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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,
Hymenodea salsola, Gutierrezia sarothrae, Atriplex confertifolia, Atriplex canescens, and
Stephanomeria paudflora were the most dominant species across all disturbed sites. With the
exception of A. dumosa, these species ^vere 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 arid 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):

. \ • ." * - -
I ' ;.

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).

'• ' • t

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. .



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 Wilshirej 1980;
Carpenter et al., 1986). Carpenter et al. (1986) reported thai
fields in the eastern Mojave Desert require approximately 65
cover to be comparable to that of undisturbed areas. Lathrop
that the average recovery time for sites disturbed by utilities

secondary succession on old
to 100 years for perennial plant
and Archbold (1980) estimated

^instruction 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 tie Mojave Desert is a process that
may require centuries for the disturbed site to have comparat le species composition and
abundance, biomass, and structure to that of the original plai t community.

Secondary succession studies conducted in the Mojave Deser
serai stages, disturbed sites are dominated by short-lived and
(Wells, 1961; Vasek et al., 1975a; Webb and Wilshire, 1981

have indicated that in the early
intermediate-lived plant species

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
disturbed area. Vasek (1979/80) outlined three categories oi
disturbance in the Mojave desert. The first group included t
Stephanomeria pauciflora and Encelia frutescens. These spc
shrubs, suffrutescent or herbaceous perennials. The second
opportunists such as Ambrosia dumosa that are eliminated af

seedlings to appear in the
plant species response to soil
ioneer or invader species such as
cies tended to be short lived
group included long-lived
ter 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 Eriogonumfasciculatum
which react negatively to deep soil disturbance and are gene -ally removed from the site. Many
years may be required for seedlings of these long-lived pere inials to reappear in the
disturbance; however, once established, these plants can persist for a great many years.

l!

Several plant succession studies have been conducted on the Nevada Test Site (NTS). One
such study was conducted at the Wahmonie ghost town (located hi 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 spctiosa, Hymenoclea salsola, and
Ephedra nevadensis than undisturbed areas. Larrea tridentt ia and Grayia spinosa were absent
in the disturbance, but were dominants in the undisturbed aieas adjacent to the site. Webb and
Wilshire (1980) visited the Wahmonie sites 24 years after tie 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 tr dentata, Grayia spinosa, and
Lycium andersonii, which were dominant hi the adjacent ui disturbed areas. Cover of
Hymenoclea salsola and Stipa speciosa was greater hi the disturbed areas than iii the adjacent
undisturbed control. The authors noted that cover and density of perennials was greater in the
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disturbed area; however the species diyersity'wasiress iKtheldisturbed site.-'The authors
suggested that the rate of revegetation at the old town site was related to the soil compaction
levels. Afe^;^im?highJc6mpacti6nUevels;;had;.ffighep:densitiesiand

: perennialslVand la^ v|
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effects of aboveground nuclear testing (Shields and Wells, 1962; Shields et ail.,' 1963). The
anmial' speci&s&Sdlsola 'kdli$ wasifbuodlto have5the:highest;densityjin;areas^with,,greatesttspil i :f

y3^
l963)^ c^Within'foiir^
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in post-disturbance habitats of the Mojaye Desert, they do not provide adequate information 31
"about successional processes at Yucca Mountain. Past studies did not examine arid measure -7
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association^and specific environmental ivarkbles mfluence:these siiccessional patterns..
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!jst5:0-STUDY AREA-DES ON,

Yucca
characterized, by generally
rugged, £
MountaiiSitself,
slopes'!

y^5itb l̂O*Iegrees);*owatti th6/jeast 'incafse'rj eslb^highly:|disse|ted!̂ dges|0î i5
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precipitatidn data-were^cxjllected from<1968:t6 1992 atf NTS monitoring gauge-4JA in Area 25./
• • ,• . ,_ -Its- /" ___ „ / I /'O (~\ OT~\\Average anuuai preiapiuuiuii wai uu.u umi ^x <ju.> u^y.

precipitation;(25.0 mm ±27. 1 SD) was in March and melowest average monthly
precipitation (2.4 inm ± 4.9 SD) was in June (Figure 2). ^emperatures for the warmest
m'dhth

zone, a warm diesertfoc£urYrng^^^ often called

within these"two^bristic regions:~l&rrea-Ambrosia(CreosQtebush-Bursage), to
\Grayia (Creosotebush-Boxthprn-Hopsage), Coleogyne (Blackbrush), and Lyciwn-Grayia
(Boxthorn-Hbpsage) (Beatley, 1976; OTarrell 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 gen< rally has similar physical
characteristics and species ̂ composition that tend to differer tiate it from othei- vegetation
associations." : ;. • '"-. '" :'-''"
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Figure..1. Location of Yucca Mountain, the disturbed habitat study area, and major
topographical features.
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- 4 . O MATERIALS AND METHODS

« • ; . - . ' ' " . .."::' • " ' . - • - - " • - . ; . " • - ' • ; • ' • • ' • . ' I '

• During 1991, disturbances that were created prior to 1987 jat Yucca Mountain were inventoried
to detennine^AeirvSuitebiii^'iFpr^use.in this study. Sites were chosen if the size and shape of
the disturbance would-accommodate ̂  sites chosen were
not active disturbances. .Fifty-seven disturbed sites (Figure 3) were selected across all
vegetation associations arid the sites were classified by disturbance types (i.e. drill pads,
cutslopes, etc.) that occur in the Yucca Mountain area. Ij

, 'Line.and belt transects were established and quantitative vegetation measurements of cover and
density were collected during July through October hi 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
iikclu cXCccuiug 3 iii. TiaiiScCtS wcic iiiSialicu pcipcuuiCuidl tuiu uuvvllulxi V.AI Siupiiig) LO iiic
perceived direction of water,runoff (Figure 4). ;Belt transebts.(2.x 20 m) for.density
measurement were adjacent to each line transect. j,

I;

4.1 DENSITY ' |

For disturbance areas, density sampling occurred hi belt transects (2 x 20 m) adjacent to each
20-m cover transect. Each belt transect was divided hito ten 2-x 2-m quadrats. Live
perennial species present hi each quadrat (annual species \yere not recorded) were counted and

, summed. The summed values for a species were divided by the quadrat size and density was
_°- expressed as plants/m2. *, - ' <• " ,. .i - . ' j . I - !

*/ -i' j '
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/m?.

". 4.2.: ;;/COVER ^ ;;•,:; _;:.^:;, • • , ' • : . ' • . • / !- '"• : .\ X.V,'.:'
Within disturbed areas, at 1-m hitervals a long each Ihie 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 frkction), 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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:-!•• "

'':•'. •.^r««-" Aoj^sjj^iurfece. »jA
^•/is '̂oWi-'r-iiivi J^:i ^lujf^Ce.

errprs

For disturbed sites and undisturbed (ESPs) sites, individual
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density and cover values for the experimental units.
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' Individuai^islOTbSd^t^^^ unif.for analyses used to explore !r; .,4? ;a-3cr
• ' . .• • -. • . T • i . -v ' t .- ". f. , •' ' • - • . . •

;. ; relationships'}ambng slte'denisity'and:icpverif and environmental;variables.itilndividual-sites w.ere?,
' ; B K : A ̂ chosen as e^erunentalnnite;fof-the^ji^^

and.because environmental variables such as elevation, slope, aspect, age and precipitation V v.
;?rpoin^6ne1qua t̂̂ î  Ha*multivariate]i •«! I
iicoVl?trts<iV'iTri'tT\«i';i'*»l5itirtncViir»c1'>Tnr»no.inrlivif1ii'il f1ictiirK<»H citoc onrl' -«, ̂ -. 'statisticallpael̂ ge|̂ was used^^cMim&re^ion^^ jycp.'

their associated envir6nmental; variables^ 't CANOCO uses canonical correspondence ̂ analysis ^
(CGA^^faii^ioff^ sinularity> to $?<&.
each 6the£o¥sfo,e'fi'6f stb i^siJciMed^nl^nmen^vfac^ Goker4l992)),!and aniiltiplejtrS5 ̂ al ..;.,„•
regression (teFBn^^So^^relate patterns of?sunilarity«inisites or plant spe6ies-iwithIrc--?.'(v.!"&
environmental variables that are correlated to this pattern (Kent and Coker,1992). CANOCO
then tests rne^sighMcMcetb^^ Braak,8 :

Dominance-diversity (alsb^l^w^5rahkTabundanc^),cui^esiwere^used:tQ^
sudcessional status of disnirbed 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) info one diagram and allows comparisons of these attributes to

vi*bther -sii^rvli^ proportipnai aburidances^of species for isite§^
•• or sites on a log scale againstmeir rani from most to least abundant, tihus' forming a {curve that

can be used in describing the evenness of species distribution and relative species dominance
(Kent and Coker, 1992).|:If a sitefhas 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 compietely different species ranks and shape pf the dominance-
diversity curve than mat of another site1, this may indicatei 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 (La years) for a given
vegetation parameter at a disturbed site to recover to a point that meets or exceeds thatpf^.-,'-'.
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 etal., 1975a b; Lathrop and
Archbold, 1980; Webb and Wilshire, 1J980; Lathrop, 1983; Webb et ah, 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

11
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characteristics of disturbed

''iv'-;':;:j'-:;:'-;"'/r'''.' ^'\-'.;:-:'•:'': \ - V;.' ' • • - " • ' • • ; ' • ' . - • " • • ' - . • • "j.-'vS-i
VEGETATIONlGHARACTERiSTICS\ OF DISTURBED vs. UNDISTURBED j5-1

5.1.1 DENSITY

Tptal perennial plant density; means .were 30%, greater in undisturbed areas when compared to
d^tarbancesl(Figure, 5)^^erage|shrub^ and grass density was higher m undisturbed ̂ las than
inSisturbances; however, ayerage|forb| densities were ̂ 2

•.5) '̂ Plant sp îes j^^^i^hest mean^ns $i^ were ;; - j>v^i j
:; Cfi^o$a/n^ tejne^^
'^pauciflofa, llMEj^^im
'̂ species generally n^d low mean densities'"in the undisturbed areas ̂  Ephedrti nevadensis , '
jjCdlepgyne ramos
|had high mean <
^vegetation in disturbed];

bnTdisturbed sites was. • *•?*•
ij sites
canescens,

(FigureS).'
jmponents in

; the undisturbed^areas;thowever,.5ayerage,jcover;,pfi/f., salsola and A. confertifolia at disturbed
£r'! ™, 3r * •«»••"--7W«***«v«*flS^i.. -i,-.,»tfcdiwMliatb,^*-vr . ̂ ^ V^^Aji.î iiJAli.,;̂ ,;,̂ ,,..«,!„»» ^ • irf,*.:-,, A-^ ̂ 1 .'...̂ ^M.̂ :. . . » / * / , . .

gsites was comparablejto that of undistiKb^a^ ;
";jhavhig highest cover means acrdsTift'iffldis^ nevadehsisTcri*i ._ ' -ij*' ?jf?y ! • • «••>»• f\i • - .*> f ('•'• a • •
^ramosissima, M. spinescens, andL. andersoniivi'tfh the additions offLarrea tridehtata 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 hi the undisturbed areas (Figure 7). These differences are a

13
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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 ate not shown. See Appendix Table 1 for species code information.
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Figure 8. Mean cover (±SE) of perennial plant species;found acrolMlrdisturbed and undisturbed sitesihyeritoried for the
disturbed habitat studies:!! YucWMotfntiai^NVr "Eig hlteWlsplecl^ off disturbed sites are'not
shown. For explanation of species codes, see Appendix Table 1.. }
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Yucca Mountain, NV.
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|{ reflection of th^effectirthat soil a^d'vegetation'disturbahce: have-on these cover-attributes.,.-/
I The scrapmgjpr removal of soil at the June of disturbance has led to decreases hi plant litter !

'"> Cdueitb the destruction of theperennial vegetation.; V '•'•:•' ?c -- ir :V • , ? -a : >i • ,; 4^
' • • ' : .=|;r2:'-";;:,.'': ;:î y|f.f*;: : . • ' ; - , • ' ' " | " - ' ' ' . ' . . • • Vv^.V-" • • / ; ' • - -':; v .-.'" ' • " • ' " ' . ' . ] • ' - •

*• Average anniiai'=piajQ.flx)ver was surprisingly greater on • the undisturbed areas when <iong|Jared !

tQ;disturbed areasl(Figure 7). This may be a artifact of the data collection. .Annual'.jsptpies,'" ]
datafm undisturbed areas was collected during the early'spring, when many of the annual r
plantl were actively-jgrdwing. Annualjlplant cover on the disturbed sites;was collecte^tluringr;
th%r summer and; early fall when many of the annuals probably had died and disappearedpjy this

iS,»"KP -•' • *i0'iS4?- ,\ ••". • "" • • • Y ' J ' •' • • - •.' •• •'•;.' ' k ' - • • • ' • • •-T'. •: ' . ' . ' . . - '.^-» .- i. -rf^tJJ . • ;.:-

tinie!| Anothers reaspn for the larger amount of annual cover on the undisturbed areas may bej
tbfe influence ofjjrpfnus rubens, which had the highest plant cover on undisturbed siites|i(Figure
10).|rhis cover^mean was almost'3 tunes greater than 5a/5o/a zftencc whichMd meihighest !.;,
a|iaual plant clwe^m^distiirbed areas; \S.:ibenca, Eriogonum deflexion, and Halogeiptf--\ ]

I ghmeratus haSjtheriighest annual pWt cover hi me disturbed sites, but were mmorj ^| K
components oKcompMtely absent :fronl undisturbed sites (Figure 10). B. rubens and Anrnndda/
tessellata had the highest cover hi undisturbed areas, and were major components of the annual
plani^ensities-midisrarbed sites (Figure 10)—^ ,:
•*• ^H-.." cSi--'• - -• - *. '*v>-"-— : ,_$ • ' .^- , - '_ , . - • • . •- j[ , .jf . -• . . . . - ' •jg&*j:.-;;/;(.. •-.'-^^:-:^[•;,;.;,-• r;.' :;, :- -.-[ ; . .^ ._ : : - - ; - ; .^- . . . - . .

Wt

„•;. ,vf-V"; •""••Ssiii3:-': •«;means for all disturbed and;uridjstiffbed;sites,: se^ojad^ry ?ut»essipn
, . _ _ , . . . . , sii^ linear Mdnpn-lme^

Tfie linear regression is meant to represent an "opturiistic" rate and the logarithmic function '
regression is meant jo represent a probable succession rate since this function is more \
ropresentativetofaplalPgrowth and successional processes. An extrapolation of the linear }
regression indicated|hat perennial cover on disturbances would reach that of undisturbed areas

"afterj20 years.^Extrapolation with rnejlogarithmic function indicated that disturbed site »•
^peregnial cover.,wUl ,be 80 percent of the undisturbed site cover after 130 years, 90 percent

;| Saft̂ er|?30 years^idfpO^percent after 845^ears. sThe:gap hi the number of years requured for
•••-•'« jtji-i-i—j sites to aenieve 100 percent cover of the undisturbed sites for the Ihiear and

f^ft &'£*?»*• •*-: ; « ? v . - . . ' • - • * I ; . ' i i " . • ' . . . . • • • . . ' • ' ' > -

g logarithmic estiniates^is quite large and a result of the differences in these functions. For the
' ;§ lineaf furiction?Wl.mcrease hi perennial cover is equal over tune. However, for the

"vl :Jlpgarithmic functipnjlperennial cover increases at an hicreasuig rate durhig the first three
fS years] then increases;at a decreasuig rate for me remaining tune. The results,of the regressions
f' hi Figure 11 fwhether'lmear or logarithmic, should be mterpreted with caution. The
g succession ratesidepigted^are;for,t6tal.perennial cover of the disturbed and undisturbed sites

; arid*|oes not take/?ihto^nsideratipn what species comprise the coyer of the sites.

of
.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. ardersonii, and G. spincsa were 418, 425
i and ;i, 101 years, respectively. Species such as A. confertifolia and H. salsola had

; . • • ' • 019 •• .-
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^ Table l.~;Estinaate^fratesfbf;^
Yucca Mountain, NJV\ vRates were calculated5by multiplying the ratio of
the average age-ofthe site. Succession rates.are given for individual spe
fytium-Grayia !^GJf,lMrrea-Lydian-Grayiai^\JG'), Coleogyne (COL), ~

;' associadons. Succession rates based on perennial plant density are \
indicate that thissi species occurred in the undisturbed area but not in
Sierefore a rateicannot be determined. Species having a blank indicate
or undisturbed areas represented by the column.

bund in disturbed and undisturbed5sites at
odisturbed to disturbed cover or density by
es averaged across sites {and within the

ih£*Larrea-Ambrosia vegetation ?
testcpmbined. Speciesthaving a "?",* _
irbed^area represented.by the column;

:;they, did not occur in either the disturbed

4V

r
Scientific name*1

ra

lAdamptgpappus shockleyi
^ 'Ambrosia dumosa |

'Aristida longiseta ^
Aristida purpufea
Artemesia spinescens j

'jftse. '

.«gv £hrysothamnus visadiflorus
^t ^oieogyne ranwsissima

^D^ichelosiernmapulehellum
Q^Echinocereus engelmanii^•;£5v>-^s , , -: V;«°(^^ . ',

¥| ' EcMnocactus polycephalus
.. ̂ Q^ ' ;H ' . 's .

"*"* Encelia virginensis'
.5 Ephedra nevadensis

- & f* ' ŝ |, ssl • /
•p; 'Ephedra viridis "|. /
'̂  EriogonumfascicuEatum
§H Eriogonum inflation /^^

Eridgonum mcrdtMaim''
Erioneuron pulcheUtan

'•' Eriogonum umbellatum
Euphorbia atoamarginata

•y Grayia spinosa ~

•"'-%
: ,,«s

««?

• " ' . f^
Species^
Code

-*%&
ACSH ".
AMDU
ARFE
ARPU
ARSP
ARTR
.$• . •.-,:.•

ASLA
ATCA
ATCO ,
|RWA
IACH
CAFL
€ELA
CHNA

CHTE
CHVI
CORA.
pEPA"
DESO
DffU

JECEN
ECPO
ENVI
EPNE ,
EPVI/'
ERFA
ERIN
ERMI •'•"
ERPU
ERUM
EUAL
GRSP

.-g*i#:-

1101

"22

! Pensity
AU

Sites
1487

48
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î «?v,>~A-' v- -v.-;,-- - .v A..'
~;M^%J^̂ ;/OQ ;v"t,i.;-^^;?''\ '",,;}''.'' -*~ ' ' • - « . • }

j.-fifpSf-''?,v^:sS'l- •.•:-'.'/ • ; . . ' " , ' •
JhvfKs '̂̂ SlX:"' ; ' : " • " / ' "v.

••'3^'
-:,*%^f-\^

"».*''-'•'•/•"O-,.r ' -W;K**- .-- ; .

r;isr-.'-'v'.• - - .^- , -_? •
i, ̂ -^*: •"" 5.
;..^.-139;:

.! 'ilw
•I, i.if.lwV- . • .

I :ll'' 36 -
'*:..t...

•f=^r
,0

•aa/«iiEE*ar̂ «,*»:f/<?*•;

10

2
912
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Table/I y Continued :!ltr

Scientific name
Gutierrezia sarothrae
Haplopdppuscooperi- f'.:1

Hymenoclea'salsdla J?*5 P A
Juniperus osteospermaf&\
Krameria'parvifolid'A &$&
Larreatridentatail :fei*|f|
Lepidium densiflorum
Lepidium jremontti
Leptodactylon pungens
Lycium widersonii

J W i M ^
Muhlenbergia'porteri;? g|t

Psorothanrnu*
Psorothdmnus:pofydenius<Jp w^j
SaLazjarja mexicangf^ >?j ^,
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succession.rates ofe6,and &£e^^
from disturbance] Again, these estimates are based on the a
successioriasslinear, so these values .should be; interpreted/as

•-••«H"-y^«V~«-?v»^?.'V^a^^>-B|.?î ^' ' " ' ' " ' ' ' ' '

5.2 DSTURBANCES

For determination Pf the: influence of important environmental
succession, perennial plant cover was chosen as ,thefanalysis
was chosen over clensity?and total plant cover because it ;dbe

^variables on disturbed site plant
variable. Perennial-plant .cover -,

' <• •; {'".. - i ; • • - • * • ' " - * *» i

opt fluctuate widely from year^to
year. Total plantcbver Jfluctuates yearly*due to the -influehcjerof annual plants, and plant < v ^

in oiie year that may die before \
heibest variable for point in time
5r.(uitegrates plant frequency, * >

density numbers can be skewed by an abundance of seedling
the next-year. Therefore, perennial plant cover is probabjy
comparisons such aS m this study?;Alsp,?perennialfplant oo\
density, and size {(canopy area) into one analysis vaf iableJ

5.2.1 SITE CHARACTERISTICS

Using- the^perennial^piant cover species ;means and me mean
snninefor mdividual

the enyiroitoenl4 ^i^
;(CC^) plSjnation|p^
gravei ;^§'-mm-;i^^
< 0 . 05) environmentol variables (Figure 1 2) . In Figure 12
mfluencmg ; envirpmnental variables is presented.
geometric; shapesmithe ^ t i .^^<Met ; . l i^

CM^

composition and abundances. The arrows projecting from tl
• v ' " ' •1"**^ f* " '* *' '"

hi
betweeh^me Jsites

• • 5" ' ' * "
enviromnental variables and are mdicative of the direction apd
of the envh-onmental variable ̂ (Kent and Coker,
the greater the amount of change'm me envkonmental varia
arrow c^i be projected Backward for change m that du-ecfio]
that variable is toj the ^ sitejordinatipnrdl^lines are drawn p,erj
particular environmental variabie arrow toward eaclf of the i
i . ; ~ <. • t, -• ' ' . ' ' . t1 . ¥• '- . •' |

perpendiculars close to or past ttte end of the envh"onmental
correlated to that; variable. The yariabiliity hi disturbed sites
environmental variables {pan be seen m the CCA biplot. : A
to low elevations! with high soil potassium and sand content
Other sites were highly correlated with high elevations and

j * r\\ r*' ' • -'• -~-.'* '^*^J •,: .-V"-J • • • ' • ' " • - • ' *and' 10) .~ '™-»*-""'~-'"'»w-'«"-"^<":w-^->-'-^«'

c24

quickly these species recover
. StJ-.-iijpSafS.S&^SUsW r -, i f-t, _^n -i

sumption that the rate of
aptimistic.

4, J

Values for envkpnm^^i^iiables^
<jpatterns .of smiUari|̂ np|̂ aMpi,f"
K ntraical c«fes$oMeî iumly|is®&

tosfe-fc:!. -: •-'-,- .Y :•; l̂ ^&^SS^S f̂î ^ r-
rcenfcsand in:the;"soil?ipercent̂ ?8W
Î tiy-i'SS1-:'.'''' '%'•' -•'%» 4*i;fS£tf*~ i3^ *̂'W?'<l£*- V- '

inpactiipii)'-|were'SigiiffiGantl(pi |̂|̂ l^

pdfsites;are repr^el^ibj^afe^iii-

rti-- •&•• ,s*ii*SSSS3*5S!Ĵ «v«1£8,-:t.''. sk>J?,;"

5^igiri'are"tne'clMMa^x^r-":s""<''"'^'
"proportion

Beater the
ev|br that
i^atnd the more highly^ccMmEilatelcl^
miiicular from the jproje^tiion'of 5a
tes^' the sites ha^ng^'4'^^^^^"
/ariable arrow'ar^e'mbfe^osely f

n relation to the dpmmant ,
f ortibii of the sites wefe^prf|ia^i
* *^ sites 1, 35, 39140^12(156)f
ompacted soils (e.gi sites 8, 13,

C

f



' H.08 '-

O

10 gslajjhEV-POITASSIUMa i

-•s.": wo: aals j-m.H^ n;.

'EpEVATION
l«%t»3?ras iios ^65 •My 1 < te?^

' -

/ ' P fl^hi gbJt i

• : "3g§ f'fc;"xgS&gmstJpfib ac^^&gJtiyB^4^ 3'{$$n&yy :;.'
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a-'B^Kaî aisiiK

d T - . C I

... . • .-:•• .. •- . • .-Vff:.-*f •,•-•---.••"•••"?:-/^sri-r-A t"L-.>:i . . / . ' , ";'.•'... ' . •.• ' .• -i ' ••• .- ,:-.'•:•>• •• a-- • ' , >>-. ' , . .'.j:.-f';-, •- ••• •.- ' .:
:^;:0 ••-;-•:;;',v^v^:S^.l^S^£'v'-

^^di3^ift\^iMdTgv";4^!i^irfrte''»^ 'oiL^H)''. £^i€ ̂ ;eî  3K1fe:î '/;̂ 3%1 ,
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5.2.2 SPECIES CHARACTERISTICS

I The influence of ehv.tfomneiital variables on the plant specie
13. The influence of a particular variable on a species ;canb

I- •• • ' • .*. . -.'. A-SjJgf*."'• ' •>:•-. ., „• • ; • - • • : e .; \ -.-•.-•,

describes above for sites. Acamptppappusshockleyi,L: and
rf«/?wwfl|occupied disturbed sites atjow elevations, with sahdV
potassium. In contrast, 'Q, ramosissima, Artemisia spinescens
Machaeranthera canescens, andM. canescens, mhabitod di
having lowpercentages bf-sandf and pbtassium hi the'soii
pulchellum, Lepidiumfremontii^and Chrysothamnusinauseosius
disturbed sitesJhavhig high percentagesjof gravel > 2
potassium (Figure \3).,fDelphinium^parishii and
sites havhig high percentagef'pf«san4,and pptassiumyin^the

dist irbed

i^ere(inprejpreyalent on
mmfilibw^soil penetrability, and:low soil

(O/tfz'/loccupied disturbed
|, Jiigh soil penetrabUity^and
^'^fH; salsoldi "Eiinflatum,

\j.G>iS*n •*

SCll

small ain^nTs'oT^raveXSNo^ceTmat'sjgelci^^ch as"
arid 5. pauciflora that hatl relatively tiigfi cover*valuesHn tfie disturbed areas (Figure 8) are
:!ustered near the origin. This may indicate that these specie s occur in a variety of

^disturbances, and are not strongly influenced iby a particular,, myirpmnental variable.
' • • • : • • - • & * •

means the only
listurbed sites. These

The envkonmental vajriables presentecl uTFigures 12 and*13
'variables mfluencing species c»mppsitiotf:iafd,abundance on
environmental variables tvere correlated with'dlSer variables (see Appendix Table 2); however,
those shown in th? diagrams ̂ Had the highest c»ireia|iqnstwitii the species and site CCA
Ordmations." 4 ~s-r/-vAI ..&.

1 - 1
,5.3 t CHARACTERISTICS OF DISTURBANCES WITJHIN VEGETATION

ASSOCIATIONS"

com position

;xamni

The influence of environmental variables on sitejspecies
;highly variable among sites (Figure 12)?* Because of this hig
disturbances at Yucca Mountain are not equal and cannot be
revegetatioji. ^Biejc^usjBjpwh
a vegetation association scale,? it may be appropriate to, e0 j iayf^»« "" , *"t»i ' rf\,j-.,r-v -' •••'
within yegejtotjpji,assp |̂aUojQS^^ Vegel^ona^sojcia^on
species composition and physiognomic characteristics,
soils,'moisture, and temperature regimes that have allowed
thrive. In Figure 12, the vegetation association of each site
to right on the graph, the vegetation associations generally follow
represented by the arrow projection. This elevational gradie
and temperature differences that exist as one moves from
explaining-the groupm'g'Of^vegetatiorirassociations along the
elevation/vegetation association gradient appeared to play a s
composition and abundance at disturbed sites, sites were
and CCA ordinations v/ere conducted to determine what env
species composition and abundance;within the separate veget]ation

26

qrdinatiori is presented hi Figure
i interpreted the; same as
Tspnii, L. tridentata, and A.
soils havhig relatively high ,
^Haplopappus iinearifoliiis,

sites at higher elevations

* '
: r-'

and mean cover was
variability, eharaditeristics of

treated as such when planning
Mountain has_been conducted on

disturbance characteristics
Sl-JSn.*! ' ' .|

ant jissemblagesihaymg similar
associations have similar

similar plants species to grow and
is represented. As one moves left

the elevational gradient
integrates the soil, moisture,
to low elevation, partially

levational gradient!" Since the
trong role hi the species

vegetation association
ronrnental factors influence plant

associations.

Vegetation

it
high
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iFjgure.l3viGanonical,cprrespondence analysisiCGG^jbiplot^for,perennial plant
species and associated significant environmental variables for disturbed sites at Yucca
Mountain, NV. For explanations of species cpdes,fsee Appeirdix :Table. 1.: /....
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5.3.1 'Lycium-Grayia Vegetation Association

Fbr disturb '̂sites^where'perennial'cover'data was:collecte(
(25) were Iocated5in the Lycium-Grayia (LG) vegetation ass
fbrbs'I grasses ^Infi^nnibs* was substantially less than that of
association (Figure 14). Bare ground, cobble, and gravel o
disturbed LG sites. However, plant litter was less on distur ed
of the; lower shrub cover on these'sites (Figure 14).

ndisturbed sites in; this: vegetation
ver means were^eatCT for toe,
-J sites and this may 1 be a result 5

Undisturbed LG sites'had more perennial species, present <(4i
(Figure 9). G. sarothrae, A. confertifolia, Crieretifotius, /
salsola hadjjthejhighest perennial plant cover means in the,
E. neyadensis, G. spihosti, L. andersonn^Eriogonumfasdc
T-T 'i. . i i _ _i Jt^2fc£i/"^'i_' -•--—• *~i _i A *?::. .1 i ;_j t.

eto turbed

H. salsola had me*highesKperennjal plant cover^onjindisturl
these 'species—G:spinosa and-Lra^er5dm7,|fprrwhich ffie^v
were completely absent from the cover measurements at disti
neyadensis, E. fasciculatumtasidH. cooptri-^uieundisturb
greater, respectively, than the cover of thesi'species in *c~"'

Domihance-diversity curves (also called rank^abundance dia| rams)
; disturbed LG sites ;are presentedfin Figure lp. In|this study
used to examine me successionai status of disturbed sites coi

than that of dismrbieii sites (31)
canescens, C. nauseous and H.

EWV(Figure !l5), whereas
latum, Ha^Jopappus^coope ,̂ and
edjsij^s (Figure IS).; Two *gf-•",••• .'..
gelation association^ named,
rbed sites. Cover of E.
d areas was 21, 38, ,and 10-times

me*d sturbed LG

If disturbed sites have comparable curves to' that'ofundisturl ed
are relatively close in then- successionai status to the unHistuifbed
cover; values in the undisturbed areas are at least present in
indication that the disturbed sites are on a successionai

:^compositibn^^and -abuno^cebf-the undisturbed-site^--Iri-Figui
dominant species on disturbed LG sites but is not one of me
LG sites. A. confertifolia, C. teretifgtiusijaod A.̂ canescens
disturbed areas, but are found much lower in the rankings o
nevadensis, G. spinosa, L. andersonii, and E. fasciculatum
undisturbed sites, but had very low rankings or were compl
sites.

Average age of LG disturbances was 9.4 (± 0.3) years. Es
individual species encountered on LG sites was highly varial
such as G. sarothrae, A. confertifolia, C. teretifolius, a
on the disturbed sites'*haH"estimated'succfessibnTates 6f-'8 to
as E. hevadehsis-2JL\.dE. fasciculatum,^ that were dominants <
estimated succession rates of 400 to 700 years. ?-:'- '4& m <>;\

CCA ordination of the LG sites hidicated that soil potasshra
growing season (October to March) precipitation for the firs
significant environmental variables influencing species comj osition

28.

,. •• . ' , • .1 ••.•••__•• ..- .
approximatelyiialfnofthe sites
nation. Disturbed site cover of

€

•for undisturbed and
dominanceHdrversityfcurves were

, - • ; . - . . - " • • • • • - ^ \

pared to that of undisturbed sites.
sites, then the disturbed sites
sites. If species^having high

-vV'>-'w''x-i • • •**••' '•'•• . "• i -'&#: .•xxsts&ffiw; L , i -visit! * ' '•>•« v««5 .*.". •-.»iaB«saxe^6^<j;-son«B |̂|Bf;Qle^
dominant species in undisturbed
lad high cover rankings in the ,
undisturbed LG sites. "£. ,

me highest ranking cover on
ly lacking in the disturbed LG ?

lad

imated succession^ rates of
e (Table 1). Generally, species
canescens, that were dominants
'6 yearsJ^Hbwever, species^such
undisturbed LG areas, had Y

elevation, and the sum of the
three years after disturbance were

and abundance
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Figure 14. Mean cover attributes (±SE) for disturbed and undisturbed sites inventoried in the Lycium^Grayia vegetation
association at Yucca Mountain, NV. .
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Figure 15. Mean cover (±SE)-of perennial plant Species found on Disturbed and undisturbed, sites Jn
Lycium-Grayia vegetation association at Yucca Mountain, NV. Ten species found on undisturbed sites with cover iess than
0.05% are not shown. For explanation of species codes, see Appendix Table 1. i
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(Figure 17).; Asf-for•all-sitesr'elevation-appeared to influenc
elevation range is much less (1,230. to 1,500 m; 4,000 to 4,
l|78l6 m; 3,300jto 5,800 ft). (Apparently, the elevation ran
gradient mjthejsqil^ moisture and temperature regimes'. An
Fjgfre 17./:Sites-that were positively correlated with elevat
tfie. precipitation yariable^-jThis may indicate that the specie
species at the higher elevationgLG sites were less dependent
years after disturbance. |Me species ordination for LG sites
$tfwbrium qltissimum, land AljjpQnescens were correlated to
(FigVe 17). L.\tridehtatla]W2& corf|lated to sites having grr

._ precipitation three years^after disturoanpe, A. confertifoUa,
<s_sgiriJ!scens werejcon-ela^itohighelevation|Sites.| '

the LG sites even -though the.—,
80 ft) than for all sites (1,015 to
; within LG sites still creates a {
ndicationof this is apparent in }• ;
n were negatively correlated with
composition and abundance of;
jn precipitation for the first 3 j
indicated that Hilariajamesii, !
sites haying high soil potassium
ter amounts of growing seasonh

\iachaeranthera tortifolia, and 'A.

. , ..... .....
•>i' 573.4 LarrearLycium-Grayia Vegetation Association' ' " ' ' ' • ' • ' ' ' ',

Fourteen of the disturbed sites in this study were located in
J^-.vegetatioja association!, ^verage.forb, grass, and shrub cove

•-•- >-v '"/^ , |

l.oito 2.4 timesl less than that measured in undisturbec
Ebare ground and igrayel cover was substantially|gr
--_''.!^'f :. ••••!>-» _ »^ * _ ^..^rtL- __ * ; I * A A L . J- _•„ T T xi J ;_ A ' tJ _ j (_ _l-j"Vl^:

e Larrea-Lycium-Grayia (LLG)
qnjhe^disturbed sites ranged i -
..p sites (Figure 48).L-^As with -the;

atlrvm.thejdisturbed sites. In
LLG disturbed !and;u1 disturbed'

iPerennial^species richness in Undisturbed LLG sites was slig tly higher
;' M^sitls' (Figure 9)L:H+salsola, 'C. teretifolius, L. trident
highest mean cover on the disturbed LLG sites (Figure 19).
oilyjspecies that was not measured in the undistiffbedJLLG
A? dumosa 'and Krameria parvifolia 'had the highiesi mean p
Mean cover of E. nevadensis hi the undisturbed areas was 2
distiirbed sites and K. parvifolia wasfdbmpletely Absent in th

Dommance-diversity curve comparisons for disturbedland u
mdieatiori that species such A. dumosa, E. inflation, and poskibly
apprbachhig coyer proportions sunilar to those 6tfuMsturfc(^ LLG sitesl(Figure 20).
Succession rateis for these species, based on an average'ag^
ranged between 14 and 29 years (Table 1). However, E. n
disturbed cover, rankings and had an estimated successional
paryjfolia was absent from the coyer measurements (Table
rfevadensis, and the high ranking of C. teretifolius hi the dis
that'these sites are not yet approaching the successional stati

CCA ordination of LLG disturbed sites indicated that elevat
and exchangeable sodium in the soil were statistically signif
variables (Figure 21). Again, elevation was a significant vs
range for the sites was 1,100 m (3,580 ft) to 1,315 m (4,2*

32
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|tnirf that' in disturbed
and A/ftumosa^ had:the <i:i:

Of'these jcljeT'' '"" ' '""""" '
tes. >L
ver on uridisturoed^LJ^^ite^
4 tunes greater than that in the .

disturbed sites; ^P i ' ."P^-fe.

'• . l^f:73^:;-1:,:]:.
disturbed LLG sites give an |

L. trideniata, are !

f 9.3 years for LLG disturbances,
vtidensis ranked low in the j

ecovery time of 226 years. K.,
The low pranking of E. , ]

urbed siteswiay be jan indication
of the undisturbed sites.

on, percent soil organic matter,
ant (p=0.03) environmental -t
;able altiiou'gh the elevational
i ft). Apparently, thisTange
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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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Figure 18.' Mean cover attributes (±SE) for disturbed and undisturbed sites inventoried in the Larrea-Lycium-Grayia vegetation
association at Yucca Mountain, NV.; '-. f ~ ^?;\-; ; : . i | ^ : • ' " , . ' •
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Figure 19. Mean coyer (±SE) of perennial plant species found on disturbed and undisturbed sites inventoried within the
Larrea-Lycium-Grayia vegetatibn a^ocTatiorrat Yucca~M6^ntain7NV.T6uFspe"cies found oh 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 20. Dominances-diversity curves for relatiye_cpverj%) of perennial plant si)eciesjjh disturbed and undisturbed areas
within the Larrea-Lycium-Grayia vegetation association at Yucca Mountain, NV. SpeBes^hown were*fliT'" "" "
species in both disturbed and undisturbed areas. For explanation of species codes, see Appendix Table 1.



ji:&>fc7k*:-fe:̂ ;&A

|'^|^p2|0^-^"ISv*^ 3

£.•*•
< : - •

s^w-E^^jfeiB^u-Jor> • ,RC?

? ijKsytx&sA-- vklfeae

-1
,_€CAAXIS 1 : ....:_-•: ;, ., ,, ,._.._ ,

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 S.^For explanations offspeeies codes,Jsee Appendix Table 1.
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; influenced the moisture._and temperature regimes ;enough. to ihfluencejhe .species composition
and cover of theseJLLG sites. :

The'.'influence of organic matter may be related to site age
.hi perennial plant density and cover over timef organicjmatte
original topsoil and vegetation may have remained at the dis
and 48 (Figure 21) were plots that haS higher Wganic matter
sites had crushed vegetation and little or no topsoil removed
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with organic matter. H s>
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- • • • -v •, :<.• -•::: - . • • 'j: -.
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elatip^ojf pereniiMf plant cover

sodium in the soil are generally undesirable tojmliny plants.
spp. are adapted to' high amounts of sodium in the\soil. The

• sites mdidated thatU. canescens was correlated to the exi
21). High soil sodium may also be detrimental to plant estat
shown in Figure 21),]^Jugb^exchangeab^^^
perennial species present on the site at the tune of data colledtion

5.3.3

jh amounts of exchangeable
rlowever, pfaiits such Atriplex ;

species ordination for the LLG -
changeable sodium in the sdil (Figure

ishment. Sites 50 and 51 (not
10^24 ,̂-respectively) and.had no

^^^M î&&--M-W-'^Ixi^ftr^,-,-...;.,-. located
two time¥More perennial

Meanibrb;c6ver;in disturbed' ^

VEight of the disturbed sites sampled; for perennial "cover were
vegetation association. COL undisturbed areas had approxin lately
plant species present than the disturbed COL sites (Figure.9)
COL:sites was comparable tb;undisturbed sitesi^igufe^

;^ the xlisturbed -COLIsi^, J|t^..s|[irub,cpyer W9s-almojst| '̂.tim
^:CQL:sites. As with^^6^Bl^^isgetatidn'''̂ scfciafioiij^are''gr

was greater,^ancfpjaht litter cover was considerably'less on the"distufbed COL sites (Figure

C. teretifolius, A. canescens, 'H.-jamesii, H. salsola, and M.J . ', . .i-'-H.---'-— ' . ' is ewjs 5sswt(8jj.i'"> '
cover in the disturbed sites (Figure 23). *O£ these^spjacies, M
and A. canescens was a minor component hi the undisturbed
the highest mean cover hi undisturbed COL sites, 'and this a
greater than that in the disturbed areas. A. dumosa, E. nevaaensis
parvifolia, and L. andersonii followed C. ramosissima in.ha1

undisturbed COL il

absent in the COL|disturbed sites examined hi 'this study.

A comparison of the dominance-diversity curves 'for Viisturbe 1
an indication of the difference hi the successional status of tl
(Figure 24). Although; C. teretifolius and A. canescens had
disturbed sites, they were not major components of the undi;
ramosissima in the disturbed sites is encouraging, but;this
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Figure 23. Mean cover (±SE) of perennial-plant sfcecieis found on^jsturted>nd undisturbed_sites inventoried within ttie _
Co/eogyne vegetation association aFYuSc^arM on undisturbed sites with cover less than
0.05 % are not shown. For explanation df species cbdes, see Appendix Table 1.
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Figure 25. Mean cover attributes (±SE) for disturbed and undisturbed sites inventoried in the Larrea-Ambrosia vegetation
association at Yucca Mountain,
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Figure 26. Mean cover (±SE) of perennial plant species found on disturbed and undisturbed sites inventoried within thetarrea
-Ambrosia vegetatidSlis^ocia^ion at Yucca Mblintain^NY:^ undistiirbbd- sites' ^
are not shown. For explanation of species codes, see Appendix Table. 1.
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5.4 CHARACTERISTICS OF DISTURBANCE TYPES

il
S
.5'

Theltype of disturbance (i.e. ;borrow area, cutslope, drill pad, etc.) may be an imppitant factor
influencing the succession on a disturbed site. For example] succession pn a borrow-area may
be quite different man thaton a cutslope just because of the differences in slope; -HoweverYJin \
thisjstudy, differences hi plant succession on disturbance types are overridden by me influences
of elevation. The influence of environmental variables on a 1 disturbed sites categorized by i
*"£.-;, **i f I *'**"* -; i \ • '. ' ' f - ' •- . f, , - - • - - - • ' . * - ! ' '

disturbance type is presented; in Figure 28. "yThe;high variab lity in the locations"of the various
disturbance typ6s on the grfpjh gives an mdicatibn that eleva ion had a stronger hifluence on I

. species composition and coyer of disturbed sites than did disturbance type alonel CCA i
ordinations conducted for^ach of the disturbance types generally had thejsame environmental
yarEbles with High cbn-elations as 'those depicted in'Figure 28. However, an examination of
the Characteristics of disturbance tjrpes may provide information about subtle differences hi the
disturbances types that can^aid hi the development of revegeption plans for disturbed sites."! ;.
^ -r r ' ' i -I i _ ' ' • • (^ • ; / ; • ' ' •' ') ' ' ''•"';... ' 1 './'

Disttirbed sites ̂ ere categorized into the following disturbs ice,type categories: 1) borrow
, -areas (are&s where topsouVarid subsoil were removed and us«« for; fill material as hi Figure f

f\* '*** v^Sf5*' • ' !" • 4 :jfe* i-1- " " ' • * " "!• 'tf & $t { i

29a|; 2)|g,utsloD'es (areas were an exposed slope was created by^the removal of soil material as
•' * -""' 1—i* *£'-.iV*/Vt \ t ^\ ' J • "II :"_ :VjL"'r/_'_' _"' 1 -1 / » - - _ _ _ l l i ! J\ __^; __i1_ t""__L"!f ftt _^_ 1 i* I

, light „
Jcrushes or breaks the vegetatio i as hi Figufe|60b)5 Of the-v v 1 -£ *

disf|rbeB^kes sampled!fpr|pierennjal cover, there w.ere 14 borrow areas,%5 cutslopes,'11 Hrill'
pads, ancp crushed vegetation sites. ,

•:W'i 'm- •'fl"li *' ! '' "*' -"'"":: ' 'i T" -%2S J' ' "' ""4"* ' ' •• ' -' •• " • * ' , [ * - " >J "^ ni*
•'•0T^moderate disturbance tnaticruslies or breaks the vegetatio i as hi Figurel80b)5 Of the

,'tK

^EorB and grass {cover was not significantly different among disturbance types and was
g j conlparable to that of the undisturbed sites (mean of all iind sturbed sites) (Figure 31). "Sites' * ,
% with vegetation; crushed had signrficantly greater shrub cove r overlother disturbance typeslind
^ tihisjwas comparable to the undisturbed area. Drill pads hac significantly greater annual plant
ft qjver when compared to the otherldisturbance types|howe>er,-this -value was lpw^r/^ari,ithat ^
^ for|annual cover on undisturbed areas. Gravel cove| was n )t significantiy\cHfferent among a
'& sites but was considerably greater man that of undisturbed sites. !" I \ < i i
S'-'O •<• - ' • • ] . • • . • . ]• . • • . . '{ .• ' - . : ; ! ' . ' . •'•-•'"' V ' • • . * " •>:$_•;•:.:• '• ' : . ' . --U'•: . ' . '
•^, r~* ,~i . ' * ' .' ]. / &1$ f . i " '- " ' '' -•' . '•'
-!g- Vt -tS - • j. . - i W^ . !g ft.,. - . -.:\. . . . ' • . - : ._• .- ..: . . . . * •
&'.©f'flie disturbance types, borrow areas had the greatest species richness;|howeyer, these values
5 were less than that for undisturbed areas (Figure 32;jivf,Species richness was the lowest for
: vegetation crushed sites. Dominance-diversity curves for ths disturbance types and undisturbed
£•• areas indicate differences among the disturbance types hi sj
g coyer (Figure 33). In borrow areas, A. canescens and C

species. On cutslopes, G. sarothrae and A. confertifolia hi d the highest!relative cover. E.
inflatum, G. sarothrae, A. canescens, S. altissimum, and C

ecies composition and relative
°retifolius were the dominant'!'

., teretifotius were major component
of cover on drill pads. "On areas"where vegetation was era hed,-A. dumosa was dominant^
followed by C. teretifolius. With the exception of A. dunusa, 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. . j
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Figure 29. A borrow area (a ) and cutslope (b ) disturbance used lor disturbed
habitat studies at Yucca Mountain, NV.
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a.

b.

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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Figure 31. Mean cover attributes (±SE) for disturbance types and undisturbed sites inventoried for the disturbed habitat studies
at Yucca Mountain, NV. The disturbance types were as follows: borrow areas (BORROW), cutslopes (CUTSLOPE), drill pads
(PAD), and areas with crushed vegetations (VEGCRUSH).
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DISTURBANCE TYPE
Figure 32. Species richness (number) of perennial plant species found in disturbance types and undisturbed sites at Yucca
Mountain, NV. The disturbance types were as follows: borrow areas-(BORROW), cutslopes (CUTSLOPE), drill pads (PAD),
and areas with crushed vegetation (VEGCRUSH). .
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SPECIES RANK
Figure 33. Dominance-diversity curves for relative cover (%) of perennial plant species for disturbance types and undisturbed
areas Yucca Mountain, NV. The disturbance types were as follows: borrow areas (BORROW), cutslbpes (CUTSLOPE), :
drill pads (PAD), and areas with crushed vegetationJCVEGCRUSH).,.Species.shown were the top.seven dominant species :in J
disturbance types and undisturbed areas. For explanatibh of species codes, see Appendix Table 1.
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6.1T ENVIRONMENTMl VARIABLES INFLUENCING^DISTURBED SITE;cv s c
-••• ' SUCCESSION ^ .poiisffl^i.flj M^^ffci ic j:i-;<ss- w« 3si;ac:^iso,?c -.,&:::) • , - : • . K ,

•:•• s/:-i;-;:.;&i v/ .-r%oi:;tf«-J j-rrni^&;.1;. if?"/r£."«| 20 ^'/»:/i^ff.i-o-*'-4^i*i?; 33. -ivvfc hirtiqc:;- : :-KA-:C'
Disturbed;site revegetatioh at Yueca^Mduntain was prunarily influenced by site location and.
soil properties; The differences in sites; as displayed by their correlations with the location
and;soU:ehvir6rimental?variables; ^mdicate "the site-specific nature of the environmental : ̂  :•: rr.
influences at Yucca Mountaui. As seen hi the canonical correspondence analysis biplots;;: :•
hidividual sites and perennial plant species could be grouped according to their positive and
negative correlations with'-the dominant 'environmental -variables (Figures 12, 13; >17y and 21).

Elevation ;waSlM%bst-Kiglriy^^ correspondence analysis <
across sites. The correlation of elevation with species composition<and abundance on i-~\?-iy.-
disturbances was an indication of the soil and microclmiate differences imposed by the change
in elevation from the summit of Yucca Mountaui down to f orty-Mne wash (Figure 3).
Species compositional differences; along this gradient were evident hi the CCA biplot for
perennial species'YFigufe ISlf^Species sucti&"C^Tanwsissi^;A^ridertta^perennial specief^Figure 13)iSpecies such-as&^/nas^H
nad'the^gy&fi&Pc^
cover aclo^eievatib'̂ i^^ were;; >
categor izeff;^ veleteSon!̂ ^
compositiM'and a1>uhdanc^ on^e^^r^
LyciiariGrayiq vegetation ass6ciati6ris|XFigures 17and21).- - ; .: .-"•.-

' ''

compaction,
composition and abundahoPofftiie aisffirb^sites.^As^ithMev^
were highly correlated with specific soil factors (Figure 13). The high degree of variability in
sites^waFag^m M m^ ^ . > o7

=For %e= purposes of Teclalmation^planriing ; -it «is important itd 'know the ^factors that .will - - >
influence the"success or failure ̂ f reclamation at a^site? Ih;this study; the determmation of the
envirorimental^variables influenchig : disturbed ^ite succession will aid in; deciding- how these
variables cari;be used or manipulated to 'miprovethe^success^f reclamation. \In the case of
elevation, this is location specific i and cannot be manipulated. However, soil factors, hi most
cases, can be manipulated. -1 Soil compaction could- be alleviated by ripping or disking. Low
amounts "of potassium could be mitigated by adding fertilizer, sin 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 hi 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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did differ hi species

(Figures 29 anil;31)r5fSome ~.t
Hon. Borrow, areas, could have

.--N.J- ,• • fi-^f'^fr:---..^ **xg ,,;i •._,*

Cutslopes, if lacking hi
DrilLpads.yinj many cases, -

hese soils tended to be iVery.. ,
n could, bejalieyiated by Dripping jor

\ type and Jhe.enyirpnmental.,...
ce. Because these influences vary
reclamation plans should to ;be .,, \ -{

6.2 DISTURBED SITE PLANT SPECIES

paucifloraliNVft aUfdisturbed

y alirhesesspecies generallybayjejcba^
and/onhaveswindblown iseedsft^Rowiands; ;.iet;-al4(lS8p):
majority of species dominating sites after, ̂ disturbance tend
C. teretifoUus, G. sarothrae,and S. pauciflora produce
easily "dispersed \yy:witi&AyH&sakQlQ7ifa -A*
produce Ringed ̂ eeds^sA^dumosa lissa^prolLGc seeder
seeds tfhatjeambe

"ertifolia, A
sites atiYucca Mountain witii ^
, , .,•„,-.,.„, ,:,,, . iwv W- J.:t»..-,-.i-.l,rf.".,.-| .,' i.i !.IS:-j'

.vegetation associations ̂ (
,s,* -.O,. , ,^v. ' -- ;-Wf «.-,-.-- ^^^V'^-J"--^*

Topsoil was removed
most of the native seedbank. Recruitment of new plants int
have been;yia3windblQW^;seed,frqmjtheadjacent iundisturbe
complete; absence of species such, as E. neyadensis^Lconde sonii
7) may 'partially- confirm1 this. uE-f nevadensis andM spines
compared to the windblown seeds) thatmay depend on rodent
water for dispersal; Otherwise, these species establish hi cL
L. andersonii has small seed contained in a fleshy fruit. Tljis
rodent cachuig:or by birds,eating .the .fruit;and later,dispers
lack of vegetative cover on disturbances may reduce rodent
chance of .bemg preyed upon, and the lack of vertical structpre
reduce bird use of the sites, thus, reducing fecal deposition
of E. nevadensis, M. spinescens, and L. andersonii from se| d
disturbed/undisturbed vegetation edge.

54

t that,, hi ithe,MojayejDesert,x.the
,1 '.::; A. '.J ..-•,-'.'.•.;. -.3Hj!%?f!f \^ J, Oii.U .1 .1 -S,*/ .9 ' -. !". V „ i, -* - .

to have wind disseminated seed. s

small seeds with tufts of hair that are

1983)*.-^ fv.^.^.

in this
these disturbances {appears to

:areas.>,The low abundance or -;• .-,,. ,.*.+<• -. . ^.™ ,. -. .^- ^,|^.-^-..v , ., • _, v? * --..*: A

»,-and Af. :spinescens (Figure
e/w have heavy, seeds (when— y-.',,

... -•• - ••^,,.,,- . , , . - , .N. , - , , . ._ . .. -... . . -.

cachuig or overland flow of
se proxmiity to trie mother plants.

species • dispersal| may depend on
me seeds .via their feces. The

cachuig because of increased
provided by larger shrubs may

of seeds. Therefore, recruitment
may be limited to the



The species described above thafihaves 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.
rf«wwja^ithey:*mayjnot betsuitable if theiong-termiobjective,of reclamation at Yucca Mountain
is to return •disturbancesitom form and; productivity sunilar to that of the undisturbed site (as .
stated hi the Draft'Reclamation PlamforYucca Mountain, DOE, ;1989). An understanding, of
how species dominant in disturbed sites influence, the long-term succession of sites, is important
mfdetermmirig the Suitability of a^species-'for use hi reclamation. vConnell and Slatyer (1977),
outlined three models ofJsuccessipn afteridisturbance:jjrl) .facilitation,!) 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 ah, 1987). The
tolerance^ model "describes a process'where species "establishment is dependent on whether it ;
cahUolerate';mevinitial/conditioro<6f^
model'.'describes Ja process whereMater 'successional species cannot establish hi!the presence of a
healthy early successional plant community (Pickett etal., 1987). If species dominating
disturbed, sites at Yucca Mountain act as facilitators, then their use would be beneficial for
reclaiming'idisturbances.iaHowever.'if (thespecies that readily establish on disturbed,sites •-•.-v
inhibit liratrleast"increase theftime for 'establishment.of the jspecies_ that dominated the site-,^ ;i
prioritb-idisturbance^jthemtheyiare notjsuitable for<reclain&ion,t,:Gjpnditip^ ->0

sites could be*so;?harshjthatspecies-dominating'disturbances jarje:the;pn]iy;species.thatcan4C ̂ ;,.;j
tolerate the iconditionst Researchlneeds!to5beeondu
whetherJspecies""dominating disturbances; are facilitators ̂ inhibitors, ^or tolerators. {^Results from
these studies will aid in determining the use of these species for reclamation.

..; ssij'ai ;?fisayalp:i»i?anMK3J>2 $& a.) ?3ib7 fev.t~ r,i \kf3fiusn ;--y bias ^^miaqiKa* rigxi •
Species could^also/bevselectedibased on thei^
biplot«forJpere*nnialvSpecies.(Figure 13i4^,'aridi21);;SirhecCdverof L^flndersomi^Lf^ fefetefiA
tridef^d^A.'idumosa'ii'.a^G^spino'sd\\v^& correlatedfwith the;aniount of;sand m the soii,'|With
greater.cover of these species on site with sandy soils. -B. wotsonii cover was correlated with
soil graveLamounts. iThis species,may be suitable on sites where the amount oftspil.igrayelf.i-
cannot?be5changed-via topsoil additionior some other, means, a A portion of sthe .disturbed sites,-
withhi .thiecLLGlvegetatipn .association iwere icorrelated, with exchangeable sodium iinjthe soil; ,73
(Figure 21)^04. canescensandP: fremontii.cover/was highly correlated to,exchangeable ^;<; t,
sodium givmg an indication that these species may be suitable for use on this type of site;- ̂

; \ , • • • _ . .

6.3 NATURAL REVEGETATION SUCCESS ~~

Fof-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 undis
species richness; total-density;'arid total 'cover*of perennials

irbed sites in regard ;to their
Figures 6, 8,i9). | ;

Across alPsitesf the perennial plant^species-found on the dis
undisturbed sites; howeverJfthe :dorhinantcspecies: ori~disturbe|d
different from;the undisturbed areas: .Disturbed areas were
generally had low cover in the undisturbed areas: This tren
studies of MojavelDesert;disturbances (Wells, 1961; Webb
Webb et ali^ 1983).''Apparently;?the fattors^described abov
establishment influence this trend. ^GA ,-;r: • r :. .;•:?•

if bed 'sites were also found in the.
sites were, generally quite -.-.-..

ominated by species that ; i-, ,
has been documented in other

nd Wilshire, • 1980; cVasek, a 983;••
regardingseed dissemination.and

years

Thellbw;cdvef-values'and complete absence-ofrthe undisturb
distufbed'sites-is another mdicattonsthaOhatural n
point: i;The dominantspecies on undisturbed fsites?are a criti
original form and productivity of a site. Vasek (1983) state,
undisturbed sites are usually long-lived perennials that respo
disturbMce-51mdrrequife ldng~peridds of time to: re-establish
becomefestlblish^'/:they-ca^persist-f6rV^
of the'spelcjies'^domiriatihg^4Mdistufbe<lrsites-onto distufbed:si
hampered- by!'seed production'a^d^specific'lgeiininationirequ
example|n£9r£>^^
W^ay period dT^eMmg'tempgrjftures for'5the"majority of s
1993). Sheps (1973) reported establishment of Larrea tride
high temperatures and high rainfall in Death Valley (a rare
Mbjave dgsCT^hovvever^t^y^
reported that^ the%oSditionsi forlaptiniali^ermina^tion (m the
dairkn6ssf a^tem^efature of 23 i°C (73^"F) l̂eaching mericarj
cold temperatures prior to sowing, and maintaining the
pressure:*an<i'-lbw mTsalts^ ̂ e'author stated that the
occurrence-'m'me'riatoal^environment ofideserts:'t<7. spinos
Grayia vegetation'associationvirequifes1'acopl,fmoist, seedt
whiter months w^ order to have'optunal ^germination in the s
specific ?fequiremehts and the'narrow range of tolerance disf
their establishment hi most years.

sowing

The lack of natural revegetation "success" on disturbed sites
the result of'lheitype and condition of the disturbance. -Wet
of the disturbed site may be so different from the undisturbe
compaction, amount of topsoil, etc) that the resulting plant
composition and abundance that is strikingly different from
conditions persist, the site may never be similar to the pred
the majority of the disturbances at Yucca Mountain have ha
exposed, or are compacted, the conditions may be so harsh
toward a plant community different from the undisturbed si
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combination of these eventsimay^be a fare
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ring (Shaw etal., 1994).: The
ayed by these species may hinder
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et al. (1983) stat6 that, conditions
community (e.g. degree of

ommunity may have a species
undisturbed site. If these

turbance plant community. Since
topsoil removed, bedrock
lat the successionai trend may be
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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 succession^ trend. j. , > .- : :- ,

6:4 -i SUCCESSION :RATES -*? i-,, ;.,

Average perennial density and cover on disturbed sites;was 304o.37%1ess.than .that ofnr. ;
undisturbed sites after an average;of 10 years. The estimated succession rate,. based on the ; ,
"optimistic" linear extrapolation,' i indicated that perennial plant ;CQVer (without consideratipn to
the species composition and abundance. comprising the cover) rwould-reach that ;of the, j; . ;
undisturbed areas after 20 years (Figure 1 1). The succession rates estimated using the
logarithmic extrapolation can be viewed^ 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 Mojaye 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.

• I 1 ' ' " . ' • ' .

' ' | . ! - • • - - • ' . - . ' " • - - . '
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 arid 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 hi 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 Wahmoriie 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 1 12 years for cover and 76 to 212 years for density to recover on areas disturbed by
military maneuvers. The author attributed the ranges hi 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 succ
important for determining the cost/benefit of reclamation,
that it will speed the successional process with the use of ap
techniques and plant materials. Reclamation is a feasible al
Yucca Mountain, not only because it reduces the time requ
to its original formiand productivity,'but it is also beneficia
disturbed sites and reducing the visual impacts caused by th
beingiconducted now-and in the future at Yucca Mountain
successful reclamation is'cbmpared to the rate, and success o

ssion at Yucca Mountain is yery> s

L- benefit of using reclamation is ^
>ropriate site preparation
Toatiye to?natural:reyegetation at^
ed for the disturbed [site to return
for controlling erosion on - i/j^//y

disturbance. .:Reclaination studies
ill aid in determining how x&i *?&:
natural irevegetation. -1 ;i3iO'a%«4;s5

>&E:i!^ljj"tror>- QJW--^sl^o^ oh
slit' ,t-r:'"a5;?i;:I ai ff?&€ <v* ',"'-
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m?7M CONCLUSIONS

1. Secondary^successidn:ori disturbed sites ;at Yucca Mountain/was highlyvariableSwith .:
respect to-environmentalparameters measured. '̂Elevation was the most important

3o •';variable>influencing the composition and abundance of perennial plant species across
.^KXlisturbancesi'iSoil cqmpaetiphysoil potassium, soil gravel,and amount ofjsand in the
; .. .soiluwerei.other important environmental.parameters.., >j :,,' ; . V t t - • . ! • ; :,c

' ' - ' • • • ' - " . .^^'fK,(^in•,•'•• 'c-:s ,^-:-'i.Cir.> ^ '
2. A. dumosa, C. teretifolius, H. salsola, G. sarothrae, A.confertifolia, A. canescens, and

•S. pauciflora were .the most.ddminant plants across all .disturbed sites at Yucca i
:;:\Mduntaui with-subsets of-these'species beuig dominants-in each of the vegetation

associations .ss: a'

3. ; £ Withjthe exceptibmbf y4;'«/no5fl;tspecies that dommated disturbed sites were generally;

minor components of the undisturbed areas.

4. The form and productivity of disturbed sites is markedly different fromithatofa
undisturbed sites. Using the criterion set forth hi the Draft Reclamation Program Plan,

has ^natural; feyegetationjonDisturbances at;Ytio» Mountain; aftetan average;6fdO years, '!
' sds }hasjriotimetcmei-r^clamatiQh:;goal.i3 fe?ij "if :sjil:f£rai3& ca -mss.y av;l ;.;i-j,!•-. 5y;oii'K;n

5. The tune requh-ed;for coveritd^beisimilarito:that of?undisturbed-areas«was:esthnated to
be 20 years for an optunistic recovery rate and 845 years for the more probable

•fe^-airecoyery/rate.s flowey^.^e^imeirequiredjfbrme^
v!iB?ih)disturbancesito approach that of undisturbed^area^ may require even more tmie than

the above estimates, ^^z'y^il-s^'^&g&l)^?^ '
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8.0 ^RECOMMENDATIONS

d?wSiteispecific reclamation^plaris^deyelbped-for :disturbeksitesishould include to: *£
; considerations for elevation^yegetation association's] >eciesKx>mposition and3?^

^rrabundances m adjacent undistobed^areas^soUpfoperiies
:' Reclamation .trials should be_v implemented to investiga

or benefit from the site-specific circumstances-imposed by
properties, and disturbance type.

leeways to: mitigate^manipulate,
disturbed site location, soil

2. Reclamation studies should be ̂ conducted to determine
species ;(i.e; those -species -dominating disturbed sites)
process and meet the objectives of the reclamation program

whether the use of pioneer
will enhance the sucicessional

at Yucca MoiintauKs

3. ri larStudies-should be conducted to" assess-why dominant s
are minor components on disturbed sites, and how to
species on disturbed sites. Information from these
of mitigation procedures foKsite^specific:reclainatioh:

,.^n'&M$f:if-i ficlssfKBtcoJl' Jl'srC! drib di slticd 13? t
4. , Sig^^pbrtiomof these"disturbed5sites!should be^i

monitored every five years to determhie if the success
original species composition and abundance, or if thes e

pecies?in-the]undisturbedrareas i
enhance the establishment of these

studies will aid in the development
\;|iyssy-sc:i':; sr.u" ••"•'• j^O'- ,;:n :'• :

' " _.a^u. -fedfel-;-?:'-.,/'•

itheiele^tiQnalJgraidient ami
ipnil^ndfis-tbwara^thatfof the

disturbances conthiue to have a

:a|ong

i ̂ Results ^fromireclamaliQnismdiesfshouldJbeiComp^ed
siteJsucc^ssiomsmdiesto^erifyitha^
greater than that of natural revegetatidn of disturbed
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10.0 APPENDIX
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Appendix Table 1. Codes, scientific names, common names, life cycle and growthform of plant species found in undisturbed and disturbed areas at Yucca
Mountain, NV. Common names follow those used by Beatley (1976), Munz (1979) arid?ffickman (1993). .'•

0\

Code

ACSH
AMDU
AMTE
ARFE
ARPU
ARSP
ARTR
ASAC
ASXA
ATCA
ATCO
BRRU
BRTE
BRWA
CACH
CAFL
CAHE
CAMSPP
CELA
CHBR
CHNA
CHPA
CHRI
CHSPP
CHST
CHTE
CHTH
CHVI
CORA
run

• ;

Scientific Name"

Acamptopappusshockleyi
Ambrosia dumosa
Amsinckia tessellata
Aristida fendleriana
Aristida pupurea
Artemesia spinescens
Artemesia tridentata var. tridentata
Astragalus acutirostris . v. A;^^k,
Astragalus iayneaT v ""' '
Atriplex canescensvar. canescens c
Atripiex confertifolia v* '.
Bromus rubens
Bromus tectorum ,
Brickellia wdtsbnii
Castilleja chromosa .. .
Calochortusflex.uosusJ', , „ , „ . , , . r .
Camissdn iahe te foch rdmd* ' ' ' ^* '
Camissonia species .
Ceratoides landta, ,, . . s v.
Chorizanthe brevicornu var. brevicornu
Chrysothamnus naiiseosus ssp. leiospermus
Chrysothamnus paniculatus
Chorizanthe rigida
Chaenactis species
Chaenactis stevioides 7"
Chrysothamnus teretifolius ,,.,, , ;._ ._,^_, ;_^.._^,_
Chorizanthe thurberi
Chrysothamnus viscidiflorus ssp. stenophyllus '•"-
Coleogyne ramosissima
C.nmtnnthn rirrumscisxa „. . , ,»« — ..^ ^,

. . - -p i io ; •.(;«:•-«

Comm6n?Name ''•

Gdldenhead"
', I .t\< J ; ,

Bursage;.;,,
Bnstly.fiddleneck
;:;̂ ',<.'",' '.,!''" "'̂  •".
Purple threeawn
Budsage^,^
Big sagebrush

. Lpc^weed^.^^;, , ,
Layne's | fbcoweed
Forawing saltbush
Shadscaie "*
Re&broine..,,.
Cheat grass 'l*
BnckeUbush' "
uidiari paintbrush
Desert lilly,^8.
Shockley's "evening primrose

WifeiM';^! ;».,..
BritSe 'spineflower '
Rubber rabbitbrush
Blackrstem rabbitrush
tiev'ii's, spiny herb

" *'^^,v"(!'.4'
Steves aiiskymaiden

„ Needle, leaf rabbitbrush _ „ . _.
Spineflower

'f £}•;:-. -4^,.^ U) iT|J7r
Yellow rabbitbrush
Blackbrush

.,- Matted Crvotantha

X1*

Liife
Cycle1

1 ;

P
P
Xw
,/ . '
p
P t ,
p
AW
P
J P V ' .
P
AW
AW
P
P
P
A

'^v

AW
P
p •-';
AW
AW
AW

.P „
AW.

•;pa"V

P
AW

•.-•

Growth
Form2

S
S
F
G
G
S . ., .
S
F
F
S
S
F
F
S
F
F
F
F
S
F
S
S
F
F
F
S
F ; ,

^•"'vn5- -*•••'
p., v..... ;



Appendix Table 1. Continued.

Code

CRMI
CRNE
CRPT
CRSPP
DEPA
DEPI
DESO
DEPU
ECEN
ECPO
ENVI
EPNE
EPVI

§} ERCI
ERDE
ERER
ERFA
ERIN'
ERMA
ERMI
ERNI
ERPR
ERPU
ERSP"
ERUM
ncvfilioJVll

EUAL
EUMI
GIFTVJH i-* -

GISPPVJlkJJC X •

GRSP
GUSA

• • • • .-...,->«i;* • . .
Scientific Name /, • , • « - • - - . • > ' ^«-.,-, , •

' ' . - ' • ' ' • •

Cryptantha micfahtha
Cryptantha nevadensis var. nevadensis
Cryptantha pterocarya
Cryptantha species , ,, ^ . ,
Delphinium pdrishii var.^parishii *t.

 A .*"
bescurainia pinnaid sspJglaiira A>

Descurainia spphia
Dichelostemmapuichellum
Echinocereus engelmanii var. engelmannii
Echinocactus polycephalus
Encelia virginensis ssp. virginensis
Ephedra nevadensis
Ephedra viridis
Erodium cicuiarium
Eriogonum deflexion var. nevadense
Eriastrum eremicum
Eriogonum fasciculatum var. polifolium
Eriogonum inflation .,..„,,„.„,..„
Eriogonum maculatum
Eriogonum microthecum var. foliosum
Eriogonum nidularium
Eriophyllum pringlei
Erioneuron pulchellum
Eriastrum sparsiflprum
Eriogonum umbetiatum
f?f*h c/*/f/>/7i/i miniitiflrtT/i- — "~ d>C'(l>U/lt/t4(t* 1 1 UHUttj tr\S* t* '• •*• • - • . ' - • - - : ,— ,-.«—,«

Euphorbia albdmarginata - - - - - .-
Euphorbia micromera
Gilia flavocincta •• -• <
Gilia species
Grayia spinosa
Gutierrezia sdrothrae '''>• t-~>.*.:*'*ii-h &>•>• ' ' •

. - ; " • . ' - • • -mmA . ' ; " " • . • .
CoiMpn Naml! : * •

, • • , ' fv?'". i;.^.5''*^'*-

Cryptaritna*""".'1"14

Cjtyptantha s., ; f
Winged Cryptantha
^,,,^vXvi!mv-'>-
Deser\laricspur '"

.-. -• ,i '-i-^. v-4i^--^i-.jx'>1
±! i

Pi^je tansymustard
Tansy-mustard
Bluedick „ r r_
Hedgehog pactiis

; Cpttontop barrelcactus
Bnttlebushy' ,
NevadaJMprmon tea
Green(Ep"hedra
Stiflcsiftlf'
sMetoaweed,/r

• • • • • Eriaslrmn.V^^y
Caiiforhia buckwheat

) Desert^trmnpet
^ Rose/white

Buckwheat , ,,
Buciwheat ''
Pringle's woply, leaf

:• Fiuffjrass'1 """ ''
:En^trum,r,
;Suifuf flower

• PVOTTIV nnfinv
1 '' ! "• •**" • " _1'"-" f f f , y Pf^--^; *S JS* - -"•'̂

.jlj OflMACTIiJ K P \JJPP*f\s-s-.-!»*-*^=-jt=7B-^-=-'^--s- i-.- *'••-"• 3J*^illlXCSU«JvCi" WCCU - * ~

..';'.- 'Leafy spurge
Gilia ' '

' : . ' " , . • •-;•'•% . • ' ' • ' .

Spiny hopsage
- • .u"ia -•'/ '-•!-.--i*v-;-'iC'--- ^ • X ^r*-1" r-^,!'*-j-!™rs):*' ; : ;•'>*'>

Life
Cycle1

41 • •
AW
AW
AW
AW

. 'AW
Aw
p
p
p
p
p
p
AW
AW
AW
P
P
AW
P
AW
AW
P
A
P

.:•;. ., v ,.AW
P

. '..;-,,,
~--*̂ - - -i -

•AS'" '.
v;,_;AW.».

,..: _-..,,AWJ:' -
P
P

Growth
Form2 s
b ' • '

'" . ' . (
T» '•' ' ' *

F • , - ' . ' '
F
F-
p . •
F :
p
F -
c • ;
c
s
s • .

•s :

F
F • ' '<...
F - £:

s S':f
F • i;;

F • • m
s • p:

F ' •• ! i
F §
G 'l|
F . §;

"* ( ^"'
F _ |5
T7 ' o1!"!'
, !?i ̂  i-'i-'j"* -•* - -•• y^.-.

-- -#^f;V;-' - - :- T--- |§
- Fu""'" • . • • ||

F ' ' • ' • - • • *:"v
'.7"pr7.TZ'.T''- • i

S : $<

. . ' ,?. , .-_, ' ' • ' - - P

.1



Appendix Table 1. Continued. .

Code

HACO
HAGL
HALI
HIJA
HYSA
JUOS
KRPA
LASC
LATR
LEDE
LEFR
LELA
LEPU
LOHU
LUGO
LUFL
LUPIN
LUSP
LYAN
LYPA
MACA
MAGL
MATO
MEOB
MESP
ME3I
MOBE
MUPO
NADE
OPBA
/*\T\r*/^OPEC
r»r>uv

7. " • < ' ! ' ,.';. •'. '•Wf.XtfVS'Xrs; p

Scientific Name

- ' • . - , - . .•••?#>
Haplopappus.cooperi
Halogeton glomeratus
Haplopappuslihearifolius ,,. ;4,
Hilariajamesii -, \ v •
Hymenocleasalsola
Juniperus osteosperma „
Krameriaparvifolia „ - H=,«IW.-- . - ' - - - .
Langloisia schottii -.
Larreatridentata,^ _ .=..•>•/& i.:.
Lepidium densifidrum
Lepidium fremontii
Lepidium lasibcarpwn
Leptodactyloripungens ssp. hallii
Lotus humistratus
Lupinus concinnus var. orcuttii
Lupinus flavoculatus
Lupinus species u, i
Lupinus sparsiflorus % t v,
Lycium andersonii
Lycium pallidum var. obligospermum
Machaeranthera canescens var. canescens
Malacothrix glabrata
Machaeranthera tortifolia var. tortifolia
Mentzelia obscura .
Menodora spinescens
Mirabilis bigelpvii
Monoptilon bellidiforme .— - — .
Muhlenbergiq porteri
Nama demissum var. demissum
Opuntia basilaris var. basilaris
-. ' L ' v> !•*Opuntid ccninocurpci vor. ecninocQrpa
Slm*rs\nrir tnimt>MSii/t0C . -- ~ • - - . ..

^myff'y-.ixt. .̂ iv ,.••'-, ;

• ; Common Name

' • ' • • • ' ' • • " • " . ' . . %«SS.!fii?;'KSG- - •
9®$*i%.KM'.

' ' - - • " . • Hato?^n,c«n^
Merior.golderibush
, ^^'^^si'LSr*--- ". ' •-• ,*!','•-..

•.v • -i:> • " ' . "Galleta^;^,:,,r-.' '- - ••&'!• -*^-^'vf.C'?.^i^w;l-"^

. . " • • - " - ' . . ' . ' - Bmrp^rush,,,-.^,.,,,,
- DwmJuhroer

•s - ''. • -*,\M.W-Jil.,i.i-.v,»,

. - , ̂ _. ...;,:, ,,,-._ .^Ratap^^^,^, : . , .. •
Shbtt's.calicp,

;/;i; .J^los^e^uslt^ ;
Prairie pepperweed
Desert;pepperweed

1 ifiSSCittHjVj.SP'jt';. '
Prickly gila
FoothUl deervetch; t? i? ;^u-> . - ..• • „ , • > , . ' - , - - .

- Bajiida, Lupine
• .' - '' LupuKy:^, ,- - .^v,-*,*^'i--i.^ j*5|<*!-f" -

• ' • . MffM>^S;t£T/ hfJH'v'.
poulter,'s Lupine
Bolffiom1
; - 4! : • - • * " 'v- -

Wolfberry

.Smooth.tooth.dandelion
besert-aster
Silyerstems

' • - ' Menodora , 5 , 1,.,r .
Desert wishbone bush

.„.-..., „ .^Desert star. , . . , , . .
.Bushmuhly .,.,.

Beavertail pricklypear
m~™- .™~^>-*—- v- ,- - ~ «s. Qtrflwtnn nri^Uvnpar - . , . . -_ . , .--.,~™^,™»^^ --— v «k ouawiv/^ j/llL-Mj^/t.<ll

...„,••,„..„„.,,., — -Indian ricecrass • ..'..-...

Life
Cycle1

^

- p ^- '
A'"-
P

• '• ' - P ...
• P"'

1?
P. , .
AW
P
P
P
AW
P
AW
AW
AW
A
:--^ O'«

A"
P
P
P y

AW
JP".V
AW

' . -p'>
p<A •

AW
;P
AW '
P
P .^- - :~ : £- .. , .. ^.^ „.,

_D_ __ '

Growth
Form2

• t
St
F
S
G

• • S ; . . •
f

-s^,: ,..'.-.•:,-.. :
F ;' •
S
F
F
F
S
F
F
F
\,

F
F
S
S - .
F
F
F
F
S
F
F

9,u«. • - :

.p,;,Fc
c
G ..... . ,_

i



Appendix Table 1. Continued.,;

0; 'V

Code

OXPE
PEPL
PESE
PHFR
PHRO
PHSPP
PS AN
PSFR
RANE
SAIB •'
SAME
SCAR
SCPO

oo SIAL.
SIHY
SIJU
SPAM
SPCR
STEX
STPA
STSP
SYFRr

TEAX' '
TEGL <:

VUOC
YUBR

i • "?' ' i .11 • ' • • ' • "• • ' , - • • - -- - ' J.,- "A !- J*

Scientific Name S i r

Oxytheca perfoliata
Pectocarya platycarpa
Pectocarya setosa. A ^, ; a, -^ ,^5^
Phacelia fremontii ^
Phacelia rotundifolia , ;m- s,.<vv..v, ,AU
Phacelia species ,\ , ̂ •.•^^ .̂•.̂
Psathy rotes annua
Psorothamnus fremontii var. fremontii
Rafinesquia neomexicana
Salsola iberica - ,
Salazaria mexicana. t , > , y f i t , ;
Schismus arabicus
Sderocactus polyancistrus, v^;-,?,
Sisymbrium altissimum
SitanionhystnXf,.
Sitanionjubatum
Sphaeralcea ambigua ssp. ambigua
Sporobolus cryptandrus •
Stephanomeria exigua ssp. exigua
Stephanomeria pauciflora
Stipa speciosa
Syntrichopappus fremontii
Tetradymia axillaris var. axillaris
Tetradymia glabrata
Vulpia octoflora
Yucca brevifolia

• • • - . ;;^y. ; .r,^;';_ ";..

; . CdmmonName

R^pundleaf 't spineflower
' • ' ' . " - ' • Pectocarya.,

,^ *?. s',t~'vV-* Wj.J- %:J-s*

1 FrcejihbrrtiSjPacelia,

, i . '. l||&eback' ;

New Mexico plumseed
Russian thistle
Biaddersage ,,,
febWScisrnus,

fumblemustard
' •^ '^• '• : ' ' :^ ." ' - ' .: :?<W^JaJlk;;/^>>

' . '" ' '• '• ' '• '•. ' ' pjN^p^^P !
Sand|lropseed
Small wirelettuce

;. • .-.• . . . . . . • .|yugriettuce,.{ ,
^Deseft newiiegrass
SynCncjfibpappus
Ljon|spme/horsebush
Littleleaf hoVsebush

: ,;|iixvyeeks'fescue
Joshua 'tree

tife
Cycle1

AW
AW;

AW

AW
A
P
AW
A.-,

Aw
. • • $ ' < • •

PB-

P
P
JP
AW
P
P
AW
P
P
AW
P

Growth , . . ' ; • • . . ' i ;
Form2 . J;.;

. - • ' "' '' I';-1-

F; : - - ^
t' - ' &

F' " " ' l|
p- r .• , ~ • • .;" * w.

. . . - F • • - , • • • • • . • • i ;
s - - - -•• • ft
F ' • ' $:
P ' . • • ' - f e

' S . . i:¥

G . • §
C - i>'i'• • . (•;,•' F • • - . - • • 1

G . •' ii
G •" ' ' |̂ |;

.F • '• . (&•
G • ' • " p
F • • • :' p:
F . - • - •• " !?:•

' • G - . . ' : ' I "F' . • . • ' | f
S • . . . I t• s v • . i:

G " i:
... ^:v .::... ..:, .v-I

1 A = Annual, AW = Annual, Winter growing season, B = Biennial, P = Perennial

= Cactus, F = Forb, G = Grass, S — T =

.



Appendix Table 2. Pearson's correlation coefficients (f) for environmental variables used to test for their influence on species composition and abundance in
disturbance areas. For long name of the environmental variable, see Appendix Table 3. ;

Environmental
Variable

Age
Slope
Elevation
Aspect
Dist. Area
Growppt
Gpptsum
Gppt3yr
Gppt5yr
Depth.
Gonepen
PerGrav
Satpercent
pH
EG
CaH20
MgH2O
NAH20
SAR
CaNH4
MgNH4
NaNH4
P
K
NO3_N
OM
CEC
Sand
Silt
Clay
Exch. Ca
Exch. Mg
F.Tch. Na

'•'• i , -

Age
1.00

-0.19
6.08

-0.10
-o.ii
6.24
0.99
0.90
6.64

-0.12
-0.03
0.17
0.14

-0.10
-0.20
-6.13
-0.07
-0.24
-0.22
-0.03
-0.01
-6.03
6.29
0.27
0.03
0.17
0.02
-0.14
0.19
0.03

-0.11
-0.01
-0.02

Slope
-0.19
1.66

• i '1

0.24
0.23
0.03

-0.22
-0.22
-0.16
-0.27
0.32
0.27

-6.08
0.32

-0.15
0.06
0.02
-0.05
0.09
0.01

-0.14
-0.16
-0.16
-0.02
-0.49
-0.02

— 0.17
6.38
-0.32
0.14

, 0.38 ,
-0.08
-0.17

-. 4.17^

Elev-
ation
0.08
0.24
1,00

-0.09
-0.08
-6.47
6.02
6,17

-0,26
-0.03
0:35
6.17
6.64

-6.22
0.20
0.19
0.18
0.20
0.25

-0.06
-0.09
-0.10

sQ.\6
-0.35
6.33
6.32
6.69
-0.63
6.37

„ ...0.67
•

-0.05
-0.11

.—-0.10

Aspect
-0.10

. '.,' J -;
0,23

4.09
too;
4\12
olff

•"W-
-0,22
"O.S? -

?§
4;09>
-0.13

A'. .•*."

-0.02

4oi
-o.ii
-0.24

; 4,26
-6.19
-6.21-OB
4.17

. wv rj
-0.17
-., ~ ' \ •"•

-0.08

-P-ri
4.26
0.05

4.0$ .
0.03

-6.6T
,.„.,.. 4.64,.,™.

: .4!i9
4. 17 ;;

_4'4fl̂ 7.,;s.A

Dist?
AreV
4. 11'
0.03

-0,08
-0.12
1,00

-0.26'
•'• )r >

o^of
448-
-o. ft
0.66 --

-0.02'
0,03
0.07
0.21' f
0.10
o.oi
0.25
0.29

-0.07
-0.08
4.08
4.13

! T

-0.08
0.03

4.06
0.03 ,'.
4.06
0.09

,„, O.pj , u
< 4.05

-0.08
i~..-0 08 -^

Gfow-

0.24
;''. ' f -V

-6.22
4.47
6!Vr< • f\~ > *>
4,20
jM)
0\32
61' iX :

-'- -"tf.jfs '; - :
$M ' .
4:88

•'**" j •
0.13
A * \ ' --

4.26 ;

-6,04'
'423
-6.19 |

• \~ v i

4.24
; t - .

4.28
0.10

"0,12
"6.16
6.'12
O.i32

4.24
449
4.33
6.22 '
4.06

'•*,?*'**•• ; r * . '

-*•". 0.03
'- 0.13

Sss-w0.il2wr-j.-

suni
0.99

-0.22
0.02

-0.11
-0.10
0.32"
1.00
0.90
0.70

-0.16
-0.04
0.21 ;
o.ii;

-0.13
-0.19
-0.12
0.06
0.23
0.23
0.02
o.Oo
4.02
0.31
0.30
0.02
0.16
0.04
0.11
0.19
0.01 -
0.11
0.00
0 00 --•

Gppt;
'3vf
0.90

-6;16
61 17
-p.i2
olof
OL14

0.90
i^po
0^8;

-6,2JO
4:01
0,29
0.22

-6.07
-O^ll
' ', ' U -

4.05
-6.00
4.15
4.12
4.00
0.01

4.02
"6.24
6.16
0.08
0.15
6.11

4.24
0.23

...6. 16-...
-6.66
0.00

,.^0.00 -.V:

'i 'W,

°PPf;

0.64
-6.27
-6.26
6.61
4.08
6.45
0.70
6,38
r i -J-S 1

1.00
-o.n
4.07
0.13
4.10
4.30
-d.'i'3
4.09
4.05
-0.17
-6.24
4.05
4.02
4.01
6.36
0.37
0.01
0.14
4.33
0.14
6.08
• . 1 ' -

4.31
r'4.fi5
4.01 .

, -0 02 '

J:GO.
DeotS
4,12
(/.si
4.03
0.29

-8.14
-6.24
4 16
-6.26'

•i ' $'»l '

1.00
-0.38^

f. f. i '•

4.37
6,13;
4.04
4.08
4.12
4.14
-6.04
4.10
4.12
0.18
4.06
4.16
-6.15
4.31
4.19
0.14
0.19

-i • C

-0.35
. ' . . - , . , 6.05

V* -6.34
0.06

-,.- -'-ri.-0:-I6

pen
4.03
6!27.
0-35

-o;o9T

6:o6T

448.;
-6:of
4,'oV

" "'*'

'•.4.'38;

~" iw
0:13'
0:23

-0:12
4.08
-6:o9
4.10
4.07
4.08
0.33
0.23
449
049

-0.21
0.20
0.44
0.29

! .

-0.36
0.25

•^1;0.34
:" 6.17

4.13
iiis4;-14-



Appendix Table 2 continued. , ; .,>...

Environmental
Variable

Age .
Slope
Elevation
Aspect
Dist. Area
Growppt
Gpptsum
Gppt3yr
Gppt5yr
Depth
Coriepen
PerGrav
Satpercent
PH
EC

^ .CaH2O
MgH20
NAH20
SAR
CaNH4
MgNH4
NaNH4
P
K
NO3_N
OM
CEC
Sand
Silt
Clay,
Exch. Ca
Exch. Mg
Exch. Na

"Per-
Grav
0.17

-6.08
0:17

-0.13
-0.02
0.13
0.21
0.29
0.13

-0.37
0.13
1.00
0.07

-0.03
• -0.08

-0.01
-0.06
-0.08
-6.01
-0.01
-0.01
-0.01
0.16

-6.20
0.05

-0.07
-0.66
-o.io
0.20

- -0.05
0'.04

-0.01
-.-. -.0:01

!$*:'' '
percent

0.14
6.32"
0.64

-0:02
0.03

-0.26
'6! 11
'0.22
-0.10
0.13
0.23
0.07
1.00

-0.39
0.16
0.14
b.io
f\ ' -^

0.16
6.16

-0.13
-0.15
-0.16
6.17

-0.32
6.23
0.30
b.78

- -6.63
o!&

.,-• )•' , s

... ,,0.79,...™.
Wl5
-0.18

:/,-.-..r,.-̂ ).iv7;w*v4

nH

""PH
-0;10
-6.15
-6.22

j •' >,

-6.01
0.07
-6.04
-0.13
-6.07
-0.30
-0.04
-6.12
-0.03
-0.39
1.00

-6,15
-6.29
-0.31
-0.06
0.20
0.38
0.37
0.35

-0.58
0.16

^0.06
-6.36
-0:13
0,34

-b:26
J0.30
fs-f r,

0.46
J638

s»0.38

•'J. 4 «./•

:;;0"l4.;' s'ljf- ' • ; 'tf'h ' : •w: • O J i t i
?(|ic CaH20 V: Meiio NAH20 SA!
-6.20

; ••'-n'f't I •- .
6.06

• • jTrti' ••
0.20

;. WV'V-*' ;

-0.22
: olii

-0.23
,>( i • '

-6.19

: 3-t?
--•0,13
H08
vfY i O

-0.08
• * i , ' -.

-0.08
, • -*'; *. -i

0.16 /
•-fV ^ ' •
-0.15 ^
~O6
b.9i

«-ifV-; i -

0.84
-.IV 1 1'?'

0.98
-/V i '.:

0.82
Wf ' ,' • "-p;po
-0.02
-o.bb
-/ • '-IK*,*-

413

^io
: 0.62

-.'* '' ' : 'f

0.06
. 6.'21

•*$$'•
— -h-^i'- .r yrll ;

...^J» » .;-•-vo;oo
;-6;62

'-Fs#&0.0;tszs:st

-o.i!3
•-J'lA • • ' ' • '

0.02
^ f ".,•' ' V.

0:1?

-0.24
o.i!p

-0^19
'• y-i

-0.12
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-0.09 ,
-b.ii
• . t . \
-0.09
-0.07
0.14 . , (• '

-0.29
0.91
1-PP
0.98r\-\
0.80
0.59

-0.03
-0.04
-0.03
-0.02
0.00
0.57

' -. • \

0.12
0.14
-O.'l?
A/1 O ..."'U'.Io- ":;-" "™1 • r - '

_,0,13^-;-~,
-0.66 -
' •'('* ' "
-0.04
-̂0.03.1̂ ^

-6.07
*l*'"tli?
-0.05 .
o.ii

-1\'O > '
-0.26
"i ?'/' •"•

P,P4
JO. 15

1 Y"' ' ^ '»''
-0,06

-o!ob
'? l . ' i

-6.05
-b.i4
-b.io" ~~n"<- ,
-0.06
"b.io'
.*fT "i ,-

-0.31
..••, ; .'.
0.84

"b!'.̂ 8"
,A' <i»i
1;PO

'6.7'6
;i"i •'
0.51

-o.pi
-6.02
-0,01
oj» ,
fps i
6.̂ 6

10I.1'3
.'6,ip
,̂21

—f\ iAu.-/*t
,<>'^,-!

JO.,11—..
bJoi

'"vin •"••;-:;6.b2
^o.ei^«-

-0.24
0.09 .

; V

0.20
-.-!•'

-0.19
i >

0.25
-0.24

>' f

-0.23
-O.f5
-0.17

J )i •

-0.04
-0.07
-0.08
0.16

-0.0(5
0.98
0.80
0.70
1.00
0.89
0.01

-o.od
0.01

-0.20
-0.15
0.59
0.02
0.25

-0.12
0.06
0.14 . . .
o.oi

-o.oi
0.01:,*..

-0.22
• ( » ' v : i '

0.01-r. •.'» -
0.25

-6.21 ,
!•• ' ! ' ;
0.29
-0.28
-0.23
-0.12

j ', -. \ --

-0.24
-b.io
"t ? i -. •

-0.08
-b.bi
0.16
0.20
b.si
0.59

"(3.5.1
6.89
i.oo

"0,68
~ ( ~ ( ' '
0.06
0.07

-0.33
-0.14
0.61

-0.08
'0.30
-0.15
OrlO

..0.15-
0:12

i' J : ' ( -f

0.'05
,0:07w;

•'':"Ui -

CaNH4 .
-0.03

ft";-."
-0.14

• i > ' » v

-0.06
""H ', ~-

-0.18
, -O.b7

o.ib«> ' j "•
-0.02

*''•'•* :
-0.00
-6.05
-0.12
,. i } > .
0-33

-d.bi
-0.13
0.38

-b.'ob
-6.03
-b.bi
o.oi
6.08
1.00
i.bo
0.97

-6.21
6.52
0.27

-0.22
0.07
0.15

-6.62
,0.22-. .

J • '.t •

, 0.95
•t;ivoo

v^hOO.,r^

/ - * t ,. ',
', t • "..

M^H4
-0.01
3.16
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-0.09
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-0.08
'0.12
» j' <! ' ' '

b.bo
'•! • •- •"-. ,*

0.01
~i V -" f lij,

-0.02
f:' •-•

0.18
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0.23

-b.bi
r°45

6.37
-6.02
^ "i' : **

-0.04
-0.02
,'S' 't v

-0.00
'; J I

0:06
i.ob
1.00
0.97

- i* . i

-0.20
0.54
0.25

-0.24
6.04
6.i7

-6:03
. -0.24,

' •. :>' '>
0.94
1.00

•=^1.00 :,

''(:' : '' -\t ' 1 . • - , . •

NaNH4 '•'
:P,03.
-JQ.16 ; : ''
-b:id

- • *', '' A-0:17
;dB
0. 16

-0.02
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-0.02
• "-P.pl

-0.06
f\ • < .

-0.69
-bioi
^0:16

- J •- ( '•

'0.35
foioo
iO:o3
-0.01
'o.oi
'0.07
0.97
0.97
,1.00
-0.21

Xv'

.(

;:

'0.56 i
0.17

-0.24 >
0.04 . j . ' : :
0.20 vJ!

-0.07 :̂
,., -0.26 ^

, .0.91 ' p';
("0.97 • '. $$

*>,;•'•'
,«0.97 ' - . - ; . . ||



Appendix Table 2 continued.

Environmental
Variable

Age ... '
Slope
Elevation
Aspect
Dist'. Area
Growppt
?Gpptsum
,Gppt3yr
GpptSyr
Depth
Conepen
PerGrav
Satpefcent
PH
EC
CaH20
MgH2O
NAH20
SAR
CaNH4
MgNH4
NaNH4
P
K
NQ3_N
OM
CEC
Sand
Silt
Clay
Exch. Ca
Exch. Mg
Exch. Na

P
0.29

-0.02
0.16

-0.08
-0.13
0.12
0.31
0.24
0.36

-0.16
0.09

. 0.16
0.17

-0.58
-0.13
-0.02
0.03

-0.20
-0.33
-0.21
-0.20
-0.21
1.00
0.18
0.19
0.62

-0.01
-0.33
0.40
0.14

-0.28
-0.21
-0.21

^ . . . . . , y (;

.0.27S,
T -OA9,tri

_:;('_^357^
"';'''" '-otii ^
'; -''•••' ' -6i08;>Si

;,:;:=: 0:32 .̂
'/:'"• '0.30^
:• ,? 0:16j,?c

, 0.37

!.--• -P-l5^"'^' ^.if,/
-0.20"

"^''-brsf*1
nO.>l6^

. ''••'•'•.-0;10'f^
.>-\p-Op^

,;.Y. 0.08>S1

._{.-. -0.45^-
'.'" -o.i4y;I

- . . ' • • : ' -1.S; 9,52;^.
0.54 ' :

^'.'^ :o.5*6 w
/'' 6:18"
. ;: r.po^

0.13
0.11 '

__-0,27,?i.
~'~~~" OJS'"

0.11
-0.36

.' 0.43, ,_
0.54 —
0.54

«<,
m °-03

;,,;Vo.o2
;'̂ p!33
'"-0^26

'̂  0:03r)^o:24
P14Q:p2
•*] ,0.08

b.oi
,ia-0.31

, , , o!50
''0.05

"tflo;23
"•'-0.06
^?0.62
;;200.57
?M>0-56

r.jyjP.59

^0.61
5.̂ .27 '

'*:*'tf.25
1 0.17

0.19
ffi?fO;13

1.00
-7-0:32

F, 0.26
'"!TO:32

0.34
0.18

_ 0.27
— 0,24

0.25

;i:;̂  -
'K^9?F*j;Zfctl

. .'̂ .6.17^ ,̂,
-,^^auj
;4^*o.o5
:j .v^OiJ* ' '*"'-
•'•:l^L-0'.d9>'f |̂
;^(io«i6\f • «!
! 4^^,0.1 5

'0.14

^HS0'19

, 0. |£ •1>^,,
' "*-. ^^0.6Y«; ~ "{

.:tp|ĵ ett:

"̂ $$3&^? '
;;P?l;0;06p5H£
's'!|$p£.12(i]SlS

^̂ p'{13.|»fi*:.
;-jf̂ .02 .̂|.-.'.}W<;!srf-6x)8 v;"

-0.22
-0.24

;(-0.24
,0.62

•s^Orfi.'- •
'io.32;

'"^^OO"'"'™'""
...^0.22^,,^.

• r^.^
0.45 ;
0.32

_™.r0.22__.
.._4.-0.24~~~ -

;-0.24

,0.02
,0.38;
"0.695

:0.05
;0;P3'
-0.33^
-0.04
0.11

-0.33
0.14
0.29

-0.06
0?78

-0.13
•0.2^
i,o.i4:
,0.10
0.25
0.30'
0.07
0.04
0.04

-0.01
-0.27
0.26
0.22
1.00

-0.73
0.31
0.87
O.OL
0.02
0.02

•»n^ Sand
l>,,0,,.0.14

,,"-,;' ,,^-0.32
't* "i;ij-0.63

0.03
ilJ^y; ^>06 ^

•o»|- gavo-M1". •
aMii!|i?o;li

-0.24
0.14
0.19

-0.36
-0.10

" <».63
. . . 1 1 j 4

• f*/.'^?1 v^^-^f)^''! ̂  ,.£ -A'cf

fgi %-p;l9 3 Ac.-
%& ••tir'4;2l\®m,$ .-

,'!•--" "' •'-• '* ft 1 0 •

•';':ftj"^l5v T J'
0.15
0.17
0.20

/ -0.33
.0.15
-0.32

""^""•-0.47""".'̂  '
-0.73

N v 1.00
...v -0.82

•vf; -0.82
,..̂ ,,v "̂.0..1.7-.«™-
.̂ .i. Orl-9— -•:

'.•i....'',' 0.19

Silt
0.19
0.14
0.37

-0.01 -
0.09
-0.06
O.i9
0.23
0.08

-0.35
0.25
0.20
0.24

-0.26
o.i rd K
0.18.vi (i

•• 0.24 >jn 0
0-.06.p,jn
o.io

-0.02
-0.03
-0.07
0.40
0.11
0.34
0.45 -*"""
0.31

-0.82
1.00
0.34

-0.03. ;.-,...
-0.04- - •
-0.04

Clay
0.03
0.38
0.67

-0.04
0.01

-0.29
-0.01
0.16

-0.31
0.05
0.34

-0.05
0.79

-0.30
!;0.;13
i|0.13i
|0;Hi

/pVl4,
'0.15
-0.22
-0.24
-0.26
0.14

-0.36
0.18
0.32
0.87

-0.82
0.34
1.00

-0.25 .
-0.26
-0.26

Exch.

Ca
-0.11
-0.08
-0.05
-0.19
-0.05
0.03

-0.11
-0.06
-0.15
-0.34
0.17
0.04

-0.15
0.46

••} '* '• ^M>0.00
s?A!au>0.00:
•iu«ir.-0.01

0.01
0.12
0.95
0.94
0.91

. -0.28
0.43

-0.27
'-0.22
0.01
0.17

-0.03
-0.25

._.,..- ,1.00
- 0.94

0.94

Exph.

Mg
-0.01
-0.17
-0.11
-0.17
-0.08
0.13
0.00
0.00

-0.01
0.06

-0.13
-0.01
-0.18
0.38

-0.02
-0.04
-0.02
-0.01
0.05
1.00
1.00
0.97

-0:21
0.54
0.24

"-Oi24'
0.02
0.19

-0.04
-0.26

-.--r- 0.94

~ 1:00
1.00

Exch.

• Na
, -0.02

-0.17
-0.10
-0.17
-0.08
0.12

-0.00
0.00

-0.02
-0.16

,( . - . -0.14
-0.01

•"-0.17
0.38

-0.01
-0.03
-0.01
0.01
0.07
1.00
1.00
0.97

-0.21
0.54
0.25

"••""-0.24
0.02
0.19

-0.04
-0.26

— . 0.94
— -1.00

1.00 . ^ • -



Appendix Table 3. Code names and explanationsjfbr environmental variables usedjo determine.their influence on species
composition and abundance of plants on disturbed areas atjfucca Mountain, NV.

Environmental
Variable
Code

„ . <f / . , - ' r . , , . - - . •.
Environmental Variable and,Umts TOO

Age ,
Slope
Elevation
Aspect
Dist. Area
Growppt
Gpptsum
Gppt3yr
GpptSyr
Depth
Coneperi
Pe-rGrav

ft if;
r

4*

***

Years since initial,disturbance
Slope (%) '• 'Tft'- -:^m-'
Elevatm (ft) \ : ' l~y
Aspect (degrees);;;
Disturbance Area'(ha) . ..^ ' , .^ .. .;.'.'', - ,{, ,;.''/
Growing Season Precipitation (mm) -"First year after initial disturbance
Growing Season Precipitation (mm) --Sum of all years after initial disturbance i.^
Growhig Season Precipitation (mm) -iSum of first 3 years after initial;disturbance
Growing^Season PrecipitatibiS (mm) -sSum of first 5 years after initial'disturbance
Depth^Pehetrometer readinp^m) f- 'y^ "{-! ' •* ' • ^^
Cone Penetrometer reading (kg/cm2)a y"J :; ;) ' . ° '*.

. - . { * " « ' i." *t ' '• *± "'.*j \ . •- -^-/i • J A' \ ,•'*• - * -'" T'1' 1 • ('^' " • -;

Percent Gravel >'2 mm ht'the soil ' ':"' ;..'.' .': . :;.':'.'. . '.'.'..
Satpercent
P H ;
EC
CaH2O
MgH2O
NAH20
SAR
CaNH4
MgNH4
NaNH4
P
K

Soil Saturation Percentage ] .' . : -'^'
SoilpH3:s .<r0j' ;" .6^:-:-; - • ' - • ' • ' • ! ? • • . • ' • • " ./S-'Ki
Soil Electrical Conductivity^ ; i -e:j*
Water isoluableGalcium (meq/L of soil solution) s
Water sbluableMagnesiur^lmeq/Dbf^soil solution)
Water soluable SSdium (rrilft sOilsolution) ^sc

'

NH4 ExfractaWe Calcium|meq/100 g,pf soil)jv ^

NH4 Exttactabie^ Sodiumltmlq/iOQ g;^0il)"
Phosphorus (mg/kg of soil)

of soil)/f^
•VS-i • iiiSSSSSKSSKK!



Appendix Table 3. continued

Environmental
Variable
Code Environmental Variable and Units

NO3_N
OM
CEC
SAND
SILT
CLAY
Exch. Ca
Exch. Mg
Exch. Na

Nitrate Nitrogen (mg/kg of soil)
Soil Organic Matter (percent)
Cation Exchange Capacity (meq/100 g of soil
Sand (% by hydrometer)
Silt(% by hydrometer),—_._„. ..„.. ,J.'...
Clay (% by hydrometer)
Exchangeable Calcium (%)
Exchangeable Magnesium (%)
Exchangeable Sodium (%)
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DISTRIBUTION LIST

DOE/HQ

OSTI(2)

DOE/NV

Technical Information Officer

DOE/YMP

W. R. Dixon
R. M. Nelson, Jr.
M. E. Ryder

DRIReno

B.W. Schultz

EG&G/EM YMP/RSL

C. E. Ezra

SAIC

M.W. Harris
T. N. Pysto

EG&G/EM

P. H. Zavattaro
Technical Information Center

EG&G/EM NV Program

J. A Michael
T.O. Edwards

EG&G/EM ESD

D. C.
J. P.
K. W.
S. R.
G. A.
B. L.
S. A.
W. D.
R. G.
R. A.
P. D.
D. B.
M. B.
E. A.
A. L.
R. B.
T. T.
V. R.
T. A.

J. M.
T. P.
W. K.
D.-L.
K.R.
M.B.
G.T.
K. R.
C. L.
D.C.
T. E.
C. A.
V. K.
B. D.
K. K.

Anderson
Angerer
Blomquist
Blomquist
Brown
Cypher
Flick
Gabbert
Goodwin
Green
Greger
Hall
Hessing
Holt
Hughes
Hunter
Kato
Kelly
Lindemann :;

Mueller
O'Farrell
Ostler
Rakestraw
Rautenstrauch
Saethre
Sharp

__Sharp
Sowell
Steen
Walrath
Wills
Winkel
Woodard
Zander


