAE Euphorbia dentata Michx. EUDE1 Y
EUPHORBIACEAE Euphorbia marginata Pursh. EUMA1 Y
EUPHORBIACEAE Euphorbia spathulata Lam. EUSP1 Y
LAMIACEAE Scutellaria brittonii Porter SCBR1 Y
POACEAE Festuca octoflora Walt. FEOC1 Y
POLEMONIACEAE Collomia linearis Nutt. . COLN Y
POLEMONIACEAE Microsteris gracilis {Hook.) Greene MIGR1 Y
RECLAIMED GRASSLAND COMMUNITY (4 species) 50%
ASTERACEAE Senecio tridenticulatus Rydb. SETR1 Y
CARYOPHYLLACEAE Vaccaria pyramidata Medic. VAPY1 N
FABACEAE Astragalus parryi Gray ASPA1 Y
FABACEAE Medicago sativa L. MESA1 N
RIPARIAN COMMUNITY (113 species) 82%
ANACARDIACEAE Toxicodendron rydbergii (Small ex Rydberg) Greene TORY1 Y
APIACEAE Cicuta maculata L. CiMA1 Y
APIACEAE Conium maculatum L. COMA1 N
APIACEAE Heracleum sphondylium L. HESP1 Y
APOCYNACEAE Apocynum cannabinum L. APCA1 Y
ASCLEPIADACEAE Asclepias incarnata L. ASIN1 Y
ASTERACEAE Arctium minus Bernh. ARMI1 Y
ASTERACEAE Aster hesperius A. Gray ASHE1 Y
ASTERACEAE Aster laevis L. ASLA1 Y
ASTERACEAE Aster occidentalis (Nutt.) T. & G. ASOC1 Y
ASTERACEAE Bidens frondosa L. BIFR1 Y
ASTERACEAE Cirsium vulgare (Savi) Ten. Clvu1 N
ASTERACEAE Conyza canadensis (L.) Crong. COCA1 Y
ASTERACEAE Iva axillaris Pursh. IVAX1 Y
ASTERACEAE Lactuca oblongifolia Nutt. LAOB1 Y
ASTERACEAE Solidago gigantea Ait. SOGI1 Y
ASTERACEAE Sonchus arvensis L. ssp. uglinosus (Bieb.) Nyman SOAR2 N
ASTERACEAE Sonchus asper (L.) Hill SOAS1 N
ASTERACEAE Stephanomeria pauciflora (Torr.} A. Nels. STPA1 Y
ASTERACEAE Xanthium strumarium L. XAST1 Y
BORAGINACEAE Cynoglossum officinale L. CYOF1 N
BRASSICACEAE Cardaria chalepensis (L.) Hand-Mazz CACH1 N
BRASSICACEAE Nasturtium officinale R. Br. NAOF1 N
BRASSICACEAE Physaria vitulifera Rydb. PHVI1 Y
CAMPANULACEAE Campanula rotundifolia L. CARO1 Y
CAMPANULACEAE Lobelia siphilitica L. Losn Y
CAPRIFOLIACEAE Symphoricarpos occidentalis Hook. SYOC1 Y
CARYOPHYLLACEAE Cerastium arvense L. CEAR1 Y
CONVOLVULACEAE Calystegia sepium (L.) R. Br. ssp. angulata Brummitt CASE1 Y
CYPERACEAE Carex brevior {Dew.) Mack. ex Lunell. CABR1 Y
CYPERACEAE Carex lanuginosa Michx. CALA1 Y
CYPERACEAE Carex nebraskensis Dew. CANE1 Y
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TABLE 5. (cont.)
SPECIES
COMMUNITY SCIENTIFIC NAME CODE NATIVE
CYPERACEAE Carex praegracilis W. Boott. CAPR1 Y
CYPERACEAE Carex rostrata Stokes ex Willd. CARO2 Y
CYPERACEAE Carex simulata Mack. CASI Y
CYPERACEAE Carex stipata Muhl. CAST1 Y
CYPERACEAE Eleocharis acicularis (L.) R. & S. ELACI Y
CYPERACEAE Eleocharis macrostachya Britt. ELMA1 Y
CYPERACEAE Eleocharis parvula Link ex Boff. & Ringerbr. ELPA1 Y
CYPERACEAE Scirpus americana Pers. SCAM1 Y
CYPERACEAE Scirpus pallidus (Britt.) Fern SCPA1 Y
CYPERACEAE Scirpus validus Vahl. SCVA1 Y
EQUISETACEAE Equisetum arvense L. EQARI1 Y
EQUISETACEAE Equisetum hyemale L. EQHY1 Y
EQUISETACEAE Equisetum laevigatum A. Br. EQLA1 Y
EUPHORBIACEAE Euphorbia serpyllifolia Pers. EUSE1 Y
FABACEAE Amorpha fruticosa L. AMFR1 Y
FABACEAE Glycyrrhiza lepidota Pursh. GLLE1 Y
FABACEAE Lupinus argenteus Pursh. LUAR1 Y
FABACEAE Thermopsis rhombifolia var. divaricarpa (Nels.) Isely __THRH1 Y
GERANIACEAE Geranium caespitosum James ssp. caespitosum James GECA1 Y
GROSSULARIACEAE Ribes odoratum Wendl. RIOD1 Y
IRIDACEAE Sisyrinchium montanum Greene SIMO1 Y
JUNCACEAE Juncus balticus Willd. JUBA1 Y
JUNCACEAE Juncus ensifolius Wikst. var. montanus (Englm.) C. L. Hitchec. JUEN1 Y
JUNCACEAE Juncus interior Wieg. JUIN1 Y
JUNCACEAE Juncus nodosus L. . JUNO1 Y
LAMIACEAE Lycopus americanus Muhl. ex Barton LYAM1 Y
LAMIACEAE Mentha arvensis L. MEAR1 Y
LAMIACEAE Monarda fistulosa L. MOFi1 Y
LAMIACEAE Prunella vulgaris L. PRVU1 Y
LEMNACEAE Lemna minor L. LEMIT Y
LILIACEAE Asparagus officinalis L. ASOF1 N
ONAGRACEAE Epilobium ciliatum Raf. EPCI1 Y
ONAGRACEAE Gaura parviflora Dougl. GAPA1 Y
ONAGRACEAE Oenothera biennis L. OEBI Y
OXALIDACEAE Oxalis dillenii Jacq. 0oXDblI1 N
POACEAE Agropyron caninum {L.) Beauv. ssp. majus (Vasey) C. L. Hitche. AGCA1 Y
POACEAE Agropyron repens (L.} Beauv. AGRE1 N
POACEAE Agrostis stolonifera L. AGST1 N
POACEAE Dactylis glomerata L. DAGL1 N
POACEAE Echinochloa crusgallii (L.) Beauv. ECCR1 N
POACEAE Elymus canadensis L. ELCA1 Y
POACEAE Festuca pratensis Huds. FEPR1 Y
POACEAE Glyceria grandis S. Wats. ex A. Gray GLGR1 Y
POACEAE Glyceria striata (Lam.) Hitchc. GLST1 Y
POACEAE Leersia oryzoides (L.) Sw. LEOR1 Y
POACEAE Mubhlenbergia filiformis (Thurb.} Rydb. MUF11 Y
POACEAE Mubhlenbergia racemosa (Michx.) B. S. P. MURA1 Y
POACEAE Panicum capillare L. PACA1 Y
POACEAE Panicum virgatum L. PAVI1 Y
POACEAE Phleum pratense L. PHPR1 N
POACEAE Poa palustris L. POPA1 N
POACEAE Schedonnardus paniculatus (Nutt.) Trel. SCPA2 N
POACEAE Spartina pectinata Link SPPE1 Y
POACEAE Sphenopholis obtusata (Michx.) Scribn. SPOB!1 Y
POACEAE Sporobolus asper (Michx.} Kunth SPAS1 Y
POACEAE Stipa robusta (Vasey) Scribn. STRO1 Y
POLYGONACEAE Polygonum lapathifolium L. POLA1 N
POLYGONACEAE Rumex crispus L. RUCR1 N
POLYGONACEAE Rumex mexicanus Meisn. RUME1 Y
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TABLE 5. {(cont.)

SPECIES

COMMUNITY SCIENTIFIC NAME CODE NATIVE
POLYGONACEAE Rumex obtusifolius L. RUOB1 N
PRIMULACEAE Lysimachia ciliata L. Lyci Y
RANUNCULACEAE Delphinium nuttalianum Pritz. ex Walpers DENU1 Y
RANUNCULACEAE Ranunculus macounii Britt. RAMA1 Y
ROSACEAE Agrimonia striata Michx. AGST2 Y
ROSACEAE Crataegus erythropoda Ashe CRER1 Y
ROSACEAE Geum macrophyllum Willd. GEMA1 Y
ROSACEAE Prunus virginiana L. PRVI1 Y
ROSACEAE Rosa woodsii Lindl. ROWO1 Y
RUBIACEAE Galium aparine L. GAAPI] Y
RUBIACEAE Galium boreale L. GABO1 Y
SALICACEAE Populus deltoides Marsh. var occidentalis Rydb. PODE1 Y
SALICACEAE Populus x acuminata Rydb. POAC1 Y
SALICACEAE Salix amygdaloides Anderss. SAAM1 Y
SALICACEAE Salix exigua Nutt. ssp. interior (Rowlee) Cronq. SAEX1 Y
SALICACEAE Salix lutea Nutt. ) SALU1 Y
SCROPHULARIACEAE Castilleja sessiliflora Pursh. CASE3 Y
SCROPHULARIACEAE Mimulus glabratus H. B. K. var. fremontii (Benth.} A. L. Grant MIGL1 Y
SCROPHULARIACEAE Scrophularia lanceolata Pursh. TsclAz Y
SCROPHULARIACEAE Veronica americana (Raf.) Schwein. ex Benth. VEAM1 Y
SCROPHULARIACEAE Veronica anagallis-aquatica L. VEAN1 N
SELAGINELLACEAE Selaginella densa Rydb. SEDE1 Y
VERBENACEAE Verbena hastata L. VEHA1 Y
XERIC MIXED GRASSLAND COMMUNITY (23 species) 91%
ASTERACEAE Antennaria microphylia Rydb. ANMIT Y
ASTERACEAE Chrysanthemum leucanthemum L. CHLE1 N
ASTERACEAE Gaillardia aristata Pursh. GAARI1 Y
ASTERACEAE Helianthus rigidus (Cass.) Desf. ssp. subrhomboideus (Rydb.) Heiser HER! Y
ASTERACEAE Solidago nemoralis Ait. SONE1 Y
ASTERACEAE Townsendia grandiflora (Nutt.) TOGR1 Y
ASTERACEAE Townsendia hookeri Beaman TOHO1 Y
BRASSICACEAE Arabis hirsuta (L.) Scop. var. pynocarpa (Hopkins) Rollins ARHI1 Y
CARYOPHYLLACEAE Arenaria fendleri A. Gray ARFE2 Y
CARYOPHYLLACEAE Stellaria longifolia Muhl. ex Willd. STLO1 Y
CHENOPODIACEAE Chenopodium album L. CHAL1 N
CRASSULACEAE Sedum lanceolatum Torr. SELA1 Y
CYPERACEAE Carex filifolia Nutt. CAFI Y
FABACEAE Astragalus missouriensis Nutt. ASMI1 Y
ONAGRACEAE Calylophus serrulatus (Nutt.) Raven CASE2 Y
POACEAE Muhlenbergia torreyi (Kunth) Hitchc. ex Bush MUTO1 Y
POACEAE Poa canbyi (Scribn.) Piper POCA1 Y
POACEAE Sorghastrum nutans (L.} Nash SONU1 Y
POACEAE Stipa neomexicana (Thur.) Scribn. STNE1 Y
POLEMONIACEAE Ipomopsis spicata {Nutt.) V. Grant IPSP1 Y
PORTULACACEAE Talinum parviflorum Nutt. TAPA1 Y
PRIMULACEAE Androsace occidentalis Pursh. ANOC1 Y
ROSACEAE Potentilla fissa Nutt. POFI1 Y

Note: Those species identified only to genus or family which only occurred in one community were not included in this list.
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4/30/97

TABLE 8. TOTAL FOLIAR, SHRUB, AND TREE COVER MEANS
AT ECMP COMMUNITIES (1993-1995)

Cover Type Community 1993 1994 1995 93-95 Mean
Foliar Xeric 76 87 88.7 83.9
Foliar Mesic 75 91 97 87.7
Foliar Riparian 61 66 77 68.0
Foliar Reclaimed 61 80 86 75.7
Shrub Xeric NA 1 1 1.0
Shrub Mesic NA 1 2 1.5
Shrub Riparian NA 40 39 39.6
Shrub Reclaimed NA 0 0 0.0
Tree Xeric NA 0 0 0.0
Tree Mesic NA 0 0 0.0

Tree Riparian NA 19 19 19.0
Tree Reclaimed NA 0 0 0.0 _.

NA = not available
Community means based onn=15
Values are percentages.
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TABLE 15. PERCENT NATIVE RELATIVE FOLIAR
COVER AT ECMP SITES AND COMMUNITIES FROM 1993-1995

Percent Native Relative Foliar Cover
93

ean

TRO7 : i ;
TRO8 9.0 1.1
TRO9 2.7 0.0

Site values n=5
Community values n=15
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TABLE 16. CURRENT YEAR PRODUCTION BIOMASS
AMOUNTS AT ECMP COMMUNITIES (1993-1994)

Community Biomass Type 1993 1994 93-94 Mean
Xeric Current Year Production (g/m?) 124.2 128.6 126.4
Xeric Litter (g/m?) 115.8 262.9 189.4
Mesic Current Year Production (g/mz) 117.4 120.1 118.8
Mesic Litter (g/m?) 157.1 225.0 191.1
Reclaimed Current Year Production (g/mz) 113.6 145.8 129.7
Reclaimed Litter (g/m?) 150.5 227.5 189.0

Community values based on an n=25
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TABLE 19. SUCCESSIONAL STAGES ON THE EASTERN PLAINS OF COLORADO

Judd (1974)

Shantz (1917)

Costello {1944)

Annual weed stage

(1-5 years)

Mixed annual-perennial stage (3-
7 years)

Perennial stage (5-12 years)

Perennial climax grasses (10-50

years)

Early weed stage (1-3 years)

Late weed stage {2-5 years)

Short-lived grass stage (4-8
years)

Perennial stage (7-14 years)

Early short-grass stage (13-25
years}
Late short-grass stage (20-50

years)

Initial stage (2-5 years)

Forb stage (3-6 years)

Short-lived perennial stage (4-10
years)

Aristida stage (10-20 years)
{20-50

Climax mixed prairie

years)
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Appendix A ‘

Vegetation Map:
Background and Habitat
Codes




VEGETATION MAP BACKGROUND
|

During the winter of 1996, work was begun on updating the Site vegetation types map
(Figure 2 in the main body of the report) to make it more useful. The most important rea-
son for the update was that maps produced previously either were no longer current or
were not accurate enough for managing Site ecological resources.

= An early vegetation map produced by Clark (1980) showed the vege-
tation as of 1974. Although it provides a good historical perspective
on Site vegetation, the map no longer accurately represents the Site
vegetation because of changes over the past two decades resulting
from disturbances, stream channel and flow alterations, and the elimi-
nation of grazing.

m In 1991, as part of the baseline ecological characterization at the Site
(DOE 1992), an updated vegetation map was produced. It more accu-
rately represented the vegetation at the Site, but numerous errors were
present as a result of incomplete ground truthing and the lack of an
accurate base map.

m In 1994-95, an attempt was made to use multi-spectral imagery to
produce a vegetation map of the Site. Unfortunately, the map was not
as accurate as previous maps and was of little value for ecological
work at the Site.

As a result, the Ecology group, working in coordination with the Site GIS group, began
work on creating an updated vegetation map.

METHODS

A classification system (Appendix B) was developed based on the classification units
delineated on the older maps, interpretation of new vegetation monitoring information,
and the classifications (habitat-type categories) used for much of the other ecological
monitoring at the Site. A general wildlife habitat-type classification system was selected,
because it had been used on past maps and in past databases. Also, the lack of detailed
plant association data for the Site made a plant association map impractical, given the
time limitations for producing it.

Mapping was done primarily on the ground. The entire Site was traversed on foot, field
checked, and mapped in the field, by drawing map units on acetate-covered aerial photo-
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graphs (color, infra-red, and black and white) or blank maps of the Site. The minimum
size of mapping units varied depending on community type. Greater mapping detail was
achieved along riparian corridors than was possible in the grasslands. In the grassland
units, minimum mapping unit sizes were generally larger than those found in riparian
areas, because of the difficulty in determining actual position on the ground and problems
associated with seeing small community transitions on the aerial photos. In the riparian
woodlands, shrublands, and some wetland areas, where structural differences in vegeta-
tion were more easily visible in the photographs, more detailed mapping of smaller unit
sizes was possible. Aerial photographs used in the field were at a scale of 1:4,000. Data
delineated in the field were then transferred to acetate overlays on large, rectified black-
and-white orthophotos (1:6,000), which were available in digital format in the Site geo-
graphic information system (GIS). The delineated map units drawn on the acetate over
the larger photographs were digitized into the Site GIS, and digitized results were
proofed, cleaned up, and labeled with the classification units. Draft maps were produced
and checked for accuracy before the final vegetation map was produced.

VEGETATION MAP RESULTS AND DISCUSSION

The final updated 1996 vegetation types map is shown in Figure 2 (larger maps are avail-
able from the Site GIS group). The total area covered by each classification type on the
map was calculated from the GIS (see report, Table 18). The grassland communities
accounted for nearly 77 percent of the vegetation cover. Wetland areas provided
approximately 6 percent, and woodlands/shrublands approximately 3 percent, of the
cover. Other classifications, including disturbed and developed areas, open water, mud-
flats, riprap, and rock piles, accounted for about 14 percent. The disturbed and developed
areas included the Industrial Area (which was blocked out as a whole), mining opera-
tions, landfills, and the Site road system.

The new Site vegetation map provides important information for addressing ecological
resource management and environmental cleanup at the Site. Potential uses for the map
include, but are not limited to, the following:

m Land use planning

m National Environmental Protection Act (NEPA) compliance
m  Natural Resource Damage Assessment (NRDA)

m  Resource Conservation and Recovery Act (RCRA) issues

m  Comprehensive Environmental Response, Compensation, and Liability
Act (CERCLA) compliance

m  Natural resource trustee and other cleanup issues
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Wildlife management concerns (including the Preble’s meadow
jumping mouse)

m  Tracking changes in plant communities

m [dentifying and protecting sensitive wildlife habitats and rare plant
communities

m  Tracking weed control and controlled burn effects
m  Showing the effects of habitat fragmentation

m Providing information on wildlife corridor issues.
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1996 VEGETATION MAP HABITAT CODES
]

000 AQUATIC AND WETLANDS HABITATS GROUP

Terrestrial Subgroup

010 Wet Meadow/Marsh Ecotone

Typified by the presence of Agrostis stolonifera, Spartina pectinata, or occasionally solid
stands of Poa compressa or Agropyron smithii. Other common plants found in this
classification type include Asclepias speciosa, Iris missouriensis, Cirsium arvense,
Rumex sp., and sometimes Arnica fulgens. Soils are usually fine, silty materials with few
rocks. These areas are commonly found on the edges of the streams, ponds, seeps, and
other wetter areas at the Site, often just beyond the short marsh and tall marsh classifica-

tions.

020 Short Marsh
Typified by stands of Carex sp. and/or Juncus sp. This classification is usually wet and
underwater for parts of the year. It has fine, muddy soils with few rocks.

030 Tall Marsh
Typified by stands of Typha sp. and/or Scirpus sp. These areas are usually under water

and have generally fine, muddy soils with few rocks.

Open Water Subgroup
050 Ponds and Impoundments

054 Open Water
This classification was used for the ponds and other open water bodies at the Site.

Emergent Subgroup
090 Mudflats
This classification represents areas that often become exposed between the high and low

water marks along the pond margins. It also includes small pool areas that completely
dry out during the summer. Vegetation is usually sparse, but may include such species as
Echinochloa crusgallii, Rumex sp., Polygonum sp., or a few other grasses or sedges.

100 WOODLANDS HABITAT GROUP

110 Riparian Woodland
This classification is typified by stands of Populus deltoides, Salix amygdaloides, Ulmus
pumila, Populus albus, and perhaps a few other tree species. There may also be an
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understory of Prunus sp., Symphoricarpos sp., Salix sp., or other woody species. This
classification is found primarily along the drainage bottoms at the Site.

120 Ponderosa Woodland

Typified by scattered stands of Pinus ponderosa with some occasional Pseudotsuga
menziesii. This classification is found primarily on the western edge of the Site on the
northern edges of ridgetops. It is also common along the old railroad grade. It is often
surrounded by xeric mixed grassland.

130 Tree Plantings

This classification represents areas where trees have been planted for landscaping or
shelterbelt purposes. The only occurrence of this classification in the Buffer Zone is the
apple orchard. Areas of this classification are present in the Industrial Area, but no
vegetation mapping was done there for this map.

200 SHRUBLANDS HABITATS GROUP

210 Riparian Shrubland

This classification is composed of stands of Salix exigua and/or Amorpha fruticosa. It is
found primarily along the stream channels at the Site. This classification was broken
down into two other subdivisions, depending on which species was dominant.

211 Riparian Shrubland - Stands dominated by Amorpha fruticosa.
212 Riparian Shrubland - Stands dominated by Salix exigua.

220 Short Upland Shrubland

This classification is dominated by stands of Symphoricarpos occidentalis and occa-
sionally Rosa sp. This classification is typically found in a wetter environment than the
Savannah Shrubland habitat described below. The short upland shrub is often found in
association with wet meadows and other aquatic/riparian/wetland classifications.

230 Tall Upland Shrubland

This classification is typified by stands of Crataegus erythropoda, Prunus virginiana,
and Prunus americana. Most of this classification is found on north-facing slopes in the
Rock Creek drainage. It is typically underlain by cobbly, gravely soils.

260 Savannah Shrubland

This classification represents areas of open shrubland with grassland between the scat-
tered shrubs. The predominant shrub for this classification is Rhus aromatica, but occa-
sionally Ribes ssp. and some other woody species may be present. Most of this
classification is found in the Rock Creek drainage at the Site.
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300 GRASSLANDS HABITATS GROUP

310 Short Grassland
This classification is typified by stands of short grass prairie species, Buchloe dactyloides
and Bouteloua gracilis. Very little of this classification is found at the Site.

320 Mixed Grassland
This classification is broken down into three subdivisions found at the Site, which often
intermix, making boundary deliniations difficult between the classification types.

322 Mesic Mixed Grassland

This classification is dominated by Agropyron smithii, Poa pratensis, and Boute-
loua gracilis. Other common species include Stipa viridula, Poa compressa, Bro-
mus japonicus, and Alyssum minus. In contrast with the bunchgrass appearance of
the xeric mixed grassland described below, these grasslands have more of a solid
turf appearance as a result of the physiognomy of the species present. The soils are
considered to be clay loams and do not have the cobbly appearance at the surface
that is typical of the xeric mixed grassland soils. Most of the hillsides on the Site
are considered mesic mixed grassland, and their quality varies considerably. The
mesic mixed grasslands on the western side of the Site seem to have been less
degraded by exotic, non-native invaders such as Bromus japonicus, Alyssum minus,
and Carduus nutans, than those on the eastern edge. For classification purposes, no
distinctions were made based on the impact of these exotic species. As long as an
understory of Agropyron smithii, Poa pratensis, or Bouteloua gracilis was present
beneath the exotic, non-native species, the grassland was still classified as mesic
mixed grassland.

323 Xeric Mixed Grassland

This classification is dominated by Andropogon gerardii, Andropogon scoparius,
Stipa comata, Muhlenbergia montana, Carex heliophila, Arenaria fendleri, Aster
porteri, Koleria pyrimidata, and Liatris punctata. The grassland has a bunchgrass
appearance as a result of the physiognomy of the species present. Stands of Yucca
glauca, which are found in a few spots primarily on ridgetops on the eastern side of
the Site, are also included in the xeric mixed grassland classification, because they
are often surrounded and intermixed with this classification type. This classifica-
tion is found on nearly all the pediments and ridgetops at the Site and is underlain
by Rocky Flats Alluvium. The soils are considered to be sandy clay loams with lots
of cobbles. The surface of the ground is usually very rocky. Two subdivisions of
xeric mixed grassland were recognized:

.331 Xeric Tallgrass Prairie

This subdivision is dominated by Andropogon gerardii and Andropogon sco-
parius. It also contains high cover of Muhlenbergia montana, Carex helio-
phila, Arenaria fendleri, and Aster porteri. Other tallgrass prairie species
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include Sorghastrum nutans, Sporobolus heterolepis, and Panicum virgatum.
The soils are usually visibly cobbly on the surface.

332 Xeric Needle and Thread Grass Prairie

This subdivision is dominated by Stipa comata and Stipa neomexicana. It
contains very little Andropogon gerardii and Andropogon scoparius. The
soils are not quite as visibly cobbly as the xeric tallgrass prairie.

324 Reclaimed Mixed Grassland

This classification is dominated by Bromus inermis, Agropyron intermedium,
Agropyron cristatum, Melilotus sp., Convolvulus arvensis, and other planted or
adventive species. This classification covers all Site areas that have previously
been farmed or disturbed, and then revegetated with various seed mixtures. Large
tracts of this habitat type are found in the southeastern portion of the Site and in
and around the Industrial Area.

400 DISTURBANCE HABITAT GROUP

410 Annual Grass/Forb

This classification is dominated by a plant community of annuals such as Bromus japoni-
cus, Bromus tectorum, Centaurea diffusa, Helianthus annus, and other associated species.
This category was used when little or no mesic mixed grassland community existed
beneath the annual species listed above. These areas were often disturbed, unrevegetated
areas or areas where reclamation efforts had failed and an annual, early successional stage
had established.

420 Disturbed /Barren Lands (Roads)
This classification was used for the roads and Industrial Area and other disturbed barren

areas.

500 STRUCTURES AND STRUCTURE ASSOCIATIONS HABITATS GROUP

530 Rock and Gravel Piles
This classification was used for rip/rap piles along stream channels and on dam faces.
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EcMP 1993-95 Data Sets




EcMP 1993-95 DATA SETS

The following list provides information for analyzing and interpreting the 1993-95 EcMP
terrestrial vegetation data sets. The filenames and associated concerns are addressed.

GENERAL COMMENTS CONCERNING THE DATA SETS

The phenological-state data contained in all the belt transect data sets must be used with
caution. The method in which it was gathered did not take into account abundance asso-
ciated with each phenological state; also, not all the states recorded for each species are
contained in the electronic data sets.

1993 DATA SETS

1993 EcMP terrestrial vegetation sampling was conducted by a subcontractor to EG&G.
Technical problems were encountered with the data sets largely as a result of sampling
errors attributable to the field personnel’s lack of familiarity with the Site flora. All
vegetation sampling was conducted in mid- to late summer. Correct field identification
of many species was a constant problem and must be considered when interpreting the
data sets.

belt931.dbf  Contains the “spring 1993 belt transect data. The term “spring” is a mis-
nomer, however, because sampling was conducted in July. Therefore, this
data set does not include the spring ephemerals from the sites.

belt932.dbf  Contains the late summer 1993 belt transect data. The woody stem density
data include a number of subshrub species such as Gutierrizia sarothrae,
Artemesia frigida, Artemesia dracunculus, and others that were not
included in counts during the 1995 sampling, so this must be taken into
consideration when analyzing the data to obtain comparable numbers.

pit932.dbf  Contains the late summer 1993 point-intercept transect data. The basal
cover portion of the data set is of no value and should not be used for any
analyses because of serious inconsistencies and problems with the sam-
pling. The foliar cover portion of the data set is usable, however.

quad932.dbf Contains the late summer 1993 production plot sampling. The data were

collected in such a manner as to only allow determination of total biomass
for all species combined. Annual biomass of individual species cannot be
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pnut931.dbf

pnut932.dbf

determined from the data set, because current-year dead and previous-year
dead materials were not separated by species.

Contains plant nutrient data from the first 1993 sampling session. No
known problems with this data set.

Contains plant nutrient data from the second 1993 sampling session. No
known problems with this data set.

1994 EcMP DATA SETS

1994 EcMP terrestrial vegetation sampling was conducted by EG&G (Site) staff ecolo-
gists. The late summer sampling session in 1994 lasted from August through the end of
September, as a result of the large amount of sampling conducted. The length of time
over which the data were collected could have some effect on the interpretation of certain

results.
belt941.dbf

belt942.dbf

pit942.dbf

quad942.dbf

Contains the spring 1994 belt transect data. No known problems.

Contains the late summer 1994 belt transect data. The woody stem density
data include a number of subshrub species such as Gutierrizia sarothrae,
Artemesia frigida, Artemesia dracunculus, and others that were not
included in counts during the 1995 sampling, so this must be taken into
consideration when analyzing the data to obtain comparable numbers.

Contains the late summer 1994 point-intercept transect data. No known
problems.

Contains the late summer 1994 production plot data. These data were
collected such that species-specific biomass production can be determined.

1995 EcMP DATA SETS

1995 EcMP terrestrial vegetation sampling was conducted by RMRS (Site) staff ecolo-
gists. No production plot data were collected in 1995.

belt951.dbf

belt952.dbf

Contains the 1995 spring belt transect data. As mentioned for the 1993
and 1994 point-intercept data sets, in 1995, a change was made concerning
what woody species were counted.

Contains the 1995 late summer belt transect data. No known problems.
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pit952.dbf  Contains the 1995 late summer point-intercept transect data. No known
problems.
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