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ABSTRACT

This report presents the results of a study of secondary plant succession on disturbed sites
created during initial site investigations in the late 1970s and early 1980s at Yucca Mountain,
NV. Specific study objectives were to determine the rate and success of secondary plant
succession, identify plant species found in disturbances that may be suitable for site-specific
reclamation, and to identify environmental variables that influence succession on disturbed
sites. During 1991 and 1992, fifty seven disturbed sites were located. Vegetation parameters,
disturbance characteristics and environmental variables were measured at each site. Disturbed
site vegetation parameters were compared to that of undisturbed sites to determine the status of
disturbed site plant succession. Vegetation on disturbed sites, after an average of ten years,
was different from undisturbed areas. Ambrosia dumosa, Chrysothamnus teretifolius,
Hymenoclea salsola, Gutierrezia sarothrae, Atriplex confertifolia, Atriplex canescens, and
Stephanomeria pauciflora were the most dominant species across all disturbed sites. With the
exception of A. dumosa, these species were generally minor components of the undisturbed
vegetation. Elevation, soil compaction, soil potassium, and amounts of sand and gravel in the
soil were found to be significant environmental variables influencing the species composition
and abundance of perennial plants on disturbed sites. The recovery rate for disturbed site
secondary succession was estimated. Using a linear function (which would represent optimal
conditions), the recovery rate for perennial plant cover, regardless of which species comprised
the cover, was estimated to be 20 years. However, when a logarithmic function (which would
represent probable conditions) was used, the recovery rate was estimated to be 845 years.
Recommendations for future studies and site-specific reclamation of disturbances are
presented.
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1.0 PURPOSE

During the late 1970s and early 1980s, drill pads, borrow areas, cutslopes, and other
construction disturbances were created during site investigations to evaluate Yucca Mountain
as a study site for a potential nuclear waste repository. Many of these sites had vegetation and
topsoil removed or had fill material spread over them to level the site. These disturbances
provide an opportunity to study natural revegetation processes (i.e., secondary plant
succession) at Yucca Mountain. In 1991, EG&G/EM ESD implemented a disturbed habitat
study to inventory past disturbances and to gain information on the successional processes
occurring on disturbances at Yucca Mountain. Results from this study can provide insight into
factors that control plant establishment on disturbances, aid in the development of reclamation
studies, and ultimately aid in the development of techniques for reclaiming disturbed sites.

Three specific objectives of the study were outlined in the Reclamation Feasibility Plan (DOE
1990):

1) determine the rate and success of natural revegetation processes by comparing
disturbed sites with adjacent undisturbed areas;

2) identify plant species found across all disturbances and within vegetation
associations which are suitable for use in site-specific reclamation;

3) identify environmental variables at disturbances that may enhance site
reclamation success.

The process of secondary plant succession can be described as the change in species
composition from the time a disturbance has ceased until the vegetation at the site reaches an
equilibrium and the species composition changes very little over time (Connell and Slatyer,
1977; Pickett et. al 1987). In deserts, this process can take many hundreds (Webb and
Wilshire, 1980; Carpenter et al., 1986) to thousands of years for the equilibrium to occur
(Vasek, 1979/80). Depending on the severity of the disturbance, secondary succession may
create a plant community that is similar to the site prior to disturbance, or a plant community
that is quite different (Webb et al., 1983). Plant species that occur on a site immediately after
a disturbance may ameliorate the soils and microenvironment so that species that are not
adapted to the harsh conditions of the disturbed site can later re-establish (Vasek, 1983).

The goal of this study is to better understand the natural succession process including the rate
of succession at Yucca Mountain and what factors control or influence that rate. Application
-of this information may then allow reclamation scientists to develop reclamation trials that can
assess if successional factors can be controlled or ameliorated to enhance reclamation success.
Information from the disturbed habitat study and the reclamation trials will ultimately be used
in the development of site-specific reclamation plans to successfully restore disturbances at

Yucca Mountain. A




2.0 LITERATURE REVIEW

Natural succession in the Mojave Desert appears to be a slow process (Vasek et al., 1975a b;
Vasek, 1979/80; Romney et al., 1980; Wallace et al., 1980; Webb and Wilshire, 1980;
Carpenter et al., 1986). Carpenter et al. (1986) reported that secondary succession on old
fields in the eastern Mojave Desert require approximately 65 to 100 years for perennial plant
cover to be comparable to that of undisturbed areas. Lathrop and Archbold (1980) estimated
that the average recovery time for sites disturbed by utilities construction was 100 years and
that more than 300 years may be required for long-lived perennials to re-establish. Vasek
(1983) stated that natural revegetation of disturbed areas in the Mojave Desert is a process that
may require centuries for the disturbed site to have comparable species composition and
abundance, biomass, and structure to that of the original plant community.

Secondary succession studies conducted in the Mojave Desert have indicated that in the early
seral stages, disturbed sites are dominated by short-lived and intermediate-lived plant species
(Wells, 1961; Vasek et al., 1975a; Webb and Wilshire, 1980). Vasek (1979/80) reported that
a severely disturbed borrow pit was dominated by short-lived shrubs such as Encelia frutescens
and Stephanomeria pauciflora, whereas undisturbed areas surrounding the borrow pit were
dominated by long-lived perennials such as Larrea tridentata and Opuntia bigelovii. The
author concluded that the long-lived perennials were removed during disturbance and
approximately 9 years was required for long-lived perennial seedlings to appear in the
disturbed area. Vasek (1979/80) outlined three categories of plant species response to soil
disturbance in the Mojave desert. The first group included pioneer or invader species such as
Stephanomeria pauciflora and Encelia frutescens. These species tended to be short lived
shrubs, suffrutescent or herbaceous perennials. The second group included long-lived
opportunists such as Ambrosia dumosa that are eliminated after soil disturbance, but are
present again shortly after the disturbance has ceased. The third group contained long-lived
perennials species such as Larrea tridentata, Krameria grayii and Eriogonum fasciculatum
which react negatively to deep soil disturbance and are generally removed from the site. Many
years may be required for seedlings of these long-lived perennials to reappear in the
disturbance; however, once established, these plants can persist for a great many years.

Several plant succession studies have been conducted on the Nevada Test Site (NTS). One
such study was conducted at the Wahmonie ghost town (located in Area 25 of NTS, 20
kilometers east of Yucca Mountain). Wells (1961) reported that after 31 years, the disturbed
areas at the Wahmonie site had greater numbers of Stipa speciosa, Hymenoclea salsola, and
Ephedra nevadensis than undisturbed areas. Larrea tridentata and Grayia spinosa were absent
in the disturbance, but were dominants in the undisturbed areas adjacent to the site. Webb and
Wilshire (1980) visited the Wahmonie sites 24 years after the study conducted by Wells
(1961). They noted that after 51 years, the most severely disturbed areas (former streets) had
reduced densities of long-lived perennials such as Larrea tridentata, Grayia spinosa, and
Lycium andersonii, which were dominant in the adjacent undisturbed areas. Cover of
Hymenoclea salsola and Stipa speciosa was greater in the disturbed areas than in the adjacent
undisturbed control. The authors noted that cover and density of perennials was greater in the

2




disturbed area; however the species diversity was less in the disturbed site. The authors
suggested that the rate of revegetation at the old town site was related to the soil compaction
levels. Areas with high compaction levels had higher densities and cover of short-lived
perennials, and lacked long-lived species such as Larrea and Grayia.

On land disturbed by grading to a depth of 15-20 cm in Area 25, Romney et al. (1989)
reported an increase in the densities of Larrea tridentata and Ambrosia dumosa after above
average rainfall during summer and winter months. The authors also noted that species such
as Larrea tridentata , Ephedra nevadensis, and Lycium andersonii resprouted from exposed
roots in the disturbed area. Plant succession studies were conducted at NTS to determine the
effects of aboveground nuclear testing (Shields and Wells,1962; Shields et al., 1963). The
annual species, Salsola kali, was found to have the highest density in areas with greatest soil
disturbance created by nuclear blasts; however, the abundance of this species declined after 4
years (Shields et al., 1963). Within four years , perennial species such as Atriplex canescens,
Hymenoclea salsola, Oryzopsis hymenoides, and Stipa speciosa increased in numbers on areas
disturbed by atmospheric tests when compared with adjacent undisturbed areas (Shields et al.,
1963).

Although the studies described above provide insight into the successional processes that occur
in post-disturbance habitats of the Mojave Desert, they do not provide adequate information
about successional processes at Yucca Mountain. Past studies did not examine and measure
specific environmental variables (with the exception of soil compaction measurements of Webb
and Wilshire, 1980) and how these relate to secondary plant succession. Past studies of
Mojave Desert secondary plant succession tended to be restricted to only one disturbance type
and speculations were made as to how environmental variables influenced successional
patterns. In this study, the attempt was made to collect information to determine successional
patterns at Yucca Mountain and assess how disturbance type, surrounding vegetation
association and specific environmental variables influence these successional patterns.




3.0 STUDY AREA DESCRIPTION

Yucca Mountain lies within the arid Basin and Range Province, a geographical region
characterized by generally linear mountain ranges dissecting alluvial piedmont valleys with
rugged, complex terrain features. Major topographical features of the area include Yucca
Mountain itself, a long north-south aligned volcanic ridge, 1,494 m (4,855 ft) in elevation that
slopes steeply (15 to 30 degrees) toward the west to Crater Flat (elevation 1,189 m ; 3,864
ft.), and gradually (5 to 10 degrees) toward the east in a series of highly dissected ridges to
valleys of approximately 915 m (2,973 ft) in elevation (Figure 1). A large basin, Jackass
Flats, and its associated Fortymile Canyon drainage, lie to the east of Yucca Mountain.

The climate of the Yucca Mountain area is characterized by strong solar insolation, limited and
erratic precipitation, low relative humidity, and large diurnal temperature differences. No
National Weather Service weather recording stations are present in the study area; however,
precipitation data were collected from 1968 to 1992 at NTS monitoring gauge 4JA in Area 25.
Average annual precipitation was 136.6 mm (+ 68.9 SD). The greatest monthly average
precipitation (25.0 mm + 27.1 SD) was in March and the lowest average monthly
precipitation (2.4 mm + 4.9 SD) was in June (Figure 2). Temperatures for the warmest
month (July) averaged 35.6 °C (96.1 °F), while the coldest month (December) averaged 1.8
°C (35.2 °F). ‘

Two major floristic zones occur within the Yucca Mountain Project Area: the Mojave Desert
zone, a warm desert occurring below 1,220 m (3,965 ft.); and a transition zone, often called
the Transition Desert, which extends in a broad east-west corridor between the Mojave and the
cooler, wetter Great Basin Desert found to the north of the site at elevations above 1,525 m
(4,956 ft) (Beatley 1976). Four primary vegetation associations (assemblages of areas with
similar species composition and physiognomic characteristics) occur throughout the study area
within these two floristic regions: Larrea-Ambrosia (Creosotebush-Bursage), Larrea-Lycium-
Grayia (Creosotebush-Boxthorn-Hopsage), Coleogyne (Blackbrush), and Lycium-Grayia
(Boxthorn-Hopsage) (Beatley, 1976; O'Farrell and Collins,1984). Each association is actually
a mosaic of sub-associations consisting of dominant, co-dominant, and less abundant species of
shrubs, grasses, and forbs; however, each association generally has similar physical
characteristics and species composition that tend to differentiate it from other vegetation
associations. |
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4.0 MATERIALS AND METHODS

During 1991, disturbances that were created prior to 1987 at Yucca Mountain were inventoried
to determine their suitability for use in this study. Sites were chosen if the size and shape of
the disturbance would accommodate a sufficient number of transects. Also, sites chosen were
not active disturbances. Fifty-seven disturbed sites (Figure 3) were selected across all
vegetation associations and the sites were classified by disturbance types (i.e. drill pads,
cutslopes, etc.) that occur in the Yucca Mountain area.

Line and belt transects were established and quantitative vegetation measurements of cover and
density were collected during July through October in 1991 and 1992. Depending on the size
of the disturbance area, three to six line and belt transects were established. Transects were
established at random distances from a defined baseline edge, and at one random distance from
an edge perpendicular to the baseline edge (Figure 4). Line transects for cover measurements
were 20-m long and were generally established parallel to each other with distances between
them exceeding 3 m. Transects were installed perpendicular and downhill (if sloping) to the
perceived direction of water runoff (Figure 4). Belt transects (2 x 20 m) for density
measurement were adjacent to each line transect.

4.1 DENSITY

For disturbance areas, density sampling occurred in belt transects (2 x 20 m) adjacent to each
20-m cover transect. Each belt transect was divided into ten 2- X 2-m quadrats. Live
perennial species present in each quadrat (annual species were not recorded) were counted and
summed. The summed values for a species were divided by the quadrat size and density was
expressed as plants/mz.

As with cover, 1992 density measurements from the ESPs were used for undisturbed area
density. Density measurements collected on ESPs were similar to that of disturbance areas
except that sampling occurred on eight to ten 2- x 50-m belt transects containing twenty-five 2-
X 2-m quadrats. As with disturbed areas, density was expressed as plants/mz.

4.2 COVER

Within disturbed areas, at 1-m intervals a long each line transect, five points were sampled
using the ocular point cover technique. The ocular point cover technique was used because it
has greater accuracy, improved efficiency, repeatability, and reduced sampler error (Buckner,
1985). One hundred points were sampled on each transect. When the ocular point intersected
any living plant tissue, the plant species was recorded. If the point intersected dead plant
material (e.g., a dead branch on a living plant) litter was recorded. If ground cover was
intersected, either bare ground, gravel (0.5 to 8 cm size fraction), cobble (8 to 25 cm), or rock
(>25 cm) was recorded. The number of points for each species or ground cover attribute
were summed and divided by the total number of points for each transect and expressed as a
percentage. '
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Figure 4. Generalized layout of transects and quadrats for cover and density measurements on disturbed areas at

Yucca Mountain.




Cover measurements collected in 1992 on the 48 Ecological Study Plots (ESPs) (Figure 3) as
part of site characterization effects studies on vegetation were used as the undisturbed cover
values to allow comparisons to be made with disturbed areas. Cover sampling on ESPs was
similar to that in disturbed areas except that sampling occurred on eight to ten 50-m line
transects randomly located within each ESP.

4.3 ENVIRONMENTAL VARIABLES

After transects were established, site characteristics of the disturbed areas were recorded.
Elevation, slope, aspect, size of the disturbance, and vegetation association of adjacent
undisturbed areas were recorded for each site. Age of the disturbance was determined by site
atlas records and phone interviews with supervisors for the construction activity that occurred
on a particular disturbed area. Precipitation amounts since cessation of disturbance were
calculated from daily precipitation at NTS gauge 4JA in Area 25.

At each disturbed site, soil samples were collected along each transect for soil physical and
chemical properties analysis. Depending on uniformity of the soil, soil down to 30 cm, or to
bedrock, whichever was shallower, was collected at one or more locations along the transect
and combined into a sample that represented the transect. A random portion of each transect
sample was removed and combined with the other transect samples at each site. This
combined sample represented the site soil sample and was sent to Utah State University Soil
Testing Laboratory in Logan, UT for analysis. Specific physical properties analyzed included:
percent sand, silt, and clay and percent gravel >2 mm. Specific chemical properties analyzed
included: pH; electrical conductivity; water soluble calcium, magnesium, and sodium; sodium
absorption ratio; NH, extractable calcium, magnesium, and sodium; phosphorus; nitrate-
nitrogen; potassium; organic matter; cation exchange capacity (CEC); and exchangeable
calcium, magnesium and sodium.

In order to determine degree of compaction and soil penetrability at each disturbed site, soil
penetrometer readings were obtained. Two types of penetrometers were used. A depth
penetrometer was used to record the depth of penetration into the soil surface. A cone
penetrometer was used to record the penetration resistance (kg/cm2) of the soil surface.
Penetrometer readings were taken at 2-m intervals along each transect, within each disturbed
area. Penetrometer readings were averaged across transects within a disturbed site and the
average was used as the penetrometer value for a site.

4.4 STATISTICAL ANALYSES

For disturbed sites and undisturbed (ESPs) sites, individual quadrats acted as the experimental
unit for calculation of density, and individual transects acted as the experimental unit for
calculation of cover in the statistical analyses. For comparisons of sites, vegetation
associations, and disturbance types, means and standard errors were calculated from the
density and cover values for the experimental units.
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Individual disturbed sites acted as the experimental unit for analyses used to explore
relationships among site density and cover, and environmental variables. Individual sites were
chosen as experimental units for these analyses because soil analyses were for individual sites
and because environmental variables such as elevation, slope, aspect, age and precipitation
generally do not change from one quadrat or transect to another. CANOCO, a multivariate
statistical package, was used to examine relationships among individual disturbed sites and
their associated environmental variables. CANOCO uses canonical correspondence analysis
(CCA) ordination (a method of arranging plant species or sites relative to their similarity to
each other or to associated environmental factors (Kent and Coker,1992)) and multiple
regression (ter Braak, 1986) to relate patterns of similarity in sites or plant species with
environmental variables that are correlated to this pattern (Kent and Coker,1992). CANOCO
then tests the significance of this relationship using a Monte Carlo permutation test (ter Braak,
1986).

4.5 DOMINANCE DIVERSITY CURVES

Dominance-diversity (also know as rank-abundance) curves were used to examine the
successional status of disturbed sites compared to that of undisturbed sites. A dominance-
diversity curve integrates species richness, diversity, and evenness (how equal species
abundances are to one another) into one diagram and allows comparisons of these attributes to
other sites. The curve is a plot of the relative or proportional abundances of species for a site
or sites on a log scale against their rank from most to least abundant, thus forming a curve that
can be used in describing the evenness of species distribution and relative species dominance
(Kent and Coker, 1992). If a site has a dominance diversity curve that is comparable to that of
another site, then the sites are relatively close in their successional status. However, if the
species on one site has completely different species ranks and shape of the dominance-
diversity curve than that of another site, this may indicate that these sites are in different
successional trajectories.

4.6 SUCCESSION RATE CALCULATIONS

For this report, successional rate will be defined as the time required (in years) for a given
vegetation parameter at a disturbed site to recover to a point that meets or exceeds that of
adjacent undisturbed areas. Generally, in past studies of succession in the Mojave desert, the
succession rate was calculated from the ratio of undisturbed to disturbed cover, density or
biomass multiplied by the age of the disturbed site (e.g. Vasek et al., 1975a b; Lathrop and
Archbold, 1980; Webb and Wilshire, 1980; Lathrop, 1983; Webb et al., 1988). The
assumption behind this calculation is that the relationship between disturbed site age and the
amount of a vegetation parameter is linear. - In actuality, the relationship could be linear,
exponential, or logarithmic due to species composition and environmental factors at a site.
Vasek et al. (1975b) state that the relationship between age and a vegetation parameter is most
likely not a linear relationship because plant growth curves are usually sigmoidal. The authors
conclude that linear estimates are crude and are "far too optimistic”. The linear calculation,
based on the disturbed to undisturbed vegetation parameter ratio, is used by many researchers
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because of the lack of data points to conduct regression. Many of these studies represent the
‘'status of a disturbed site at a single point in time; therefore, only two data points can be
regressed, time zero and the time at which data are collected.

In this study, the linear relationship was used to determine succession rates of individual
species because this was a single point in time study and the window of disturb site ages was
narrow (7 to 13 years since disturbance). Because of these two limitations, there were
insufficient data points to conduct a statistically significant regression for individual species.
Individual species succession rates were calculated by multiplying the cover or density
undisturbed to disturbed ratio for a species by the average age of the disturbed sites.

Because succession rates calculated from the undisturbed to disturbed ratio is viewed as a
crude and optimistic estimate, the succession rate for all sites was determined by conducting
linear and nonlinear (logarithmic function) regression on disturbed site age and disturbed site
perennial plant cover. The assumption was made that at zero time, cover of all disturbances
was also zero. The resulting regression equations were then used to extrapolate the amount of
time required for disturbed sites to reach the cover of undisturbed sites.

12




5.0 RESULTS

Data on perennial plant density, perennial plant cover, annual plant cover and various cover
attributes (bare ground, rock, litter, etc) were analyzed to determine vegetational
characteristics of disturbed sites at Yucca Mountain. These characteristics were compared and
contrasted to the surrounding undisturbed vegetation to determine the rate of recovery and the
successional status of the disturbed areas. Disturbed area vegetation data were also analyzed to
examine influences of environmental variables on disturbed site succession. Vegetation
associations and disturbance types were investigated to determine their influence on patterns of
vegetation at disturbed sites.

5.1 VEGETATION CHARACTERISTICS OF DISTURBED vs. UNDISTURBED
SITES

5.1.1 DENSITY

Total perennial plant density means were 30% greater in undisturbed areas when compared to
disturbances (Figure 5). Average shrub and grass density was higher in undisturbed areas than
in disturbances; however, average forb densities were 200% greater in the disturbances (Figure
5). Plant species having the highest mean density across all disturbed sites were
Chrysothamnus teretifolius, Gutierrezia sarothrae, Ambrosia dumosa, Stephanomeria
pauciflora, and Eriogonum inflatum (Figure 6). With the exception of A. dumosa, these
species generally had low mean densities in the undisturbed areas. Ephedra nevadensis ,
Coleogyne ramosissima, Menodora spinescens, Haplopappus cooperi, and Lycium andersonii
had high mean densities across all undisturbed areas, but were minor components of the
vegetation in disturbed areas (Figure 6).

5.1.2 COVER

Total perennial plant cover results were similar to that of density. Mean perennial plant cover
on disturbed sites was 37% less than that of undisturbed sites (Figure 7). Mean shrub, forb
and grass cover on disturbed area was 1.5 to 2.2 times less than that on undisturbed sites
(Figure 7). A. dumosa, C. teretifolius, Hymenoclea salsola, G. sarothrae, Atriplex canescens,
and Atriplex confertifolia had the highest mean plant cover in the disturbed areas (Figure 8).
Of these species, C. teretifolius, G. sarothrae, and A. canescens were minor components in
the undisturbed areas; however, average cover of H. salsola and A. confertifolia at disturbed
sites was comparable to that of undisturbed areas (Figure 8). As with density, the species
having highest cover means across all undisturbed areas were A. dumosa, E. nevadensis, C.
ramosissima, M. spinescens, and L. andersonii with the additions of Larrea tridentata and
Grayia spinosa (Figure 8). Perennial species richness (number of separate species) was
greater on undisturbed sites (Figure 9). Fifty eight perennial species were found across all
undisturbed sites, whereas 43 species were found across all disturbances.

Bare ground, gravel, and cobble cover means were greater in disturbed areas. In contrast,
plant litter cover was greater in the undisturbed areas (Figure 7). These differences are a
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inventoried in the disturbed habitat study at Yucca Mountain, NV.
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Figure 6. Mean density (+ SE) of perennial plants found in disturbed and undisturbed sites at Yucca Mountain, NV. Species

with densities less than 0.0003 plants/m2 are not shown. See Appendix Table 1 for species code information.
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reflection of the effects that soil and vegetation disturbance have on these cover attributes.
The scraping or removal of soil at the time of disturbance has led to decreases in plant litter
due to the destruction of the perennial vegetation.

Average annual plant cover was surprisingly greater on the undisturbed areas when compared
to disturbed areas (Figure 7). This may be a artifact of the data collection. Annual species
data on undisturbed areas was collected during the early spring, when many of the annual
plants were actively growing. Annual plant cover on the disturbed sites was collected during
the summer and early fall when many of the annuals probably had died and disappeared by this
time. Another reason for the larger amount of annual cover on the undisturbed areas may be
the influence of Bromus rubens, which had the highest plant cover on undisturbed sites (Figure
10). This cover mean was almost 3 times greater than Salsola iberica which had the highest
annual plant cover in disturbed areas. S. iberica, Eriogonum deflexum, and Halogeton
glomeratus had the highest annual plant cover in the disturbed sites, but were minor
components or completely absent from undisturbed sites (Figure 10). B. rubens and Amsinckia
tessellata had the highest cover in undisturbed areas, and were major components of the annual
plant densities in disturbed sites (Figure 10).

5.1.3 SUCCESSION RATES

Using the perennial cover means for all disturbed and undisturbed sites, secondary succession
rates were estimated using linear and non-linear (logarithmic function) regressions (Figure 11).
The linear regression is meant to represent an "optimistic" rate and the logarithmic function
regression is meant to represent a probable succession rate since this function is more
representative of plant growth and successional processes. An extrapolation of the linear
regression indicated that perennial cover on disturbances would reach that of undisturbed areas
after 20 years. Extrapolation with the logarithmic function indicated that disturbed site
perennial cover will be 80 percent of the undisturbed site cover after 130 years, 90 percent
after 330 years, and 100 percent after 845 years. The gap in the number of years required for
disturbed sites to achieve 100 percent cover of the undisturbed sites for the linear and
logarithmic estimates is quite large and a result of the differences in these functions. For the
linear function, the increase in perennial cover is equal over time. However, for the
logarithmic function, perennial cover increases at an increasing rate during the first three
years, then increases at a decreasing rate for the remaining time. The results of the regressions
in Figure 11, whether linear or logarithmic, should be interpreted with caution. The
succession rates depicted are for total perennial cover of the disturbed and undisturbed sites
and does not take into consideration what species comprise the cover of the sites.

For individual species across all sites, estimated succession rates calculated from the ratio of
undisturbed to disturbed cover/density multiplied by the average age of the disturbed sites were
quite variable (Table 1). For example, the estimated succession rate for A. dumosa and L.
tridentata cover to approach that of undisturbed sites was 31 and 39 years, respectively.
However, rates for C. ramosissima, L. andersonii, and G. spinosa were 418, 425

and 1,101 years, respectively. Species such as A. confertifolia and H. salsola had
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Table 1. Estimated rates of succession (years) for perennial plant species found in disturbed and undisturbed sites at
Yucca Mountain, NV. Rates were calculated by mmltiplying the ratio of undisturbed to disturbed cover or density by
the average age of the site. Succession rates are given for individual species averaged across sites and within the
Lycium-Grayia (LG), Larrea-Lycium-Grayia (LLG), Coleogyne (COL), and the Larrea-Ambrosia vegetation
associations. Succession rates based on perennial plant density are for all sites combined. Species having a "?",
indicate that this species occurred in the undistarbed area but not in the disturbed area represented by the column,
therefore a rate cannot be determined. Species having a blank indicate that they did not occur in either the disturbed
or undisturbed areas represented by the column.

Cover Density -

Species All All
Scientific name Code Sites LG LLG COL LA Sites
Acamptopappus shockleyi ACSH 287 ? ? 109 1487
Ambrosia dumosa AMDU 31 65 14 471 16 48
Aristida longiseta ARFE 6
Aristida purpurea ARPU 0 0 0
Artemesia spinescens ARSP 5 0 ? 25
Artemesia tridentata ARTR 29 ? 0 9
Astragalus layneae ASLA ? ? ? ?
Atriplex canescens ATCA 2 8 4 0 1
Atriplex confertifolia ATCO 6 16 ? 16 ? 8
Brickellia watsonii BRWA 0 1 0 0
Castilleja chromosa CACH ?
Calochortus flexuosus CAFL ? ? ? ?
Ceratoides lanata CELA ? ? ? ? 752
Chrysothamnus nauseosus CHNA 1 4 0 2 0
Chrysothamnus paniculatus CHPA 1 0 1 0
Chrysothamnus teretifolius CHTE 2 10 0 3 1
Chrysothamnus viscidiflorus CHVI 4 15 0 8 3
Coleogyne ramosissima CORA 418 ? ? 241 ? 89
Delphinium parishii DEPA 10 ? 0 ? ?
Descurainia sophia DESO ?
Dichelosterma pulchellum DIPU ? ?
Echinocereus engelmanii ECEN ? ? ?
Echinocactus polycephalus ECPO ? ? ?
Encelia virginensis ENVI 7 4 9 125 5
Ephedra nevadensis EPNE 188 400 226 ? ? 139
Ephedra viridis EPVI ? ? ? 143
Eriogonum fasciculatum ERFA 53 730 4 ? 0 36
Eriogonum inflatum ERIN 8 6 18 ? 13 0
Eriogonum microthecum ERMI 64
Erioneuron pulchellum ERPU 14 20 ? 10
Eriogonum umbellatum ERUM ? ?
Euphorbia albamarginata EUAL 8 20 7 ? 2
Grayia spinosa GRSP 1101 ? 51 ? ? 912
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Table 1. Contimned

Cover Density

Species All All
Scientific name Code Sites LG LLG COL IA Sites
Gutierrezia sarothrae GUSA 2 7 11 2
Haplopappus cooperi HACO 30 202 7 2 ? 61
Haplopappus linearifolius HALI 28 148 4 5
Hilaria jamesii HUA 42 454 5 54
‘Hymenoclea salsola HYSA 8 50 5 6 15
Juniperus osteosperma JUOoS ?
Krameria parvifolia KRPA ? ? ? ? ? 1475
Larrea tridentata LATR 39 93 29 ? 54 56
Lepidium densiflorum LEDE ? ? ? ? ?
Lepidium fremontii LEFR 3 20 0 1
Leptodactylon pungens LEPU 0 0 6
Lycium andersonii LYAN 425 ? 66 ? ? 62
Lycium pallidum LYPA 245 ? ? ? 51 108
Machaeranthera canescens MACA 0 0 0 0 '
Machaeranthera tortifolia MATO 42 0 ? ? 18
Menodora spinescens MESP 528 ? 165 14 ? 179
Mirabilis bigelovii MIBI ? ? ? 20
Mubhlenbergia porteri MUPO ? ? ?
Opuntia basilaris OPBA 126
Opuntia echinocarpa OPEC ?
Oryzopsis hymenoides ORHY 3 3 0 ? 12
Psorothamnus fremontii PSFR 0 0 ? 14
Psorothamnus polydenius PSPO ? ?
Salazaria mexicana SAME 261 ? 176 ? ?
Sclerocactus polyancistrus SCPO ? ? ?
Sisymbrium altissimum SIAL 14 13 6 ? ?
Sitanion hystrix STHY ? ? ? 2
Sitanion jubatum Sy 3 ? 0 0
Sphaeralcea ambigua SPAM 29 204 3 4 13
Stephanomeria pauciflora STPA 1 4 1 2 0 0
Stipa speciosa | STSP 21 67 ? ? ? 24
Tetradymia axillaris TEAX 21 ? ? ? 0 ?
Yucca brevifolia YUBR ? ? 4
Average site age 9.6 9.4 9.6 104 9.4 9.6
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succession rates of 6 and 8 years, respectively, indicating how quickly these species recover
from disturbance. Again, these estimates are based on the assumption that the rate of
succession is linear, so these values should be interpreted as optimistic.

5.2 ENVIRONMENTAL CHARACTERISTICS OF DISTURBANCES

For determination of the influence of important environmental variables on disturbed site plant
succession, perennial plant cover was chosen as the analysis variable. Perennial plant cover
was chosen over density and total plant cover because it does not fluctuate widely from year to
year. Total plant cover fluctuates yearly due to the influence of annual plants, and plant
density numbers can be skewed by an abundance of seedlings in one year that may die before
the next year. Therefore, perennial plant cover is probably the best variable for point in time
comparisons such as in this study. Also, perennial plant cover integrates plant frequency,
density, and size (canopy area) into one analysis variable.

5.2.1 SITE CHARACTERISTICS

Using the perennial plant cover species means and the mean values for environmental variables
for individual sites, ordination was conducted to determine patterns of similarity in sites and
the environmental variables that influence these patterns. Canonical correspondence analysis
(CCA) ordination indicated that elevation, soil potassium, percent sand in the soil, percent
gravel >2 mm in the soil, and soil penetration resistance (compaction) were significant (p
<0.05) environmental variables (Figure 12). In Figure 12, a biplot of the sites and
influencing environmental variables is presented. The disturbed sites are represented by
geometric shapes in the graph. The closer the sites are to each other, the more similar they are
in regard to perennial plant species composition and abundance. The greater the distance
between the sites on the graph, the more dissimilar they are, thus having differing species
composition and abundances. The arrows projecting from the origin are the correlated
environmental variables and are indicative of the direction and proportion of maximum change
of the environmental variable (Kent and Coker, 1992). The greater the length of the arrow,
the greater the amount of change in the environmental variable for that direction (thus, the
arrow can be projected backward for change in that direction) and the more highly correlated
that variable is to the site ordination. If lines are drawn perpendicular from the projection of a
particular environmental variable arrow toward each of the sites, the sites having
perpendiculars close to or past the end of the environmental variable arrow are more closely
correlated to that variable. The variability in disturbed sites in relation to the dominant
environmental variables can be seen in the CCA biplot. A portion of the sites were correlated
to low elevations with high soil potassium and sand content (e.g. sites 1, 35, 39, 40, and 56).
Other sites were highly correlated with high elevations and compacted soils (e.g. sites 8, 13,
and 10).
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Figure 12. Canonical correspondence analysis (CCA) biplot for disturbed sites
and significant environmental variables for Yucca Mountain, NV. Sites are
classified by the vegetation association in which they occurred (Larrea-Lycium-
Grayia =LLG, Coleogyne = COL, Larrea-Ambrosia = LA, and Lycium-Grayia
= LG). For location of the sites, see Figure 3.
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5.2.2 SPECIES CHARACTERISTICS

The influence of environmental variables on the plant species ordination is presented in Figure
13. The influence of a particular variable on a species can be interpreted the same as
described above for sites. Acamptopappus shockleyi, L. andersonii, L. tridentata, and A.
dumosa occupied disturbed sites at low elevations, with sandy soils having relatively high
potassium. In contrast, C. ramosissima, Artemisia spinescens, Haplopappus linearifolius,
Machaeranthera canescens, and A. canescens, inhabited disturbed sites at higher elevations
having low percentages of sand and potassium in the soil. Brickellia watsonii, Erioneuron
pulchellum, Lepidium fremontii, and Chrysothamnus nauseosus were more prevalent on
disturbed sites having high percentages of gravel > 2 mm, low soil penetrability, and low soil
potassium (Figure 13). Delphinium parishii and Psorothamnus fremontii occupied disturbed
sites having high percentages of sand and potassium in the soil, high soil penetrability and
small amounts of gravel. Notice that species such as C. teretifolius, H. salsola, E. inflatum,
and S. pauciflora that had relatively high cover values in the disturbed areas (Figure 8) are
clustered near the origin. This may indicate that these species occur in a variety of
disturbances, and are not strongly influenced by a particular environmental variable.

The environmental variables presented in Figures 12 and 13 were by no means the only
variables influencing species composition and abundance on disturbed sites. These
environmental variables were correlated with other variables (see Appendix Table 2); however,
those shown in the diagrams had the highest correlations with the species and site CCA
ordinations.

5.3 CHARACTERISTICS OF DISTURBANCES WITHIN VEGETATION
ASSOCIATIONS

The influence of environmental variables on site species composition and mean cover was
highly variable among sites (Figure 12). Because of this high variability, characteristics of
disturbances at Yucca Mountain are not equal and cannot be treated as such when planning
revegetation. Because much of the vegetation work at Yucca Mountain has been conducted on
a vegetation association scale, it may be appropriate to examine disturbance characteristics
within vegetation associations. Vegetation associations are plant assemblages having similar
species composition and physiognomic characteristics. Vegetation associations have similar
soils, moisture, and temperature regimes that have allowed similar plants species to grow and
thrive. In Figure 12, the vegetation association of each site is represented. As one moves left
to right on the graph, the vegetation associations generally follow the elevational gradient
represented by the arrow projection. This elevational gradient integrates the soil, moisture,
and temperature differences that exist as one moves from high to low elevation, partially
explaining the grouping of vegetation associations along the elevational gradient. Since the
elevation/vegetation association gradient appeared to play a strong role in the species
composition and abundance at disturbed sites, sites were categorized by vegetation association
and CCA ordinations were conducted to determine what environmental factors influence plant
species composition and abundance within the separate vegetation associations.
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5.3.1 Lycium-Grayia Vegetation Association

For disturbed sites where perennial cover data was collected, approximately half of the sites
(25) were located in the Lycium-Grayia (LG) vegetation association. Disturbed site cover of
forbs, grasses and shrubs was substantially less than that of undisturbed sites in this vegetation
association (Figure 14). Bare ground, cobble, and gravel cover means were greater for the
disturbed LG sites. However, plant litter was less on disturbed sites and this may be a result
of the lower shrub cover on these sites (Figure 14).

Undisturbed LG sites had more perennial species present (46) than that of disturbed sites (31)
(Figure 9). G. sarothrae, A. confertifolia, C. teretifolius, A. canescens, C. nauseous and H.
salsola had the highest perennial plant cover means in the disturbed areas (Figure 15), whereas
E. nevadensis, G. spinosa, L. andersonii, Eriogonum fasciculatum, Haplopappus cooperi, and
H. salsola had the highest perennial plant cover on undisturbed sites (Figure 15). Two of
these species, G. spinosa and L. andersonii, for which the vegetation association is named,
were completely absent from the cover measurements at disturbed sites. Cover of E.
nevadensis, E. fasciculatum and H. cooperi in the undisturbed areas was 21, 38, and 10 times
greater, respectively, than the cover of these species in the disturbed LG sites.

Dominance-diversity curves (also called rank abundance diagrams) for undisturbed and
disturbed LG sites are presented in Figure 16. In this study, dominance-diversity curves were
used to examine the successional status of disturbed sites compared to that of undisturbed sites.
If disturbed sites have comparable curves to that of undisturbed sites, then the disturbed sites
are relatively close in their successional status to the undisturbed sites. If species having high
cover values in the undisturbed areas are at least present in disturbed site curve, this may be an
indication that the disturbed sites are on a successional trajectory towards the species
composition and abundance of the undisturbed site. In Figure 16, G. sarothrae is clearly the
dominant species on disturbed LG sites but is not one of the dominant species in undisturbed
LG sites. A. confertifolia, C. teretifolius, and A. canescens had high cover rankings in the
disturbed areas, but are found much lower in the rankings of undisturbed LG sites. E.
nevadensis, G. spinosa, L. andersonii, and E. fasciculatum had the highest ranking cover on
undisturbed sites, but had very low rankings or were completely lacking in the disturbed LG
sites.

Average age of LG disturbances was 9.4 (+ 0.3) years. Estimated succession rates of
individual species encountered on LG sites was highly variable (Table 1). Generally, species
such as G. sarothrae, A. confertifolia, C. teretifolius, and A. canescens, that were dominants
on the disturbed sites, had estimated succession rates of 8 to 16 years. However, species such
as E. nevadensis and E. fasciculatum, that were dominants of undisturbed LG areas, had
estimated succession rates of 400 to 700 years.

CCA ordination of the LG sites indicated that soil potassium, elevation, and the sum of the

growing season (October to March) precipitation for the first three years after disturbance were
significant environmental variables influencing species composition and abundance
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Figure 15. Mean cover (+SE) of perennial plant species found on disturbed and undisturbed sites inventoried within the
Lycium-Grayia vegetation association at Yucca Mountain, NV. Ten species found on undisturbed sites with cover less than

0.05% are not shown. For explanation of species codes, see Appendix Table 1.
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(Figure 17). As for all sites, elevation appeared to influence the LG sites even though the
elevation range is much less (1,230 to 1,500 m; 4,000 to 4,880 ft) than for all sites (1,015 to
1,780 m; 3,300 to 5,800 ft). Apparently, the elevation range within LG sites still creates a
gradient in the soil, moisture and temperature regimes. An indication of this is apparent in
Figure 17. Sites that were positively correlated with elevation were negatively correlated with
the precipitation variable. This may indicate that the species composition and abundance of
species at the higher elevation LG sites were less dependent on precipitation for the first 3
years after disturbance. The species ordination for LG sites indicated that Hilaria jamesii,
Sisymbrium altissimum, and A. canescens were correlated to sites having high soil potassium
(Figure 17). L. tridentata was correlated to sites having greater amounts of growing season
precipitation three years after disturbance. A. confertifolia, Machaeranthera tortifolia, and A.
spinescens were correlated to high elevation sites.

'5.3.2 Larrea-Lycium-Grayia Vegetation Association

Fourteen of the disturbed sites in this study were located in the Larrea-Lycium-Grayia (LLG)
vegetation association. Average forb, grass, and shrub cover on the disturbed sites ranged
from 1.6 to 2.4 times less than that measured in undisturbed LG sites (Figure 18). As with the
LG sites, bare ground and gravel cover was substantially greater in the disturbed sites. In
contrast to the LG sites, plant litter on LLG disturbed and undisturbed sites was comparable
(Figure 18).

Perennial species richness in undisturbed LLG sites was slightly higher than that in disturbed
LLG sites (Figure 9). H. salsola, C. teretifolius, L. tridentata, and A. dumosa, had the
highest mean cover on the disturbed LLG sites (Figure 19). Of these, C. teretifolius was the
only species that was not measured in the undisturbed LLG sites. L. tridentata, E. nevadensis,
A. dumosa and Krameria parvifolia had the highest mean cover on undisturbed LLG sites.
Mean cover of E. nevadensis in the undisturbed areas was 24 times greater than that in the
disturbed sites and K. parvifolia was completely absent in the disturbed sites.

Dominance-diversity curve comparisons for disturbed and undisturbed LLG sites give an
indication that species such A. dumosa, E. inflatum, and possibly L. tridentata, are
approaching cover proportions similar to those on undisturbed LLG sites (Figure 20).
Succession rates for these species, based on an average age of 9.3 years for LLG disturbances,
ranged between 14 and 29 years (Table 1). However, E. nevadensis ranked low in the
disturbed cover rankings and had an estimated successional recovery time of 226 years. K.
parvifolia was absent from the cover measurements (Table 1). The low ranking of E.
nevadensis, and the high ranking of C. teretifolius in the disturbed sites may be an indication
that these sites are not yet approaching the successional status of the undisturbed sites.

CCA ordination of LLG disturbed sites indicated that elevation, percent soil organic matter,
and exchangeable sodium in the soil were statistically significant (p=0.03) environmental
variables (Figure 21). Again, elevation was a significant variable although the elevational
range for the sites was 1,100 m (3,580 ft) to 1,315 m (4,280 ft). Apparently, this range
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Figure 17. Canonical correspondence analysis (CCA) biplots for sites(a),
perennial plant species (b) and their associated significant environmental
variables for Lycium-Grayia disturbances at Yucca Mountain, NV. For site

locations, see Figure 3. For explanations of species codes, see Appendix Table 1.
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SPECIES

Figure 19. Mean cover (+SE) of perennial plant species found on disturbed and undisturbed sites inventoried within the

Larrea-Lycium-Grayia vegetation association at Yucca Mountain, NV. Four species found on undisturbed sites with cover less

than 0.01% are not shown. For explanation of species codes, see Appendix Table 1.
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Figure 21. Canonical correspondence analysis (CCA) biplots for sites (a),
perennial plant species (b) and their associated significant environmental variables
for Larrea-Lycium-Grayia disturbances at Yucca Mountain, NV. For site
locations, see Figure 3. For explanations of species codes, see Appendix Table 1.
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influenced the moisture and temperature regimes enough to influence the species composition
and cover of these LLG sites.

The influence of organic matter may be related to site age since disturbance (as sites increase
in perennial plant density and cover over time, organic matter usually increases) or that
original topsoil and vegetation may have remained at the disturbed site. In this case, sites 19
and 48 (Figure 21) were plots that had higher organic matter and this may be because these
sites had crushed vegetation and little or no topsoil removed. The topsoil and remaining
vegetation at these sites may have influenced the positive correlation of perennial plant cover
with organic matter.

Sites 29 and 40 were correlated to exchangeable sodium. High amounts of exchangeable
sodium in the soil are generally undesirable to many plants. However, plants such Atriplex
-spp. are adapted to high amounts of sodium in the soil. The species ordination for the LLG
sites indicated that A. canescens was correlated to the exchangeable sodium in the soil (Figure
21). High soil sodium may also be detrimental to plant establishment. Sites 50 and 51 (not
shown in Figure 21) had high exchangeable sodium (3.5 and 10.24 %, respectively) and had no
perennial species present on the site at the time of data collection.

5.3.3 Coleogyne Vegetation Association

Eight of the disturbed sites sampled for perennial cover were located in the Coleogyne (COL)
vegetation association. COL undisturbed areas had approximately two times more perennial
plant species present than the disturbed COL sites (Figure 9). Mean forb cover in disturbed
COL sites was comparable to undisturbed sites (Figure 22). Grass cover was slightly higher in
the disturbed COL sites, but shrub cover was almost 3.5 times less than that of undisturbed
COL sites. As with the LLG vegetation association, bare ground, cobble, and gravel cover
was greater, and plant litter cover was considerably less on the disturbed COL sites (Figure
22).

C. teretifolius, A. canescens, H. jamesii, H. salsola, and M. canescens had the highest mean
cover in the disturbed sites (Figure 23). Of these species, M. canescens was completely absent
and A. canescens was a minor component in the undisturbed COL sites. C. ramosissima had
the highest mean cover in undisturbed COL sites, and this cover value was almost 23 times
greater than that in the disturbed areas. A. dumosa, E. nevadensis, Lycium pallidum, K.
parvifolia, and L. andersonii followed C. ramosissima in having greater mean cover on
undisturbed COL sites. With the exception of A. dumosa, these species were completely
absent in the COL disturbed sites examined in this study.

A comparison of the dominance-diversity curves for disturbed and undisturbed COL sites gives
an indication of the difference in the successional status of the disturbed and undisturbed sites
(Figure 24). Although C. teretifolius and A. canescens had the highest cover values in the
disturbed sites, they were not major components of the undisturbed sites. The presence of C.
ramosissima in the disturbed sites is encouraging, but this species' ranking in the disturbed
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site cover values is low when compared to undisturbed COL sites. Estimated successional
recovery time for the two undisturbed site dominants, C. ramosissima and A. dumosa, based
on an average disturbed site age of 10.4 (4 0.3 SD) years, was 241 years and 471,
respectively (Table 1). The absence of L. pallidum, L. andersonii, K. parvifolia, and

~ especially E. nevadensis from the disturbed site cover may be an indication that the
successional status of the disturbed COL sites will take more than 400 years to approach that
of the undisturbed sites.

CCA ordination was conducted on the COL disturbed site perennial cover and environmental
variables. Because of the low number of sites for this vegetation association, the analysis was
not statistically significant. Therefore, no results will be presented.

5.3.4 Larrea-Ambrosia Vegetation Association

Four of the disturbed sites sampled for perennial cover occurred in the Larrea-Ambrosia (LA)
vegetation association. These disturbed sites had average forb and grass cover that was
comparable to the undisturbed sites (Figure 25). Gravel, rock, and cobble cover was
substantially greater in the disturbed LA sites; however, bare ground cover was less than that
in the undisturbed areas. As with the other vegetation associations, average shrub cover and
plant litter cover were greater in the undisturbed areas. -

Species richness in the LA disturbed sites was considerably less than that of undisturbed sites
(Figure 9). Of the species in disturbed areas, A. dumosa, S. pauciflora, L. tridentata, L.
pallidum, and Chrysothamnus paniculatus, had the highest mean cover (Figure 26). Of these
species , S. pauciflora and C. paniculatus were minor components in the undisturbed sites
whereas A. dumosa, L. tridentata, and L. pallidum were major components in the undisturbed
areas. The other species having high mean cover values in the undisturbed areas were M.
spinescens, A. shockleyi and K. parvifolia. These species had very low cover values or were
not present in the disturbed sites sampled.

An examination of the dominance-diversity curves for disturbed and undisturbed sites provides
an indication of the successional status of LA disturbed sites (Figure 27). A. dumosa was the
dominant species in both the disturbed and undisturbed sites (Figure 27), and this species had
an estimated recovery time of 16 years (Table 1). L. tridentata, L. pallidum, and
Acamptopappus shockleyi, which had high cover rankings in the undisturbed LA sites (Figure
27) had recovery rates of 54 to 109 years (Table 1). However, M. spinescens and E.
nevadensis did not contribute to the disturbed sites' cover (Figure 27), and this may be an
indication that the successional status of these sites are quite different and may require
recovery times greater than 110 years.

As with the Coleogyne vegetation association, the CCA ordination for LA sites and
environmental variables was not statistically significant. Therefore, the influence of
environmental variables within this vegetation association could not be determined.
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association at Yucca Mountain, NV.
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5.4 CHARACTERISTICS OF DISTURBANCE TYPES

The type of disturbance (i.e. borrow area, cutslope, drill pad, etc.) may be an important factor
influencing the succession on a disturbed site. For example, succession on a borrow area may
be quite different than that on a cutslope just because of the differences in slope. However, in
this study, differences in plant succession on disturbance types are overridden by the influences
of elevation. The influence of environmental variables on all disturbed sites categorized by
disturbance type is presented in Figure 28. The high variability in the locations of the various
disturbance types on the graph gives an indication that elevation had a stronger influence on
species composition and cover of disturbed sites than did disturbance type alone. CCA
ordinations conducted for each of the disturbance types generally had the same environmental
variables with high correlations as those depicted in Figure 28. However, an examination of
the characteristics of disturbance types may provide information about subtle differences in the
disturbances types that can aid in the development of revegetation plans for disturbed sites.

Disturbed sites were categorized into the following disturbance type categories: 1) borrow
areas (areas where topsoil and subsoil were removed and used for fill material as in Figure
29a); 2) cutslopes (areas were an exposed slope was created by the removal of soil material as
in Figure 29b); 3) drill pads (an area cleared of vegetation frequently having fill material
brought in for leveling as in Figure 30a); and 4) vegetation crushed (areas that have had light
to moderate disturbance that crushes or breaks the vegetation as in Figure 30b). Of the
disturbed sites sampled for perennial cover, there were 14 borrow areas, 15 cutslopes, 11 drill
pads, and 5 crushed vegetation sites.

Forb and grass cover was not significantly different among disturbance types and was
comparable to that of the undisturbed sites (mean of all undisturbed sites) (Figure 31). Sites
with vegetation crushed had significantly greater shrub cover over other disturbance types and
this was comparable to the undisturbed area. Drill pads had significantly greater annual plant
cover when compared to the other disturbance types; however, this value was lower than that
for annual cover on undisturbed areas. Gravel cover was not significantly different among
sites but was considerably greater than that of undisturbed sites.

Of the disturbance types, borrow areas had the greatest species richness; however, these values
were less than that for undisturbed areas (Figure 32). Species richness was the lowest for
vegetation crushed sites. Dominance-diversity curves for the disturbance types and undisturbed
areas indicate differences among the disturbance types in species composition and relative
cover (Figure 33). In borrow areas, A. canescens and C. teretifolius were the dominant
species. On cutslopes, G. sarothrae and A. confertifolia had the highest relative cover. E.
inflatum, G. sarothrae, A. canescens, S. altissimum, and C. teretifolius were major component
of cover on drill pads. On areas where vegetation was crushed, A. dumosa was dominant,
followed by C. teretifolius. With the exception of A. dumosa, the above species were not
major dominants in undisturbed sites.
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Figure 28. Canonical correspondence analysis (CCA) biplot for disturbed sites and
significant environmental variables for Yucca Mountain, NV. Sites are classified by the
following disturbance types: borrow areas (BORROW), cutslopes (CUTSLOPE), drill
pads (PAD), and areas with crushed vegetation (VEGCRUSH). For location of the sites,
see figure 3.
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Figure 30. A drill pad (a ) and a crushed vegetation disturbance (b) used
for disturbed habitat studies at Yucca Mountain, NV,
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6.0 DISCUSSION

6.1 ENVIRONMENTAL VARIABLES INFLUENCING DISTURBED SITE
SUCCESSION

Disturbed site revegetation at Yucca Mountain was primarily influenced by site location and
soil properties. The differences in sites, as displayed by their correlations with the location
and soil environmental variables, indicate the site-specific nature of the environmental
influences at Yucca Mountain. As seen in the canonical correspondence analysis biplots,
individual sites and perennial plant species could be grouped according to their positive and
negative correlations with the dominant environmental variables (Figures 12, 13, 17, and 21).

Elevation was the most highly correlated variable in the canonical correspondence analysis
across sites. The correlation of elevation with species composition and abundance on
disturbances was an indication of the soil and microclimate differences imposed by the change
~ in elevation from the summit of Yucca Mountain down to Forty-Mile wash (Figure 3).
Species compositional differences along this gradient were evident in the CCA biplot for
perennial species (Figure 13). Species such as C. ramosissima, A. tridentata, and H. jamesii
had the greatest cover at high elevations while A. shockleyi and C. paniculatus had the greatest
cover at low elevations, indicating the habitat preferences for these species. When sites were
categorized by vegetation associations, elevation continued to play a dominant role in species
_ composition and abundance on the disturbed sites within the Lycium-Grayia and the Larrea-
Lycium-Grayia vegetation associations (Figures 17 and 21).

Across sites, soils factors were the other dominating environmental variables. Degree of soil
compaction, percent soil gravel, soil potassium, and percent sand influenced the species
composition and abundance on the disturbed sites. As with elevation, certain perennial species
were highly correlated with specific soil factors (Figure 13). The high degree of variability in
sites was again an indication of the site-specific responses to disturbance.

For the purposes of reclamation planning, it is important to know the factors that will
influence the success or failure of reclamation at a site. In this study, the determination of the
environmental variables influencing disturbed site succession will aid in deciding how these
variables can be used or manipulated to improve the success of reclamation. In the case of
elevation, this is location specific, and cannot be manipulated. However, soil factors, in most
cases, can be manipulated. Soil compaction could be alleviated by ripping or disking. Low
amounts of potassium could be mitigated by adding fertilizer. In the case of the Lycium-
Grayia vegetation association, the amount of precipitation for the first three years after
disturbance was a dominant environmental variable, especially for sites in the low elevational
range for this association. This could be mitigated by irrigating a site for the first three years
after seeding the site.

The disturbance type also appeared to have an influence on the species composition and
abundance on disturbances at Yucca Mountain. The specific environmental factors influencing
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each disturbance type could not be gleaned from the data since they were scattered across the
elevational gradient; however, the individual disturbance types did differ in species
composition and in relative amounts of forbs, grasses and shrubs (Figures 29 and 31). Some
of the effects of disturbance type could be mitigated in reclamation. Borrow areas could have
topsoil respread over the sites to improve the growth medium. Cutslopes, if lacking in
sufficient soil, could have topsoil imported to them and respread. Drill pads, in many cases,
were constructed with imported soil used to level the pad. These soils tended to be very
compacted compared to other disturbance types. Compaction could be alleviated by ripping or
disking.

Each disturbed site at Yucca Mountain differs by the disturbance type and the environmental .
variables influencing plant species composition and abundance. Because these influences vary
by site, and as with elevation, some cannot be manipulated, reclamation plans should to be
prepared on a site-specific basis.

6.2 DISTURBED SITE PLANT SPECIES

A. dumosa, C. teretifolius, H. salsola, G. sarothrae, A. confertifolia, A. canescens, and §.
pauciflora were the most dominant plants across all disturbed sites at Yucca Mountain with
subsets of these species being dominants in each of the vegetation associations (Figures 8, 15,
19, 23, 26) . These species generally have characteristics of being prolific seed producers
and/or have windblown seeds. Rowlands et al. (1980) report that, in the Mojave Desert, the
majority of species dominating sites after a disturbance tend to have wind disseminated seed.
C. teretifolius, G. sarothrae, and S. pauciflora produce small seeds with tufts of hair that are
easily dispersed by wind. H. salsola, A. confertifolia, A. canescens, and A. confertifolia
produce winged seeds. A. dumosa is a prolific seeder (Vasek, 1983) that produces bur-type
seeds that can be dispersed by wind or in the fur of passing animals.

Topsoil was removed from most of the disturbances inventoried in this study, thus removing
most of the native seedbank. Recruitment of new plants into these disturbances appears to
have been via windblown seed from the adjacent undisturbed areas. The low abundance or

. complete absence of species such as E. nevadensis, L. andersonii, and M. spinescens (Figure
7) may partially confirm this. E. nevadensis and M. spinescens have heavy seeds (when
compared to the windblown seeds) that may depend on rodent caching or overland flow of
water for dispersal. Otherwise, these species establish in close proximity to the mother plants.
L. andersonii has small seed contained in a fleshy fruit. This species’ dispersal may depend on
rodent caching or by birds eating the fruit and later dispersing the seeds via their feces. The
lack of vegetative cover on disturbances may reduce rodent caching because of increased
chance of being preyed upon, and the lack of vertical structure provided by larger shrubs may
reduce bird use of the sites, thus, reducing fecal deposition of seeds. Therefore, recruitment
of E. nevadensis, M. spinescens, and L. andersonii from seed may be limited to the
disturbed/undisturbed vegetation edge.
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The species described above that have established readily on disturbed sites may or may not be
suitable for use in reclamation at Yucca Mountain. Since many of these species on
disturbances were not major components of the undisturbed sites (the exception was A.
dumosa), they may not be suitable if the long-term objective of reclamation at Yucca Mountain
is to return disturbances to a form and productivity similar to that of the undisturbed site (as
stated in the Draft Reclamation Plan for Yucca Mountain, DOE, 1989). An understanding of
how species dominant in disturbed sites influence the long-term succession of sites is important
in determining the suitability of a species for use in reclamation. Connell and Slatyer (1977)
outlined three models of succession after disturbance: 1) facilitation, 2) tolerance and 3)
inhibition. The facilitation model describes a process where early successional species
facilitate the ingress and establishment of later successional species (Pickett et al., 1987). The
tolerance model describes a process where species establishment is dependent on whether it
can tolerate the initial conditions of the disturbed site (Pickett et al., 1987). The inhibition
model describes a process where later successional species cannot establish in the presence of a
healthy early successional plant community (Pickett et al., 1987). If species dominating
disturbed sites at Yucca Mountain act as facilitators, then their use would be beneficial for
reclaiming disturbances. However, if the species that readily establish on disturbed sites
inhibit or at least increase the time for establishment of the species that dominated the site
prior to disturbance, then they are not suitable for reclamation. Conditions at the disturbed
sites could be so harsh that species dominating disturbances are the only species that can
tolerate the conditions. Research needs to be conducted at Yucca Mountain to determine
whether species dominating disturbances are facilitators, inhibitors, or tolerators. Results from
these studies will aid in determining the use of these species for reclamation.

Species could also be selected based on their locations in the canonical correspondence analysis
biplot for perennial species (Figure 13, 17, and 21). The cover of L. andersonii, L.

tridentata, A. dumosa, and G. spinosa was correlated with the amount of sand in the soil, with
greater cover of these species on site with sandy soils. B. watsonii cover was correlated with
soil gravel amounts. This species may be suitable on sites where the amount of soil gravel
cannot be changed via topsoil addition or some other means. A portion of the disturbed sites
within the LLG vegetation association were correlated with exchangeable sodium in the soil
(Figure 21). A. canescens and P. fremontii cover was highly correlated to exchangeable
sodium giving an indication that these species may be suitable for use on this type of site.

6.3 NATURAL REVEGETATION SUCCESS

For the purposes of this study, the "success" of natural revegetation (secondary succession)
will be defined as how similar disturbed plant community attributes (perennial cover, density
and species richness) are to those of adjacent undisturbed areas. This is based on the criterion
by which the success of revegetation by site reclamation will be measured at Yucca Mountain.
The Draft Reclamation Program Plan for Site Characterization (DOE, 1989) states "the
objective of the DOE reclamation program at Yucca Mountain is to return land disturbed by
site characterization activities to a stable ecological state with a form and productivity similar
to the predisturbance state”. Using this criterion, plant communities on the disturbed sites at
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Yucca Mountain appear to be quite different from the undisturbed sites in regard to their
species richness, total density, and total cover of perennials (Figures 6, 8, 9).

Across all sites, the perennial plant species found on the disturbed sites were also found in the
undisturbed sites; however, the dominant species on disturbed sites were generally quite
different from the undisturbed areas. Disturbed areas were dominated by species that
generally had low cover in the undisturbed areas. This trend has been documented in other
studies of Mojave Desert disturbances (Wells, 1961; Webb and Wilshire, 1980; Vasek, 1983;
Webb et al., 1983). Apparently, the factors described above regarding seed dissemination and
establishment influence this trend.

The low cover values-and complete absence of the undisturbed dominant species in the
disturbed sites is another indication that natural revegetation has not been successful up to this
point. The dominant species on undisturbed sites are a critical component in providing the
original form and productivity of a site. Vasek (1983) states that species dominating
undisturbed sites are usually long-lived perennials that respond strongly and negatively to
disturbance, and require long periods of time to re-establish. However, once these species
become established, they can persist for several hundred years. The re-establishment of many
of the species dominating undisturbed sites onto disturbed sites at Yucca Mountain may be
hampered by seed production and specific germination requirements of these species. For
example, C. ramosissima, produces seed, on average, every five years, and requires at least a
14 day period of freezing temperatures for the majority of seeds to germinate (Pendelton et al.,
1993). Sheps (1973) reported establishment of Larrea tridentata seedlings after a period of
high temperatures and high rainfall in Death Valley (a rare combination of events in the
Mojave desert); however, only 16% of the seedlings survived after one year. Barbour (1968)
reported that the conditions for optimal germination (in the laboratory) of L. tridentata were:
darkness, a temperature of 23 °C (73 °F), leaching mericarps with running water, exposure to
cold temperatures prior to sowing, and maintaining the sowing medium at near-zero osmotic
pressure and low in salts. The author stated that the combination of these events may be a rare
occurrence in the natural environment of deserts. G. spinosa, a dominant in the Lycium-
Grayia vegetation association, requires a cool, moist, seedbed throughout the late fall and
winter months in order to have optimal germination in the spring (Shaw et al., 1994). The
specific requirements and the narrow range of tolerance displayed by these species may hinder
their establishment in most years.

The lack of patural revegetation "success" on disturbed sites at Yucca Mountain may also be
the result of the type and condition of the disturbance. Webb et al. (1983) state that conditions
of the disturbed site may be so different from the undisturbed community (e.g. degree of
compaction, amount of topsoil, etc) that the resulting plant community may have a species
composition and abundance that is strikingly different from the undisturbed site. If these
conditions persist, the site may never be similar to the predisturbance plant community. Since
the majority of the disturbances at Yucca Mountain have had topsoil removed, bedrock
exposed, or are compacted, the conditions may be so harsh that the successional trend may be
toward a plant community different from the undisturbed sites. Because this is a point in time
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study and these disturbances are relatively young, future visits to these disturbances will be
required to determine a more accurate description of the successional trend.

6.4 SUCCESSION RATES

Average perennial density and cover on disturbed sites was 30 to 37% less than that of

- undisturbed sites after an average of 10 years. The estimated succession rate, based on the
"optimistic" linear extrapolation, indicated that perennial plant cover (without consideration to
the species composition and abundance comprising the cover) would reach that of the
undisturbed areas after 20 years (Figure 11). The succession rates estimated using the
logarithmic extrapolation can be viewed as a more probable rate of recovery because this
function more closely represents plant community growth rates. Vasek et al. (1975b) stated
that secondary succession in the Mojave desert would be expected to have "slow initial
regeneration, rapid intermediate development during an exponential phase, and then slow and
very slow development during senescence or during an asymptotic approach to final
conditions”. Succession rates estimated with the logarithmic extrapolation indicated rapid
increases in cover during the first five years with the increase in cover increasing very slowly
thereafter. An estimated 845 years would be required for cover on disturbances to reach that
of undisturbed areas with this extrapolation. '

The above described succession rates for perennial plant cover do not take into consideration
the species composition and abundances that comprise the cover. ‘As seen in Figure 7, the
species comprising the total plant cover on disturbances were quite different from the
undisturbed sites. If disturbed sites are compared to undisturbed sites with regard to the
undisturbed site species composition and abundance, individual recovery rates for the ten
undisturbed dominant species (based on cover and the linear relationship) ranged from 31 years
(A. dumosa) to 1,100 years (G. spinosa) (Table 1). If the end product of secondary succession
on these disturbed sites is to have a plant community similar to that of the undisturbed sites,
then the time required for this to occur is probably much greater than that estimated above for
the "optimistic” linear extrapolation and the "more probable” logarithmic extrapolation.

The succession rates described above for cover are slightly different, but fall within the range
of those reported elsewhere in the literature for Mojave Desert disturbances. Webb and
Wilshire (1983) reported a rate of approximately 40 years for cover (regardless of species
composition and abundance) to be replenished on disturbances at the Wahmonie townsite in
Area 25. These authors estimated that total recovery, based on the undisturbed site cover,
density, and species richness, would take 200 to 1,000 years. Lathrop (1983) reported rates
of 45 to 112 years for cover and 76 to 212 years for density to recover on areas disturbed by
military maneuvers. The author attributed the ranges in recovery times to the differences in
soil compaction at the sites. Vasek (1983) reported that total recovery of disturbed sites in the
Mojave desert would require several centuries to several thousand years depending on the
degree of disturbance at the site.
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An understanding of the rate and success of secondary succession at Yucca Mountain is very
important for determining the cost/benefit of reclamation. A benefit of using reclamation is
that it will speed the successional process with the use of appropriate site preparation
techniques and plant materials. Reclamation is a feasible alternative to natural revegetation at
Yucca Mountain, not only because it reduces the time required for the disturbed site to return
to its original form and productivity, but it is also beneficial for controlling erosion on
disturbed sites and reducing the visual impacts caused by the disturbance. Reclamation studies
being conducted now and in the future at Yucca Mountain will aid in determining how
successful reclamation is compared to the rate and success of natural revegetation.




7.0 CONCLUSIONS

Secondary succession on disturbed sites at Yucca Mountain was highly variable with
respect to environmental parameters measured. Elevation was the most important
variable influencing the composition and abundance of perennial plant species across
disturbances. Soil compaction, soil potassium, soil gravel and amount of sand in the
soil were other important environmental parameters.

A. dumosa, C. teretifolius, H. salsola, G. sarothrae, A.confertifolia, A. canescens, and
S. pauciflora were the most dominant plants across all disturbed sites at Yucca
Mountain with subsets of these species being dominants in each of the vegetation
associations.

With the exception of A. dumosa, species that dominated dlsturbed sites were generally
minor components of the undisturbed areas.

The form and productivity of disturbed sites is markedly different from that of
undisturbed sites. Using the criterion set forth in the Draft Reclamation Program Plan,
natural revegetation on disturbances at Yucca Mountain, after an average of 10 years,
has not met the reclamation goal.

The time required for cover to be similar to that of undisturbed areas was estimated to
be 20 years for an optimistic recovery rate and 845 years for the more probable
recovery rate. However, the time required for the species composition and abundance
in disturbances to approach that of undisturbed areas may require even more time than
the above estimates.
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8.0 RECOMMENDATIONS

‘Site-specific reclamation plans developed for disturbed sites should include
considerations for elevation, vegetation association, species composition and
abundances in adjacent undisturbed areas, soil properties, and the type of disturbance.
Reclamation trials should be implemented to investigate ways to mitigate, manipulate,
or benefit from the site-specific circumstances imposed by disturbed site location, soil
properties, and disturbance type.

Reclamation studies should be conducted to determine whether the use of pioneer
species (i.e. those species dominating disturbed sites) will enhance the successional
process and meet the objectives of the reclamation program at Yucca Mountain.

Studies should be conducted to assess why dominant species in the undisturbed areas
are minor components on disturbed sites, and how to enhance the establishment of these
species on disturbed sites. Information from these studies will aid in the development
of mitigation procedures for site-specific reclamation.

A portion of these disturbed sites should be selected along the elevational gradient and
monitored every five years to determine if the successional trend is toward that of the
original species composition and abundance, or if these disturbances continue to have a
plant community is different from the adjacent undisturbed areas.

~ Results from reclamation studies should be compared to this study and future disturbed
site succession studies to verify that the rate and success of reclamation is sufficiently
greater than that of natural revegetation of disturbed sites.
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