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‘ ABSTRACT

_ This report presents the results of a study of secondary plant succession on. disturbed sites
created during initial site mvestlgatlons in the late 1970s and early 1980s at Yucca Mountain,
NV. Specific study Ob]eCtIVCS 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 envnronmental variables that influence succession on disturbed
sites. During 1991 and 1992, fifty sevfen disturbed sites were located. Vegetation parameters,
disturbance characteristics and envrronmemal 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. Vegetatlon on disturbed sites, after an average of ten years,
was different from undisturbed areas. “Ambrosza dumosa, Chrysothamnus teretifolius,

- Hymenoclea salsola, Gutierrezia sarothrae Atriplex confertifolia, Atriplex canescens, and
Stephanomeria pauciflora were the most dominant species across all disturbed sites. With the
exception of 4. dumosa, these species were generally minor components of the undisturbed .
vegetation. Elevation, soil compaction, soil-potassium, and amounts of sand and gravel in the

- soil were found to be significant env1ronmental variables influencing the species composition

‘and abundance of perennial pl_an;g, on disturbed sites. The recovery rate for disturbed site
secondary succession was estim'atéd “Using a linear function (which would represent optimal -
conditions), the recovery rate for perenmal 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 studles and site- specxﬁc reclamanon of disturbances are

presented. ' C : - :
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| 1.0 PURPOSE

During the late 1970s and early 1r980$ 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 Mountam Results from this study can provide insight into
factors that control plant establrshment on disturbances, aid in the development of reclamation
studies, and ultrmately aid in the: development of techniques for reclaiming disturbed sites.

~ Three specific objectrves of the study were outlined in the Reclamatlon Feasrbrhty Plan (DOE
1990):

Y
R

1) determine the rate and success of natural revegetatlon processes by comparmg
disturbed sites w1th ad_]acent undlsturbed areas;

2) | identify plant Specres found across all disturbances and within vegetatron
assocratrons whlch are sultable for use in site-specific reclamation;

‘3) ‘1dent1fy env1ronrnental varrables at drsturbances that may enhance site
reclamation success ‘

The process of secondary plant sixcceSsion 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. composmon 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 srmrlar 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 sorls and microenvironment so that species that are not
adapted to the harsh condmons of the drsturbed site can later re-establish (Vasek, 1983).
The goal of this study is to better understand the natural succession process including the rate
of succession at Yucca Mountarn 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 sxte-spec1ﬂc reclamatron plans to successfully restore dlsturbances at
Yucca Mountam : :



2.0 LITERATURE REVIE)

Natural succession in the Mojave Desert appears to be a slow|
Vasek, 1979/80; Romney et al., 1980; Wallace et al., 1980;
Carpenter et al., 1986). Carpenter et al. (1986) reported that
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 {

(1983) stated that natural revegetation of disturbed areas in

W

b

process (Vasek- et al, 1975a b;

Webb and Wilshire, 1980;

secondary succession on old -

to 100 years for perenmal plant

and Archbold (1980) estimated

sonstruction was 100 years and

e Mojave Desert is a process that

that more than 300 years may be required for long-lived per%nma[s to re—estabhsh Vasek

may require centuries for the disturbed site to have comparah
_abundance, biomass, and structure to that of the original plar

Secondary succession studies conducted in the Mojave Desert
seral stages, disturbed sites are dominated by short-lived and
(Wells, 1961; Vasek et al., 1975a; Webb and Wilshire, 198(
a severely disturbed borrow pit was dominated by short-liveq
" and Stephanomeria pauciflora, whereas undisturbed areas sy
dominated by long-lived perennials such as Larrea tridentata
author concluded that the long-lived perennials were remov

le species composition and
t community ‘

 have indicated that in the early ‘

intermediate-lived plant species
). Vasek (1979/80) reported that

shrubs such as Encelia frutescens

rrounding the borrow pit were
and Opuntia bigelovii. The

during disturbance and

d
approximately 9 years was required for long-lived perennialjseedlings to appear in the-
f

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

present again shortly after the disturbance has ceased. Th:%h
perennials species such as Larrea tridentata, Krameria grayii
which react negatively to deep soil disturbance and are gene
years may be required for seedlings of these long~11ved pere;
disturbance; however, once established, these plants can per

Several plant succession studies have been conducted on the
such study was conducted at the Wahmonie ghost town (locy
kilometers east of Yucca Mountain). Wells (1961) reported
 areas at the Wahmonie site had greater numbers of Stipa spe¢
Ephedra nevadensis than undisturbed areas. Larrea tridentd
in the disturbance, but were dominants in the undisturbed
Wilshire (1980) visited the Wahmonie sites 24 years after
(1961). They noted that after 51 years, the most severely
reduced densities of long-lived perennials such as Larrea tri
Lycium andersonii, which were dominant in the adjacent un
. Hymenoclea salsola and Stipa speciosa was greater in the d
undisturbed control. The authors noted that cover and deng

2

plant species response to soil
ioneer or invader species such as
cies tended to be sh@rt lived
group included long-lived

ter soil disturbance, (but are

ird group contained long-lived ‘
and Eriogonum fasciculatum

rally removed from the site. Many_
nnials to reappear in the -
sist for a great many years.

Nevada Test Site (NTS).” One
ated in Area 25 of NTS, 20

that after 31 years, Jthe disturbed
rciosa, Hymenoclea salsola, and -
ita and Grayia spinosa were absent

adjacent to the site. Webb and
study conducted by Wells -

€as
£ et
disturbed areas (former streets) had
dentata, Grayia spinosa, and
disturbed areas. Cover of ‘
isturbed areas than in the adjacent
ity of perennials wai‘v, greater in the




' levels Areas' w1th3h1ghzcompactrontlevels had hrgher» densnles and cover,of short-hvedg = 8

- ;dlsturbed area; however the specres d1ver51ty was?less m"the.dlsturbed site.” “The authors
suggested that the rate of revegetation at the old town site was related to the soil compaction

57 '., "*53&‘3‘& r. fﬁuultgmgeqaz ﬂﬁinl‘al &S quzr::ﬁ i&;‘y H Bﬁzg

vreported am iricrease: in' the‘dens1t1es of Larrea tndentata and Ambrosra dumosa after above

. averageé‘rainfalliduring summer: -and:winter: months §The gauthorS*also -noted ;that specres such

as Larrea'tridentata Ephedra nevadenszs,eand Lyczumrandersomz resprouted »fromrexposed g
roots in thesdrsturbed area’ @:Plant*successmn studies were conducted. at NTS to,determine the -
effects of aboveground nuclear testing (Shlelds and Wells,1962; ‘Shields et al., 1963). The.

- &nnual spediespiSalsola kali; was*foundu 10 have;the: hlghest density:in. areasiwith greatestisoil ;1
- disturbince-creatéd by nuclear:blasts;-however! the: abundance of; this; ispecies.declined after; A
.- years® *(Shields ‘etzal $b1963) % Within foumyears;&perenmal ‘Species. such~aSwAmPlex .canescens;s;.
' Hymenoclea salsola; Oryzopszs hymenozdes “and Stzpa speczosa‘mcreased in numbers on-areas -’

. ULDLUL UCU Uy auuuspuc:l lb LCDLD wucu uumycu uu wu.u auJa.uCuL uuulbLUL ucu d.lCdb \L)MLCLUQ CL a.l Iy
1963) : vgi:zsu:a“ *uawmm ;fn ufx,, W'rsl\&: i mw \‘L_g

s SP eClﬁC~env1ronmentalrWar lablesr(wnh? e‘ﬁxceptlon of soil; compactlon measurements of«‘Webb -
and\Wllsh 1980) and how these relate to secondary plant successmn »Past studles of _ :

sdio gl i sws*"auu ih o b
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_‘“4.0 MATERIALS AND Nmfmons

Fens -fDurmg 1991 drsturbances that ‘were created prror to 1987 'at Yucca Mountarn were mventorred o
-, to determine their: surtabrllty for use. in this study. Sites were chosen if the size and shape of
S the drsturbance would accommodate a’ sufﬁcrent number of transects.~ Also, sites chosen were -

o ‘not active dlsturbances Frfty-seven dlsturbed srtes (Flgure 3) were selected across all

~* vegetation associations ‘and the sites were cla551ﬁed by dlsturbance types (i.e. drill pads
o -cutslopes etc. ) that occur in the Yucca Mountam area. e' s
) 'Lme and belt transects were establrshed and quantrtatlve vegetatron measurements of cover and_
dens1ty were collected during July through October in 199l and 1992. Depending on the size
of the disturbance area, +three to six line and belt transects. were estabhshed ‘Transects were

estabhshed at random dlstances from a defined baselme edge and at one random distance from -

i an edge perpendrcular to’ ‘the baseline edge (Figure 4).’ Lme transects for cover measurements < R

were 20-m- long and were generally established parallel to each other with distances between ]": :
‘LU.CUJ CAL—CCUUJ.E .) iil. AlailebLb Wwcic Lllbl.allCU pcrpcuurcurnr auu uuwuuru \u alupurg} LU LUC '
4_;_:perce1ved direction of water, runoff (Figure 4).. Belt transects (2 X 20 m) for densrty

o :measurement were adJaCent to each lme transect I S e .

v20—m cover ‘transect. Each belt transect was divided into ten 2-x2-m quadrats L1ve .
'] erenmal ‘specres present m each quadrat (annual specres were not recorded) were counted and L

~ As with couer 1992 densrty measurements from the ESPs were used for undrsturbed area
'fl.dens1ty Densrty measurements collected on ESPs were srmllar to that of dlsturbance areas S
'ergcept that samplmg occurred on eight to ten 2- x 50-m ‘belt transects contammg twenty-ﬁve 2- S

i 2-m quadrats As w1th drsturbed areas, density was expressed as plants/m2

a2

,. COVER r ' R .
. W1th1n drsturbed areas at l-m mtervals a long each lmc transect five pomts 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 hvmg 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 fractron) cobble (8to 25 cm), orrock
(>25 cm) was recorded. The number of points for each specres 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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YMPO4205.

i YUOCA MOUNTAIN
SITE CHARACTERIZATION PROJECT
 PLANT SUCCESSION AND
ECOLOGICAL STUDY PLOTS
245 WITH DISTURBANCE FEATURES
P =

Location of plant succession study plots (disturbed sites) and Ecological Study Plots

Figure 3.

(ESPs; undisturbed sites) used for plant density and cover data collection at Yucca Mountain, NV.
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enil camnlec ware rallertad
cotl camnlec were collected

nding:

quadrats acted as the experlmental
e as the: expenmental unit for ..

calculatxon'of cover in the statistlcal analyses “For’ comparlsons of sites; vegetatlon
‘ assocmtlons “and disturbance types, means and standard errprs were. calculated from the

density and cover values for the experimental units.




their associated ehvnonmental varhlable'is
(CCA) ordrnatlo'n (afmethod ‘of‘@rrangin;

. O S U I I B i, i R oy
each other toassocrated:en uonmental‘t

) Dommance-dlversrty (alsovknow,as/rank-abundance) curvesrwere used:to:examine the ez szt - -
o successronal status of: dlsturbed sites compared to that of undlsturbed sites. A dommance— SR T
P d1vers1ty Curve: mtegrates specres rrchness diversity,:and evenness.(how equal specres o
abundances are to. oneanother) into one dlagram and allows' ‘comparisons of these attrlbutes to ‘
,other sites The. curve. 1siaf'plot oﬁthe relatrve or proportlonal abundances: of specres for asite’
‘or’ sites.on a log scale’ ‘against therr rank from most to léast abundant thus formmg a.curve that -
can be used in descrrbmg the evenness of species distribution and relatrve ‘Species dommance
L ‘(Kent and Coker 1992) ~If a site 'fhas a.dominance d1versrty curve that is comparable to that of
another srte then the srtes are: relatrvely close in therr successronal status. However 1f the

', -.ndlversrty curve""than that- of another srte th1s may mdrcate that these s1tes are m drfferent,
, successronal trajectorres

;:46 SUCCESSION RATE CALCULATIONS e

- For thrs report successronal rate wrll be defmed as the time requrred (m years) for a grven
", vegetation parameter at a drsturbed site| to recover to a point that meets or exceeds that of .-

" adjacent undisturbed areas, Generally, in past studies of succession in the Mojave desert, the
succession rate was calculated from the ratio of undisturbed to disturbed covet, density or -
biomass multiplied by the age of the disturbed site (e.g. Vasek et al., 1975a b; Lathrop and
Archbold, 1980; Webb and Wilshire, 1980; Lathrop, 1983; Webb et al., 1988). The
assumption behind this calculation is that the relationship between disturbed site .age and the -
amount of a vegetation parameter 1s finear. In actuality, the relationship ¢ could be linear,

“exponential, or logarithmic due to species composition and environmental factors at 4 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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Data on perenmal plant

ere:'compared

it {7 "’:"‘,'U

0 :determme the ’fateof frecoverir and the '

Rl

ith ‘1sturbed areas (Flgure 8)
it ,'FA canescens, were mmor \components in’

“*ramosissima, M. spmescens and L andersomt with the addmons of Larrea tridentata and
= Grayza spinosa (Figure 8). Perenmal spemes ‘richness (number of separate species) was

greater on undisturbed sites (Figure 9)." Fifty eight perennial species were found across all 4 '
~undisturbed s1tes whereas 43 species were found across all disturbances.”

*-Bare ground, gravel, and cobble cover means were greatE:r in disturbed areas. In-contrast,
plant litter cover was greater in the undisturbed areas (Figure 7). These differences are a g

L s

13
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the _mﬂuence of Bromus rubens Whlch had. the hlghest plant cover on undisturbed 51te§ . Figure
: ,10) ‘Thls cover’ e can was almost 3 tunes greater than Salsola iberica whlch had the hlghest

O ——

1 Campmteg ™

: components ott completely absent from’ undlsturbed sites (Flgure 10) ‘B. rubens and Amsmckza}’. -
tessellata had the hlghest cover in undlsturbed areas, and were major components of the, annual

3
¢

i
i

For md1v1dual} .pec1es across all sites, estlmated succession rates calculated from the" ratio of
S undlsturbed to dlsturbed cover/dens1ty *‘multlplled by the average age of the dlsturbed sites were.
‘ qutte 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
7+ and.1,101 years, respect1vely Specxes such as A. confertzfol'a and H. salsola had

419
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=3 _Ja,

2

= oF lmdlsturbed arcas represented by the column.

Table 1. Estxmatcd rates of successmn‘ (years) for perenmal plant specxes

Sp : ;
thereforc a Tate’ cannot be detcrmmed SPCCICS havmg a blank mdlcate

found i dlsturbed and undlsturbcd snes at
i turbed to dlsturbcd cover or dcnsuy by -

» Anstz purpurea
An_emesza spmescens

_ Encelza vzrgmenszr ’
SR Ephedra nevadens:s‘ S
%y Ephedra viridis® *’ . g :
Enogonum fasczcdl?ztzlm )
 Eriogonum inflatum .+
 Eriogonum microthecum

.. Erioneuron pulchellum
™ Eriogonum umbellatum
. Euphorbia albamarginata 'EUAL 8 20
= Grayza spinosa” | GRSP 1101 9

122
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" Larrea tndentata"i
 Lepidium densiflorum

et o et o s
i

Scientific name

RO EN
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Bio Cover sl B

Gutierrezia sarothrae V
H0P10Pdﬁ15iz§‘CObpéﬁ' :

’Hymen'oéle‘a’sdl.s‘bla ’"
Juriperus osteosperma:
Krameria'parvifolia

Lepidium fremontii
Leprodactylon pungens
Lycium andersonii '

Salazaria

. N
e #*ir‘kh-‘ K&t-xzvl‘,_&m

Sclerocactus poty

A ade ISR LY Qf.x,..) [{} 32 it

St.symbnum altzs.s :
Sianion. W tfm;::‘ amm
 Sitgnion jubatum., ...

FR LI PN 1nd ks ‘Jf :
Sphaeralcea ambzgua
Stephang(;le 1

Stipa spqusa

YEES

Yucca brevzfolw

R i

i ""‘ ot e%,

Average site age
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success1on Tates of, 6; and 8 years respectxvely, mdlcatmg "ho

v«l«e T Sd!

from disturbance; Again, these estimates are based on the asumptron ‘that the rate of
- succesmonc_rsetmear, }‘so,thes‘e values:should be ‘interpreted :as opt1m1st1c ’ :

For determmatlon of the mﬂuence of 1mportant environm f Nt
-succession, perenmal plant cover was chosen as the’analys1s
was chosen over dens1ty and total plant cover because it dloec
-year. Total plant cover »ﬂuctuates yearly: due to-the: mﬂuenc
density numbers can be skewed by an abundance of seedlmg pin one year that:m:
the nextwyear Therefore perenmal plant cover is probably tthexbest variable for p
_comparisons such as in this study’* Also, perennial‘plant cover:
-den51ty, and s1ze (canopy area) mto one analysrs varrable ? ‘

. ;w‘* ’-.-
; : . 5

s. 2 1 SITE CHARACTERISTICS

<o, 05) env1ronmental varlables (Flgure ¢12) In Flgure 1 &b p
‘_-mﬂuenc_lng envm)nmental varlables,ls prese ted‘" Thl distuib

ofx 4

;env1ronmental varlables and are mdrcatxve of the drrectron‘ d propomon of mamin
. .of the environme: ntal varlable (Kent and Coker 1992)"“ ”gzreater the lengthjo
" the greater the amount of change in the’ envxronmental varia Ir for that dlrectlon

) "..arrow can be pro_;ected backward for change in’ that dlrectslo ) and the more hlghly
en ‘dlcular from the

Variable arrow 'ar "more d’c’fs‘ély o
in relatlon to the dommant '

perpendlculars close to of past the end of the envnonmental
correlated to that vanable. The varlablhty in dlsturbed :sltes

- and’ 10)

24
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"‘f*Flgure 12 Canomcal correspondence analysns (CCA). blplot for dlsturbed sites -
" and significant environmental variables for Yucca Mountain, NV. Sites are .
“classified by the vegetation association in which they occurred (Larrea-Lyczum- R

Grayia =LLG, Coleogyne = COL; Larrea Ambrosta = LA and Lyczum Grayza
= LG). For-location of the s‘tes see Figure 3...:

25‘



e A N et L i A e e

SeTitet e
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s, 222 SPECIES CHARACTERISTICS Bl

S The mﬂuence of envuonmental varlables on the plant spe01e<
©13, The influence ofa partlcular varlable on a spec1es can h= mterpreted the. same as
T descrlbed above for sites. Aca

!

ordmatlon is presented in Figure - - e

ﬂrsonu L., tndentata andA

- dumosa; occupxed d1sturbed s1tes'at low elevatlous w1th sandy soﬂs havmg relatlvely high
"potassium. “In contrast, C ramoszsszma Artemzsza spinescens, “Haplopappus lmearzfolzus

v

| v represented by the arrow projection. This elevational gradie

_.-The envrronmental vanables presented in Flgures 12 and GEL
anables mﬂuencmg specnes composmon’f’and abundance on disturbed sites.’ These , SRR P
nental variables ‘were correlated w1throther vanablesuH‘(see Appendxx Table 2); however -', SR

“The mﬂuence of env1ronmental varrables on 51te specnes con
hlghly variable among sites (Figure 12) “Because of this hig
dlsturbances at Yucca Mountain are not equal and cannot be
revegetatlon Because much of the vegetatlon work at Yu
a vegetatlon assocratron scale,s it may‘be approprlate to,exam exdistt C _
v within v.,getatlon assocratlons . Vegetation ; assocratlons are phmt assemblagethavmg similar =~ - €
e 'specxes compos1t10n and phys1ognomlc characteristics. Vegetation associations have similar " '

-sites havmg hlgh percentages ‘of sand and potassmrn 'msthe 3

clustered near

-.‘. x"\
N N

aw%‘

08¢ hhwn in the: dlagrams had the hxghest correia ion

o At g k-4
ordmatlons WASE

‘HARACTERISTICS OF DISTUlilBANCES WIT

Machaeranthera canescens and . canescens inhabited distjirbed sites at hlgher elevations. -~ - . €

. havmg low percentages ‘of sand and, potassmm in: the s01l ,Bnckellza watsomz Erzoneuron
* pulchellum, Leptdzum fremontzz,‘aand Chrysathamnus vnauseosus ‘were more. prevalent on.
: ~d1stmbep snes*havmg high percentage of gravel > 2 mm‘;?'l DW' “soil. penetrablhty, and low soil
- -potassium (Figure 13) Delphzmum partshu and Psorothamnus fremontzz occupled disturbed .

1l hlgh soil penetrablhtytand — 2

_ emfolws H- salsola; E ¥ mﬂatum
“and S. pauczﬂora that had relatlvely hlgh cover valueshm the disturbed areas (Flgure 8) are

the origin. This may indicate that these specxes occur in a variety of

e dlsturbances and are not strongly mﬂuenced b ajpartlcular

.nvuonmental varrable e o
f‘fﬁ» o e oo RS
were’ by"no means the only Y

the species and srte CCA :

. a "i::- ‘
HIN VEGETATION - -~

osition and mean cover was
varlablhty, characterlstlcs of .
eated.as such when planning o
Mountain has been conducted on

soils, ‘moisture, and temperature regimes that have allowed s
thrive. In Figure 12, the vegetation association of each site

ef»dlsturbance characterlstlcs

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

to rlght on the graph, the vegetation associations generally follow the elevational gradient

nt integrates the soil, moisture, =~~~ ¢

and temperature dlfferences that exist as one moves from high to low elevation, partlally

explaining-the grouping: of vegetation’associations along. the:

°1evat10nal gradient.! Since the

elevation/vegetation association gradient appeared to play a strong role in the species
composition dnd abundance at disturbed sites, - sites were categorized by vegetation association

and CCA ordinations were conducted to determine what env

ronmental factors influence plant

species composition and abundance ‘within the Separate vegetation-associations. .- e

26
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7 : '5 3 .1 Lyczum-Grayta Vegetatlon Assocratlon '

g greater respectlvely, than the cover of these spemes m the~ sty

) ‘A:f}‘Dor_nmance-dlversrty curves (also called rank ; abundance '
“distirbed LG sitesare presented in Flgure 16 In ithis study,| \
used" to examine. the successional status- of dlsturbed sites. compared to that of undxsturbed s1tes
“If disturbed sites have comparable curves to that of undlsturbed sites, then the dlsturbed sites
.. --are re}latlvely close in their successional status to” the undlstur
cover; values in the undlsturbed areas are at least present 1n

' r;nevadenszs G. spmosa, L. andersonu and E. fasciculatum
: undlsturbed sites, but had very low rankrngs or were comple
sites. - "_

: estlmated succession rates 'of-400 to 700 years. #i

- For d1sturb€d's1tes where perenmal “cover-data 'was- collected

(25) ¥ were located.in the Lyczum—Grayza (LG) vegetation assogiation. Dlsturb"
'~ forbs, grasses ‘and“'shrub’s‘ was substantially less than that of undisturbed sités in’this egetatlon ”

: ~ass001atlon (Figure 14). ‘Bare ground cobble and gravel cqver means were. great fol

' dlsturbed LG sites. However, plant litter was less on dlsturbed s1tes and thls ma)“'

‘ of the lower shrub cover-on these s1tes (Flgure 14) L -

i’ ‘V‘"@.\ﬁ‘

(Flgure 9). G. sarothrae, A. confemfolza C terenfollus,

were completel y absent from the cover mea ur ments at dlS

[
—— ")‘-«t}‘\?*

individual species encountered on LG sites was highly varia
such as G. sarothrae A. cory’emfolta C terenfolzus ‘and A
on the dlsturbed s1tes *had esttmated success1on rates of '8t6

tfw (

CCA ordination of the LG sites indicated that soil potassium,

growing season (October to March) precipitation for the fir

28.

_v‘-‘.ur:,Al

bhea result kS

Undlsturbed LG s1tes had more perenmal spec1es present (46) than that of drsturbed sites’ '(31)
| canescens, C. nauseous and H.

& -ztr.qs et g3y

1, tés ‘(Flgure 15)..{ Twoo_ R

bed s1tes If spec1es llavmg htgh -

le (Table 1). Generally, spec1es
canescens, that were dominants
16" years. AHowever ‘Species. 'such
f undlsturbed LG areas, had

3\; vw‘r“ .7:.2

‘ Average age of LG disturbances was 9 4 (:I: 0. 3) years Esgrlmated successron\rates of

Y )"l‘ ,;1{,@1( HGT

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

.significant environmental variables influencing species-composition and abundance - R

approximately half-of th‘e SItes B

_salsola had theéhlghest perenmal plant cover mieans in the disturbed areas (Flgure 15) whereas L B L
E. nevadenszs G spmosa L andersonu,,tEnogonum fasczculatum Haplopappus cooperz and L
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: elevatlon range 1s much less (1 230
- '-v1“780 m; 3,300, to S, 800 ft).-{Appa

- gradlent m the sorl morsture and temperature regrmes. -An i
:Frgure 17 Sltes that were’ pos1t1vely correlated with elevatrc

| ‘ the prec1p1tatlon varrable Thls ma‘y indicate that the specres
speCIes at the hlgher elevatlon-,LG s1tes were less dependent ¢

' years after dlsturbance iThe SI ecres ordination for LG sites
stymbnum altzsszmum, tand Azg,canescens were correlated to
' (Flgure 17). L. 1tndentata was. correlated to sites havmg gre:
precrprtatron three year ‘after dlsturbance. A. corg‘emfolza y
spmescens were‘ correlated*to hrgh elevatlonrsues "j_

b 3 ;

!

PR

n'.
5 .

9

" Fourteen of the drsturbed sites in thrs study were located in t

g

g '(Frgure 17) S As for all s1tes-*elevatlon appeared to mﬂuence
to.1,500 m; 4,000 to 4,8
rently, the elevatlon ranglyn

the LG sites even.though the.,
80 ft) than for all sites (1,015 to
within LG ¢ srtes still creates a {
dication of th1s is apparent in | ;
n were negatrvely correlated w1th
composition and abundance of
bn precipitation for the first 3
indicated that Hilaria jamesii, -
sites having hrgh sorl potassmm
ter-amounts of growing season
Machaeranthera tomfolza and A

i
'

\

he Larrea-Lycium-Grayia (‘I‘;LG)V"

_r f:rvegetatlon assocratlon fAverage forb grass, and shrub cove
2 from-1, 610 2.4 st

tlmes less than that measured in undlsturbed:
LG sltes bare ground and gravel cover was substantiall 'gr
on\LLG disturbed fand

ey

;~>’ LLG_‘siteSv (Flgure 9) H.,salsola C teretlfoltus, L tndent

-”’,'~md1?catlon that specres such A. duntosa, E. mﬂatum and fio
4 approachmg cover proportlons s1m1lar to those on und;sturb
f-Successwn rates for these species, based on an average age:
ranged between 14 and 29 years (Table 1). However, E. n

sz f'ic'éq 165

nevadenszs and the h1gh ranking of C. teretifolius in the dis
, that these sites are not yet approachmg the successronal staty

'f‘ Ls

. CCA ordmatron of LLG dlsturbed sites mdlcated that elevat

f:fift:t f}m}

ST I

P g

in. elevatio o

Aiiay Qo

variables (Figure 21). Aga n was a significant v
.. range for the-sites was 1,100 m (3,580 ft) to 1,315-m- (4,24

1

32

Svidensis tariked iow in the
d1sturbed cover.rankings and had an estimated successional fecovery tlme of 226 years. K.,
. parvzfolza was absent from the cover measurements (Table 1). The ',ow rankmg of E. _“ S
turbed sitesimiay be ' ‘an indication

s of the undlsturbed srtes

0 ft). Apparently, thisTange

Fon the dlsturbed sites. ranged &

a, and A. 'umosa,wlhadth G

ibly L. tndentata are”
LLG s1tes}(F1gure 20).. -
f 9. 3 years for LLG drsturbanc'

L

Shpen it pmeasens

jon, percent sorl orgamc matter, -
= and éxchangeable sodium in the soil were statistically significant (p=0.03) environmental =

vy~
UBLA

iable altho the elev atxonal
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= .docations, see-Figure 3. For : xplanatlons of species codes, see Appendix Table 1. -~~~ . 7
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" Figure 21. Canonical cone§poﬁdénpe ‘analysis (CCA) biplots for sités (a), ~ .=+
perennial plant species (b) and their-associated significant environmental variables © - i
for Larrea-Lycium-Grayia disturbances at Yucca Mountain, NV. For site

-locations, see Figure 3.:For explanations of:species codes, see Appendix Table 1. - ..
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-and cover of theseé LLG srtes

~The influence’ of orgamc matter may be related to site age s X

. in perenmal plant densny and cover over time;"organic.matter usually mcreases) or that ot

* original topsoil and vegetatlon may have remamed at the disthrbed site.”” In this case, s1tes 19 .
and 48 (Figure: 21) were" plots that had’higher orgamc matter and’th”imay be because these

. sites had crushed vegetatlon and little or no topsoil removed. )

B vegetatlon at these sites. mayﬂhave influenced the4p051t1ve cor

”-wrth orgamc matter : , S8 sy

3 .-x
Py
%

; g Y ’ - i
-';,jS1tes 29 and 40 were correlated to exchangeable sodlum High amounts (§)f exchangeable
, . :sodmm in the’ s01l are generally undesirable to many plants However plants such Atrtplex
wspp are adapted to hlgh amounts of sodium i m the\sorl _The [species ordmatlon for the LLG
““sites ‘indicated that/A. canescens was correlated to the exchangeable sodium in"the soil (Fi 1gure
21). High soil sodium may also be detrtmental to plant estafjlishment. Sites 50 and 51 (not
- shown in Figure 21) had hlgh _exchangeable sodium (3.5 and|10.24%. ~r$p&tively)__md1<Md, no_..:
. ;:j_perenmal specres present on the srte at the time of data collec : W b

.. Eight of the disturbed sites sampled-for perenmal,cover were' : eogy! a
“"vegetation association. COL undisturbed areas had- approxunately tWo tlmes -mo“re perenmal
= plant specres present than the dlsturbed COL srtes (Frgure 9) : : :

" was greater and plant lrtter cover was consrderably less on t e“’dlsturbed COL tes'(Frgure

C terenfoltus A. canescens H.,:]amesu H sgl_sbla and M. canescens ha

W :.."‘Nﬁ—@gznlv

- cover in the dlsturbed s1tes (Frgure 23). 4Of thes . Species,

T ¢ el
hese: specres were completely. o

: undlsturbed COL s1tes.WW1th the. exceptlon of A. dumos ., e
{;»n \‘ A . N ‘:i. . . c

~ absent in the COLdisturbed sites examined in- this study.

A comparison of the dominance-diversity éurvés for disturbgd and indisturbed COL sites gives .. —
an indication of the-difference in the successional ‘status of the disturbed and undisturbed sites

. (Figure 24).: Although.C. reretifolius and A. canescens had the highest.cover values in-the-.:
disturbed sites, they were not major components of the undisturbed sites. The presence of C.
rar_rt()sissima in the disturbed sites is encouraging, but:this species’; ranking in;the disturbed.. - -
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srte cover values is low when'compared to- undrsturbed COL-

recovery t1me for the two, und1sturbed site dominants, C. ramosissima and A. dumosa, based ;
1te age Ofglo 4 (;t 0. 3 SD) years A

“?\

}\‘ ; .

CCA.ordmatlon

l-..:l

varlables Because of the low number of s1tes for this vege
ts,wrll be

(§ﬂ

‘not statrst1cally 51gmﬁcant Therefore no resul

g
,ﬁ"&,

s e ————

el S o
o foour\

& comparable to the undrsturbed sites:(Figure 25). 'Gravel, 1o

gam the"

E An’ exammatron' of the dommance—dxversrty curves fi gr'?fdlsmr

t”;-‘aﬁﬁmdlcatlon of the successional status of LA dlsturbed sites
dommant specres in both the dlsturbed and undisturbed sites
g san; estrmated recovery time of 16 yéars (Table 1), L ndent

: ~-Acamptopappus shockleyi, which had high cover rankings-in
27) had recovery rates of 54 to 109 years (Table 1). Howev

o »;nevadenszs did not contribute to the disturbed sites’ cover (F'

mdrcatron that the successional status of these sites are qulte
: recovery times greater than 110 years

P
1

‘4.

B T a1 e e O . JORSR
B -

As wrth the Coleogyne vegetatlon association, the CCA ordr
“:environmental variables was not statistically significant. Th
env1ronmental variables w1th1n this vegetation association cq

4:k .
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was conducted on the COL“dlsturbed s1te p .akenmal cover -and env1ronmental,='

pre.

of the dlsturbed Sitds sampled ‘for perenmal cover océu
. vegetation association. These disturbed sites had average fory

-@substantlally greater in the ’dlsturbed LA sites; however bari

kites: -‘Estrmated successronal i ©

ras 241 years; 'and 471

rsonii, K. parvzfolla and
 an mdrcatlon thatthe -~ 17
than 400 years to approach that

ion assocratron the analysrs wa.s'f"»'- )

ented.

i
=

o Bt L et 5 2

red in the Larrea—Ambrosza (LA)
b and grass cover that was

, and cobble cover was -
rground cover was less than tha

b
l
l’

very low cover values or were

. 1 ;
)ed and undrsturbed sites’ provrdes
(Frgure 27). ’A dumosa ‘was the -

(Figure 27) and thrs species had
ata, L. palltdum and
the undistirbed LA sites (Frgure
er, M ;spmescens and E i
S i
] ¢

nation for LA ‘'sites and
erefore, the influence of
uld not be determmed
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are not shown. For explanatlon of spec1es codes see- Appendlx Table 1.

| “plant specnes found on dxsturbed and undisturbed s1tes mventoned w1thm the Larrea |
-Ambrosza vegetatlon | association at Yucca M@iintaii;; NV“"Elglit”s;[‘)“emes“

found on undlsturbed s1tes w1th"cover leSs than 0 05%
-~ a ~ ~




S

2

100

s le

R
5, \.vAMDU oy g v
3o B = & oy
M = - .
- G < 5 4 B g s
BOR ~ = o N~ B o
B R i 50, By e
. i A S L& B e 7'y 0 LAT
! "'). A ' . peodl e T"f P b R
ey T - e ; Somy PR A T
. ; i} # oA RN AR L A O
K ol Rkt N er | Radter ‘T '] ,3 R S
P ., . f p [ !
R £r L *; 2 g NG
N =4 i g > & T pee 3R tan
B : in v - il LR T It A
. o kel s S w7
S £, 5 e R -
- wWEo0 Bad B 8
. ) kel ‘¥ - B T
noLa o E A v EN e
10 A % SP R
P = =L e ..~
LISTPA = TR
- v p NN & PR g
i R SR I ‘ e L
MRS LY £ =
7, i 1 Ny ek L £
: o : Boor
. : - oy e b €5 L
- 303 eI
B . S Ey 3l i Z—"‘:‘,
ir CHPALYP, G .
N L5 et
: . oy A
. L "o
' Lo ] ot U
kK o O
! ; R I ok e S
" ) o s [
1 ’ - T h R R .

—

N i
0L ASE

-]
s
Yo PSR

.

. ey gt
| - I e 2N
. 2 B T
o) & 8

i

57 5

-
51

Ty

o
wfer -

RELATIVE COVER (% LOG 10 SCALE)

s

7 -
ES

! .
w3 ol &
e iy}
X8 r b
,::‘;,. L
“ [
i,
Rt

15

fhrgas | o
7 Wl b L
pecnes shown were the top*elght domman“’" AR

$CRBL




"ERISTICS OF DISTURBANCE TYPES

i

.' 4,3

Dmturbed sites were categorlzed into the following d1sturb

"g 17

& 4ar

jgi

% (ar{as where topsoxl‘ ;-d subsoil were removed and us
9a) 2) cutslopes (areas’ were an exposed slope was created
3) drlll pads (an area cleared of vegetatlon

Ry

l ' L
Forb and grass =cover ‘was not s1gn

ﬁcantly d1fferent among '.f
co_mparable to that of the undlsturbed sites (mean of all und s 2d.sites). (Fi,

,,.»vm.»-..’....-..‘wa»-?.';-.f-v.m-,v—,-—rw.’ :
' -k

I J .g .
v etc ) may be an 1mpoMnt factor

ion about subtle dlfferences m the -
thIl plans for d1sturbed s1tes '

&ce type categories: | l) borrow N
d.fof.fill maitenal as in Figure |
byibthe removal of soil material as

1&4 o

equently havmg
ed ' ot

were less than that for undlsturbed areas (Figure 32): i Sp:,
‘ vegetauon crushed sites. Dommance-dwersnty curves for
areas indicate differences among the disturbance types in s
cbver (Figure 33) In borrow areas, A. .canescens and C. ¢t
species. On cutslopes, G. sarothrae and A. confertifolia
inflatum, G. sarothrae, A. canescens, S. altissimum, and Q..
‘of Cover on drill pads. “On-areas where vegetation was:crus
followed by C. teretifolius. With the exception of A dumg

major dominants in undisturbed sites.

S R

46

es nchness was he lowest for L
disturbance types and undisturbed
ec1es composmon ‘and relatlve .
retzfolms were the dommant
d the hlghest relative cover. E.
teretifolius were major component
hed “A.-dumosa was-dominant;-
sa, the abox(e_ispemes were not .

Al!f.‘“r



ccAAXis2

CCAAXIS 1

K M
e v - \ :

-$ BORROW A CUTSLOPE . PAD . VEGCRUSH

}Flgure 28. Canonical correspondence analysm (CCA) biplot for disturbed sites and
significant environmental varlables for Yucca Mountain, NV. Sites are classified by the
following disturbance types: borrow areas (BORROW), cutslopes (CUTSLOPE), drill

pads (PAD), and areas with crushed vegetauon (V EGCRUSH) For locauon of the sites,
see figure 3. \

i
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Figure 29. A borrow area (a ) and cutslope (b) disturbance used for disturbed
habitat studics at Yucca Mountain, NV.
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Figure 30. A drill pad (a ) and a crushed vegetation disturbance (b) used
for disturbed habitat studies at Yucca Mountain, NV. B
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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 vegetatlons (VEGCRUSH)
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SPECIES RICHNESS

DISTURBANCE“TYPE

Figure 32. Species richness (number) of perennlal 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 vegetat1on (VEGCRUSH) '
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Figure 33. Dominance- dlversny curves for relative cover (%) of perennial plant spccies for disturbance types and undlsturbed
areas Yucca Mountain, NV. The disturbance types were as follows: . borrow areas (BORROW), cutslopes (CUTSLOPE),
| drill pads (PAD), and areas with crushed vegetation (V. EGCRUSH).”Spemes shown were the top.seven dominant spec1es in ¢

disturbance types and undisturbed areas. For explanatlon of species codes see App-ndix Table 1
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SUCCESSION sty

ceghbiunl e aonorsn

Disturbed site revegetat1on at Yucca‘Mountam was pr1mar11y mﬂuenced by-site locatlon and
soil properties: -The dlfferences in s1tes ‘as dlsplayed by theéir correlations with the location -
and soil ‘énvironmental’variablés; ~mdlcate the site-specific nature of the env1ronmental Symre
influences at Yucca Mountain.. As seen in the canonical correspondence analysis biplots;:: =
individual sites and perennial plant species could be grouped according to their positive and
negatlve correlat1ons w1th the dommant env1ronmental varlables (Flgures 12 13 W17, and 21)

& N p f‘.’"}; o FRE:
Elevdtion was ’the ‘most-highly* correlated varlable mﬁthetcanomcal correspondence analysrs
~ across sites. The correlation of elevation with species composition‘and abundance on X
.~ disturbances was an indication of the soil and microclimate differences imposed by the change

in elevation from the summit of Yucca Mountain down to Forty-mMile wash (Figure 3).

Specres composmonal differences along this gradient were evident in the CCA biplot for

perennial spec1es (Flgure 13) : tSpecws suchias Cisramosissima;; A ‘tridemtata; and H. jamesu

o W08 o d koo EX

had ‘the” greate t cov_er~ at~h1gh elévatio ons Whlle Anshocklexl*andz Cs pamculazus had. the greatest

&fﬂ:#u‘&;ﬁ?t B

categorlzed by vegetat\ N association

compos1t10n and abundance on= the ldlsturbed srtes w1th1n2 the 'Lyczum Grayza andzthe Larrea— nE

( ercentlsand mﬂuenced the"spemes
.composmon and abundanceion the dlStllI'bed s1tes.“}f ‘withtelevation soertain perennial species
were hlghly correlated with specific soﬂ factors (Figure 13). The high degree of varlablllty in
sites' was agam an mdlcatlon f thé'-sité‘lspeciﬁéifresponses‘ato dlsturbanc‘e.

et

For ‘the purposes of: reclamatlon planmng, itiis® 1mportant ofknow the ifactors ‘that. w1ll Gzl
influénce the success or fallure %f reclamat1on at:asites In ‘this study;:the determmatlon of the
envuonmental‘tvanables mﬂuencmg dlsturbed site succession will-aid in: deciding-how: these
variables can'be’iised or manipulited 0 improve the‘success ‘of reclamation. \In the case of
elevation, thisis location spécific! “and cannot be manipulated. However, soil factors, in most
-cases, can be manipulated.- Soil compaction could-be alleviated by ripping or disking. Low
amounts‘6f potassiuin could be mitigated by: adding fertilizer. :In the case of the Lycium- - -
Grayia vegetation association, ‘thé amount of precipitation for the first three years after
disturbance was a dominant env1ronmental variable, especially for sites in the low elevational
range for this association. - This could be rmtlgated by xrrlgatmg a site for the first three years
after seedmg the site. . l i s .

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

33



each disturbance type could not be gleaned:from the data sirjce they were scattered across the

elevational gradient; however, the individual disturbance types did differ in species _
compositiondnd’in’ relatiVel‘amQunts?Qf;forbs 7grasses;andsshirubs (Figures29- and 31):=Some ;. s €
of the effects of disturbance type could be mitigated in reclEatlon Borrow. areas .could have

Cutslopes, if lackmg in’
sufficientisoil,; icould have-topsoil imported: to.them.and respread. Drill:pads, in many cases,
were-constructed with imported soil used to,level the pad. These soﬂs‘(tended to be .very,.
compacted compared to.other: dlsturbance types Compactlcn could be allevia ed by, r1pp1ng or

N . . vy oncaRive ey
topsoil respread over the sites to improve the growth mediu

Each dlsturbed s1te at Yucca Mountam dlffers by the. dlsturbance type and the envnonmental
- variables influencing plant species composition and abundarice. Because these mﬂuences vary
by site; and :as.with: elevation;. some;cannot. be: mampulated reclamatlon  plans should to e, T G
prepared on-a: s1te-spec1ﬁc bas15 wie s : 1 . '

6.2 DISTURBED SITE PLANT SPECIES

Az '*dumo‘s % "rteretzfolms ~H, alsola, ;Gv saro
paucifioraiwere the:most:dominant: plants;across all dlsturbe
subsets :of ithese’species: bemgsdommants in each of; ~the_

- 19 23,;26) aiThese:species generally-have, characteristics.c
and/orrhavewwmdblown seeds:Rowlands; et/al, :(1980), L
majority of species dommatmg sites, after. a. dlsturbance tend
C. teretifolius, G. sarothrae, and . pauciflora produce sm3
easily ‘dispersed by:wind.:.H; salsola;ids: sconfertifolia, -A:.canesc
produce winged seeds:::A::dumosa;is;a-prolific seeder; (Vas 9
“seeds:thaticansbe dlspersed by wmd :orvin;the fur:of: 'pass' ng ani

/e el Lk x A -';“-’AS.‘,..‘;' : l;iii

‘most of the native seedbank Recru1tment of new plants intp these dlsturbanceslapp;ears to.
have been:via;windblown seed from:the adjacent undisturbed areas... The low abundance or.. ;
complete abseénce of species-such. as E. nevadensis;:L.-andepsonii; and M. spmescens (Flgure ;
7) may:partially:confirm: this.};E: nevadensis and ‘M, spinesgens have ‘heavy. seeds (when -, ; €
compared to the windblown seeds) that may depend on rodgnt caching or overland flow of
water for dispersal: Otherwise, these species establish in clgse prox1m1ty to the mother plants
L. andersonii has. small. seed:contained in a. fleshy, fruit... THis species’ dlspersall, may depend on
rodent caching:or by birds: eatmg the fruit:and later; dlspers' g the seeds via thelr feces. The -
lack of vegetative cover on disturbances may reduce rodent|caching because of - mcreased _ &
chance of being preyed upon, and the lack of vertical structure provided by larger shrubs may-
reduce bird use of the sites, thus, reducing fecal deposition|of seeds. Therefore recruitment
of E. nevadensis, M. spinescens, and L. andersonii from seed may be limited to the
» disturbed/undisturbed vegetation edge.
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The species-described above that'%ihave; 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 componehts of the undisturbed sites (the exception was A.
dumosa) ;ithey:may:not beisuitable if the-long-term;objective of reclamation at Yucca Mountain
~ is to return‘disturbances:to:a:form and productlvrty similar to-that:of the undisturbed site- (as
stated in the'Draft:Reclamation Plan for. Yucca Mountain, DOE; 1989)..‘An understandmg of
how species ‘dominant in drsturbed sites influence. the long-term succession of sites is important
in‘detérmining the Suitability of a'species’for-use in reclamation. .Connell and Slatyer (1977) ,

" outlined .three models of:succession after:disturbance:;i1), facilitation, 2) tolerance and 3) -
inhibition. The facilitation model describes a process where early successional species .
facilitate the ingress and establlshment of later successional species (Pickett et al., 1987). The
tolerance:model-describesa process 'where species-establishment -is dependent on whether. it
can'tolerate’the: 1mt1al ‘conditions- of . the «disturbed-site: (Pickett et. al :1987).«The-inhibition

- model describes.a process-whereilater: successronal species cannot establrsh in.the presence of a

healthy early successional plant community (Pickett et al., 1987). If species dominating '

disturbed sites at Yucca Mountain act as facilitators, then their use would be beneficial for
reclaiming:disturbances.:sHowever -if jthe species that.readily establlsh on-disturbed sites -
inhibit or ‘at’least increase thé’ tlme for establishment of the species that dommated the s1te e ;;
prior:to:disturbance;’ then:they: are not»sultable for:reclamation. ;Condltlons at-the.disturbed
~ sites could be 'so harshithat: species: dommatmg drsturbances are:theonly: specres that can

. toleraté the: condmons Research* needsvto be- conducted:at YuccaaMountam 10, determme ;

whether:species dominating dlsturbances dre. facrhtators,gmhrbrtors :OF- tolerators uResults;:from-

these studles wrll aid in determlmng the use of these specres for reclarnatlon ' :

Y '-‘ droy ST T ]
JM“_A {*' e },22 o 3::?;,,»., § b

greater. cover of these specres -on. srte with sandy soﬂs :B. watsonu cover was correlated w1th
soil gravel.amounts. This speCIes may-be suitable on: s1tes where the amount of soil gravel ...«
cannotibeichanged via.topsoil:additionior some:other means.;:A portion of;the disturbed srtes :
within thé:LLG:vegetation association;were correlated: with exchangeable sodium in:the sorl

(Figuf€ 21)#%A. ‘canescens and P: fremontii.cover was highly correlated to. exchangeable i 4
sodium giving an‘indication’that these species may be suitable for use on this type of site:: . - .

{ X .
\. .

6.3’ NATURAL REVEGETATION SUCCESS

o e A

o0 CeBAE VAT i e BLaT T SRt sl i el < 4 ¢ i
<For the- purposes of th1s ‘study, the " ‘success” of natural revegetatxon (secondary successron)
will be defined as how similar disturbed plant community attributes (perennial cover, densrty
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 reclamatlon 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". Usmg this criterion, plant communities on the disturbed sites at

~
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. Yicca Mountainappesr to be"cjuite"different“from ‘the undistiirbed sites in. regard to their . - :
species I‘lChIlCSS, ‘total’ densrty ‘and total:cover:of perenmals (Figures 6, 8,:9).. '

crg iy sy hatunsibon sl "o g 3] *E_{gf.i::y FERLCRRR TR :
‘Actoss-all‘sités’ the perenmal plant'species:found on the-disthrbed sites were: also: foundtm the
undisturbed sités;- howeverj-the'dominant:species: o disturbed sites were: generally qurte
different from:the undisturbed areas. -Disturbed areas were-dominated by species that . .. ..
genérally had low cover:in the undisturbed dreas: This trend has been documented in other .
studi€s ‘of Mojave:Desert disturbances (Wells, 1961; Webb:and Wilshire, 1980; Vasek; 11983;:

Webb et ali; 1983).“Apparently;’ the factors descrrbed above regardmg seed drs,s,emmatronfand ’

establrshment mﬂuence this trend

' dlsturbed sites i§ another indication:that'natural révegetation jhas not:been: successful -up-to th1s
‘point: Theé dominant Spécies on-undisturbed ‘sitesare a.critigil component in providing the .- -,
original form and productivity of a site. Vasek (1983) stateq that species dominating
* undisturbed sites are usually long-lived perennials that respond strongly and negatively to
disturbanice"and requlre long periods-of.time to:re-establish.|-However.once- these species "
becormé establishied; they cin - persist for several hundred yeaLs {'The re-establishment of many
 of the: specresf~dom1nat1ng undlsturbed s1tes onto drsturbed sifes:at-Yucca: Mountam may:be .z
d: by irements:of ; thesefspecres s For #z1;
y|five: years, and1 requrres it least'a+
eds to germinate: (Pendelton etals
ata_seedlings. aftena period. of .
mbmatlon of events m the :

: 14°day’ per1od of freezmg temperatures for ‘the majorrty of S
1993). Sheps (1973) reported-establishment of Larrea tride:
_ ‘hlgh temperatures and hrgh ramfall in Death Valley (a rare.

' -reported that the‘condltlons for opttmaligermmatlon (m the 'aboratory) of L etmidentata were el

darknéss? aitemperature of 23" e (73°F)i+leaching mericarps‘with running:water, exposure to.
cold ‘temperatures prior-to sowing; and maintaining the sowing medium at near-zero osmotic -
pressure and 1low: in' salts: “The author stated that the combinationof these events;may:be-a tare
occurrericesin’thesnatural:environment of:deserts::-G. spinosg,‘a:dominant in the Lyciums- ..
Grayia vegetatlon “association;requires- a-cool;  moist; seedted. throughout the .late, falliand : .
winter mionthis iri-order to'have optimal ‘germination in the spring-(Shaw et al., 1994). The
‘'specific fequiremnents and‘the narrow range of tolerance displayed- by these specxes may ‘hinder
their establishment in most years

— i

e

The lack of natural revegetation "success” on disturbed siteg at Yucca Mountain may also be

the résult-of:the’ type and condition of the disturbarice. Wehb et al. (1983) state that conditions -

of the disturbed site may be so different from the undisturbed community (e.g. degree of

' compaction, amount of topsoil, etc) that the resulting plant community may-have a species
composition and abundance that is strikingly different from jthe undisturbed site. If these
conditions persist, the site may never be similar to the predisturbance plant community. Since
the majority of the disturbances at Yucca Mountain have had topsoil removed, bedrock.
exposed, or are compacted, the conditions may be so harsh [that the successional trend may-be
toward a plant community different from the undrsturbed sites. Because this is/a point in time
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_ study and these dlsturbances are relatrvely young, future-visits to.these dlsturbances will be. .
requrred to determme a more accurate descnptron of the successronal trend. e o noen ;5

0 Ueina vy i e
]

“i‘%SUCCESSION:RATES EERRTE PG ST
Bt oy olb gl oo v e . S A
Average perenmal den51ty and cover on d1sturbed s1tes :was 30.t0; 37% less than that of

- undisturbed sites after an average: of 10 years.. The estimated succession rate,. based on the
“optimistic". linear extrapolation, rindicated-that perennial plant .cover (without consrderatlon to '
the species composition and -abundance comprising the cover): would rteach that of the..: - : .
undisturbed areas after 20 years (Flgure 11). The succession rates estimated using.the
logarithmic extrapolation can be viewed as a more probable rate of recovery because this
function more closely represents plant community growth rates. Vasek et al. (1975b) stated
that secondary succession in the Mojave desert would be expected to have "slow initial

" regeneration, rapid intermediate development during an exponential phase, and then slow and L

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 estrmated 845 years ‘would be required for cover on dlsturbances to reach that
of undlsturbed areas with this extrapolatron :

The above descrlbed succession ra}tes for perenmal plant cover. do not take into consideration.
the species composition and abundances that comprise the cover. As seen in Figure 7, the
species comprising the total plant cover on disturbances were quite different from the
undisturbed sites. If disturbed sites are compared to-undisturbed sites with regard to the
undisturbed site species composition and abundance, individual recovery rates<for the ten ‘
undisturbed dominant species (based on cover and the linear relatlonsh1p) ranged from 31 years
A. dumosa) to 1,100 years (G. spznosa) (Table 1). If the end product of secondary successron .
- on these dlsturbed sites is to have a plant community s1m1lar to that of the undisturbed sites,
-then the time required for this to occur is probably much greater than that estimated above for
the * optrrmstlc linear extrapolatlon and the "more probable logarithmic extrapolation.

The succession rates described above for cover are slightly different, but fall within the range
‘of those reported elsewhere in the literature for Mojave Desert disturbances. : Webb and
Wilshire (1983) reported a rate of approximately 40 years for cover (regardless of species
composition and abundance) to be replenished on disturbances at the Wahmonie' townsite in
Area 25. These authors estimated that total recovery, based on the undisturbed site cover,
density, and species richness, would take 200 to 1,000 years. Lathrop (1983) reported rates
of 45 to 112 years for cover and 76 to 212 years for density to recover on areas: disturbed by
military maneuvers. The author attributed the ranges in recovery times to the differences in
soil compaction at the sites. Vasek (1983) reported that total recovery of disturbed sites in the
Mojave desert would require several centuries to several thousand years dependmg on the
degree of drsturbance at the site. :
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An understanding ‘of the rate and success of secondary succession at Yucca Mountam is. very
important for determining the cost/benefit of reclamation. - A benefit of using reclamatlon is_
that it will speed the successional process with the use of appropriate site preparatlon ' _
techniques and plant materials. Reclamation is a feasible alternative to:natural: revegetatlon ats.
Yucca Mountam not only because 1t reduces the time requ' ed for the dlsturbed sne to return
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70 'CONCLUSIONS - -

1. Secondary sticcession-on drsturbed sités at Yucca Mountam :was hrghly varlable w1th
respect to.€nvironmental: parameters nmeasured. «Elevation was the most important
souvvariablé; mﬂuencmg the composition-and. abundarnce of perennial plant species-across-
;Zdisturbances.:; Soil compaction;-soil potassium, soil gravel and amount of sand in the
soﬂ were,other 1mportant envrronmental parameters s v = :

,g I
vJ‘ )

2. . A.dumosa, C. teretzfolzus, H. salsola G. sarothrae A confen‘zfolza A canescens, and
+S.-pauciflora were the most.dominant plants-across all.disturbed sites at Yucca :
;:Mountain with- subsets of: these species bemg dommants in each of the vegetatron '
assocmtlons aoug ¥ ie g SN L e A L

3. :zWith the exceptlon*of A dumosa specres that dommated dlsturbed sites were- generally;
minor components of the undlsturbed areas.

4, The form and product1v1ty of adlsturbed srtes is markedly dlfferent from that of
undisturbed sites. Using the crlterlon set forth in the Draft Reclamatron Program Plan,

,natural revegetatlon on dlsturbances at: Yucca Mountam after an average of 10 years

The tlme requlred for cover. rto,_be srmrlar +0: that of undrsturbed areas: was. estrmated to
be 20 years for an optimistic recovery rate and 845 years for the more probable
reooverysrate iHowever vthe*tlmetrequlred for’ the specres composmon and abundance o
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8.0 -RECOMMENDATIONS

; ‘~?>-§r81te-spe01ﬁc reclamatlon planst developed for-disturbef: s1tes ‘should' mclude~
wconsiderations for elevation; vegetatlon association;; spemeszzcomposmon and o
::abundances in adjacent undisturbed:areas; soil properties,“and.the type oftdlsturbance
. Reclamation trials should be.implemented to investigdte:ways to.mitigate;:manipulate,
or benefit from the site-specific circumstances.imposed bytdlsturbed sue locatlon soil
propertles and dlsturbance type. S : _ e - - €
cvnrpEeanssy M o f?;» RS A I ¥ 17 i S :
2. Reclamatlon studles shoilld be- conducted to determme whether the use of ploneer
species-(i.e: those 'species:dominating: disturbed: sites)! w1ll enhance. the successmnal

process and meet the ObjeCtIVCS of the reclamatlon program at'Yucca Mountam £

3. 'iy:Studies: should be’ conducted fo' assess‘why" dommant gpeciessin: the‘undlsturbed areas v
are minor components on disturbed sites, and how to enhance the establishment of these
species on disturbed sites. Information from these stydies will aid in the development

of mltlgatlon procedures for: as1te-spe01ﬁc reclamatlon Pae oo e D

3fgrad1ent and

e Vlevatlonal

N

50 siResults: from reclamatlon studxes should ’be compared
§18 ‘i st 2successmmstud1es 10 .venfyathat\the *rate and su
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Appendix Table 1. Codes, SCICIltlﬁC names, common names, life cycle and growthform of plant specu:s found in undisturbed and dlsturbed areas at Yucca
Mountain, NV. Common names follow those used by Beatley (1976), Munz (1979) and chkman (1993)

)

[aRE

N L ’ foe Growth -
. Code Scientific Nﬁm&""’ : Cycle Form
ACSH Acamptopappus shockleyt P S
AMDU Ambrosia dumosa P S
AMTE Amsinckia tessellata AW B
ARFE Aristida fendleriana P G
ARPU Aristida pupurea . P G
_ARSP  -Artemesia spiriescens ~ P S
ARTR - Artemesia tridentata var. tridentata P S
ASAC Astragalus acutzrostns e AW "R
ASLA Astragalus laynea; SR P F
ATCA Atriplex canescens var. canescens P S
ATCO Atriplex confertifolia "< P §
BRRU Bromus rubens AW F
BRTE Bromus tectorum AW F
BRWA Brickellia watsonii s P S
CACH Castilleja chromosa : S P F
CAFL Calochormus flexuosus - . . P " F
CAHE - Camissonia heterochroma R A F
CAMSPP - Camzssoma spep' 5 3 A 'F
CELA ‘ P S
CHBR , \ T AW F
CHNA ' Chrysothamnus nal'tseosus sspk" leiospermus . Rubber rabbltbmsh P S
CHPA Chrysothamnus paniculatus : : QlaC,k.-St?m rabpltrush : P S
CHRI * Chorizanthe rigida, s : D spiny herb’ AW F
CHSPP Chaenactis species_ o : ‘ by L AW F
CHST Chaenactis stevioides ‘ . : . Steves duskymaiden AW F
CHTE Chrysothamnus teretzfollus. ST it i e Negdle leaf rabbitbrush 0 P S,

. CHTH Chorizanthe thurberi o Spmeﬂowcr e ' AW . E. .
CHVI Chrysotharinus viscidiflorus ssp. stenophyllus S 'Yeliow Tabbitbrush P s
CORA Coleogyne ramosissima - SR ~ Blackbrush - : . P R

F- .

CRCI . ‘Cryptantha circumscissa .. - o - W.:,;W,.T_m.k__ o »,,.,Mattc‘dCryptantha D AW

R [ WE S-CV PR S P ) R
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Appendix Table 1. Continued.

(éfthh. -

- Fy Y [N Llfe
Code Scientific Name , B Cycle Form
- o LR )
CRMI Cryptantha mzcrantha
CRNE Cryptantha nevadenszs var. nevadensis
CRPT Cryptantha pterocarya .
CRSPP Cryptantha species .
DEPA Delphinium panshu var. panshu N
DEPI Descurainia pirinata ssp. glabra’ "
DESO .  Descurainia sophza
DIPU Dichelostemma pulchellum
ECEN Echinocereus engelmanu var. engelmannu
ECPO Echinocactus polycephalus
ENVI ‘ Encelia virgineénsis ssp. virginensis
EPNE Ephedra nevadensis
EPVI Ephedra vzndzs
ERCI - Erodium czcutarzum ,
ERDE Eriogonum deﬂexum var. nevadense R
ERER Eriastrum eremzcum R
ERFA Enogonum fasczculatum var. polzfoltum o
ERIN' Eriogonum inflatum . . . )
ERMA ~ Eriogonum maculatum , <
ERMI Eriogonum microthecum var. foliosum e
ERNI Eriogonum nidularium ‘
ERPR Eriophyllum pringlei
ERPU Erioneuron pulchellum
ERSP! Enastrum sparszﬂorum "
ERUM Eriogonum umbellatum , ,
ESMI - Eschscholzia minutiflora—=">c.. . cme... -
‘BUAL --Euphorbia-albamarginata- .- - e s
EUMI . Euphorbia micromera : - Leafy spurge
GIFL. Gilia ﬂavocincta‘,..... e e SR B 117 BROEE
GISPP. Gilia species ... Lo e i
GRSP Grayia spmosa o
GUSA : Guaerrezza sarothrae o '
S ; Uiy , s e g W
. ) =) o




Appendix Table 1. Continued. | s

L9

: , " B Life - . Growth =
Code Scientific Name Cycle! ~ Form? ;
'HACO Haplopappus coopen g S,
HAGL Halogeton glomeratus A" F
. HALI Haplopappus lmeanfollus s P S
" HUA' Hilaria jamesii-.- C P G
HYSA Hymenoclea salsola P S
JUOoSs Juniperus osteosperma - .. P T
-KRPA . Krameria parvifolia... - ... P S
LASC Langloisia schottii . AW )3}
~ LATR Larrea tridentata_. . . % P S
LEDE Lepidium densiflorum " Prairie pépperweed P F
LEFR . Lepidium fremontii Desett pepperweed. P F
LELA Lepidium lasiocarpum AW F
LEPU Leptodactylon pungens ssp. hallu P s
LOHU Lotus humistratus. < AW P
LUCO Lupinus concinnus var. orcuttii AW F
LUFL Lupinus flavoculatus AW 13
LUPIN Lupinus species ..., A F
LUSP'". Lupinus sparsiflorus AR s L A® F
LYAN Lycium andersonii ‘ Box thorn" P S
LYPA Lycium pallidum var. obligospermum Wolfberry P 'S
MACA Machaeranthera canescens var. canescens ) SO F
MAGL Malacothrix glabrata Smooth tooth dandetion AW F
MATO Machaeranthera tortifolia var. tortifolia Desert-aster P F
MEOB Mentzelia obscura. ’S‘;lverst‘ems AW F
MESP Menodora spinescens 1072, .3, 1 P S
MIBI Mirabilis bigelovii -~ 'Deseit wishbone bush P F
- MOBE Monoptilon bellidiforme i i 1 ~.Desert star_.. .., AW . F
MUPO- Mubhlenbergia porteri ' Bushmuhly‘ P -G, ‘
NADE Nama demissum var. demissum R AW B,
OPBA Opuntia basilaris var. basilaris Beavertail pricklypear : P c
OPEC Opuntia echinocarpa var. echinocarpa < s o StTAWEOP pricklypear oo oo P RS o
ORHY Oryzopsis hymenoides -~ - - - e e [1AN TiCEGTASS - O U ¢ S
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Appendix Table 1. Continued. ;...

AR S : ' Lnfe ' Growth =~ R
Code ARG (qumgon Name* - Cydte!  Fomm - e
W FINATIAtS ) o . S PET STE 4 . . =’
OXPE Oxytheca perfolzata - ‘ o Rom{l;&iéa; sﬁlﬁéﬂower o AW '
PEPL - Pectocarya platycarpa : ' Lo ' o AW
PESE Pectocarya setosa. , AW
PHFR: Phacelia fremontii... . ‘ AW
PHRO Phacelia rotundifolia : A7
PHSPP Phacelia species. . N . AW :
PSAN. Psathyrotes annua A
PSFR Psorothamnus fremonti var. fremontu R P
RANE " Rafinesquia neomexzcana ‘ ‘ S AW :
SAIB * * Salsola iberica .- .. - v A
SAME Salazaria mexicana, .. g P
SCAR Schismus arabicus ’ AW
o SCPO Sclerocactus polyancistrus, P
6 SIAL. Sisymbrium altissimum PB.-
SHY - Sitanion hystrix ... N P
1118 Sitanion jubatum i P
SPAM  Sphaeralcea ambigua ss; ;{ ambtgua P
SPCR Sporobolus crygtandrus , T Sand'dropseed P
STEX Stephanomeria exigua ssp. exigua =~ L - . Small wirelettuce AW
STPA Stephanomeria pauciflora B Lo P .
STSP | Stipa speciosa - . : :Qgsc ncedlcgrass P
SYFR,. Syntrichopappus fremontii 3 AW
TEAX ' .  Tetradymia axillaris var. axillaris P
TEGL Tetradymia glabrata P
vuoc . Vulpia octoflora AW
YUBR . Yucca brevzfolza T P

2¢ = Cactus, F =4Forb,, G = Grass, S =*Shrub, T-= Tree
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* Appendix Table 2. Pearqon s correlation coefficients @) for envxronmental vanables uséd to test for their mﬂuence on spec1es composmon and abundance in
"For long name of the environmental variable, see Appendlx Table 3. : : :

disturbance areas.

%

EREtS

Exch. Na

T o g Effs?- - i o om0
Age Slope ation Aspect 3yr Syt Depth pen
Age .00 019 008 -0.10 0.90 0.64 012 003
Slope .19 100 0.24 0 0.16 0.27 03 027
Elevation 0.08 0.24 1,00 -0.09 017 - 0.26 003 035
Aspect 0.10 , 0.23 -0.09 “;1;.,9‘_10; -0.22 0. 01 0 29 -0 09
Dist. Area 0.1 0.03  -0.08 12 o of - 0.08 014 0. 06
Growppt 0.24 -0.22 -0.47 0. 14 0.45 0. 24 0 08
Gpptsum 0.99 -0.22 0.02 0.90 0.70 0.16 . 0. o4
Gppt3yr 0.90 0.16 017 1,00 0,38 020 - 0,01
GpptSyr 0.64 027 -0.26 038 roo 007
Depth -0.12 032  -0.03 0.20 0.11 1.00 0! 38
Conepen -0.03 - 0:27- - 035 0:01 0.07 038 i 00"
PerGrav 0.17 -0.08 0.17 0.29 0.3 037 0013
Satpercent 0.14 032 064 022 -0.10 B NI ¥2)
‘pH -0.10 0.15 022 0.07 0.30° 004 012
EC 0.20 0.06 020 0.11 -0.13 0.08 - -0.08
CaH20 0.13 002 0.9 0.05 ~0.09 0.2 -0.09
MgH20 0.07 -0.05 0.18 -0.00 -0.05 0.14 - 010
NAH20 - 0.24 0.09 020 0.15 0.17 -0.04  -0.07
. SAR 0.22 0.01 0.25 012 -0.24 0.10  -0.08
CaNH4 -0.03 0.14 006 -0.00 -0.05 0.12° 033
MgNH4 -0.01 0.16  -0.09 0.01 -0.02 0.18 . 023
NaNH4 -0.03 - 0.16 -0.10 -0.02 -0.01 0.06  -0.09
P 0.29 002 016 0.24 10.36 016 0.09
K 0.27 049 035 0.16 037 015 021
NO3_N 003 0.02 0.33 0.08 0.01 031 - 020
oM 0.17 0.17 0.32 - 0.15 0.14 0.19 044
CEC - 0.02 038 0.9 oo 0.33 014 029
Sand 0.14 032 - 063 0,24 0.14 019 036
silt 0.19 0.14 037 10.23 0.08 035 025
Clay 003 .. 038 ..067 016 ... .-o 3. : 0, os mg: 0,34
Exch. Ca . 011 -0.08°  -0.05 006 | OAs  TA. 34 707
Exch. Mg -0.01 0.7 011 . 0 0.00 001 - 006 " -0.13
-.-0.02 0.17 010 075 2-0.00 - - =002+ - -
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Appendix Table 2 continued.

Environmiental
Variable

“Per-
Grav

4

Sat— '_ ‘
percentl

”DH

Age .
Slope
Elevation
Aspect

- Dist. Area.

Growppt
Gpptsum
Gppt3yr
Gppt5yr
Depth
Conepen
PerGrav
Satpercent

.pH

EC
CaH20
MgH20
NAH20
SAR -
CaNH4

0.17
-0.08
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
20.07
-0.06
-0.08
0.01
-0.01

0.14

032“
064-
'-002 _

003
-026
011
022

£.10

0.13
'0.23
0.07
1.00
-0.39
-0.16
0.14
0. xo
0.16
0.16
-0.13
-0.15

-0.10

0.5

-0 22
0. 01

,007

0.04
0.13
0.07

-0.30

0.04
0.12
-0.03

0.39

1.00
-0.15
-0.29
-0.31
-0.06
0.20
0.38
0.37

i . '0~22 Lo
a1

025

* -021,

0.29
0.28

023—'

‘-0 01

-015'

0.37
-0 02
-0 04
-0 02
-0 00
0 06

1.00 .

1.00

MgNH4
NaNH4
P

K
NO3_N
oM
CEC
Sand
Silt

" Clay

Exch. Ca
Exch. Mg

- -Bxch. Na

0.01

0.01 "

0.16
-0.20
0.05

007
- -0.06

0.10

0.04
-0.01

B _'.i’;'gv;l'.‘, :

1os0i0L s

0.16
0.17

-0 32

023
030
078

020 024
0,05

0.35
-0.58
0.16
0.06
-0.36
0.13

034’

-0 26

-0 30

046
0.38

Ry 1;00 W

: 097
-0 20
054
025
0.24

‘ 004-

017

-003"

-0.24 '

......

0.9
1.00

S siaree
vV IEIELN

5 "‘7‘5 ‘t;l _.00: :z;-%:.v,:cm
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Appe.ndix Table 2 continued. -

Exch.

017 -

Envjronn iental Exch. Exch.
Variable Sand St Clay Ca ‘Mg Na
Age . 0.19 0.03 -0.11 0.0t . -0.02 -
Slope 8., agiry 0.14 038 = -0.08 0.7 0.17
Elevation 0.69 4 0.37 067  -0.05 -0.11 -0.10
Aspect B -o.o_sw -0.01 -0.04 0.19 0.17 . -017.
Dist. ‘Area , 0.09 001 -0.05 0.08 - -0.08
‘Growppt S -0.06 -0.29 0.03 013 012
‘Gpptsum . i 3410416, £4-0.04 o 0.19 -0.01 -0.11 0.00 = -0.00
- Gppt3yr 0.24 - 0:165, 558 008 440,15 0.1 0.23 0.16 . -0.06 0.00 0.00
‘GpptSyr 0.36 037 001 0.4 -0.33 0.08 031 . 0.5 0.01  -0.02
Depth -0.16 ( o <0 0.14 . 19 035 005 . -0.34 0.06 -0.16
"Conepen 0.09 02977770360 025 0347 . 017 013
PerGrav 0.16 020  -0.05 0.04 0.01 - -0.01
‘Satpercent 0.17 024 079 -0.15 0.18 -
pH - -0.58 © 026 030 0.46 038 038
EC -0.13 | ; 0 -0.02 -0.01
‘CaH20 -0.02 =0.00. . -0.04  -0.03.
MgH20 0.03 0. 0.02 001
NAH20 -0.20 L 006 it o 14 0.01 -0.01 0.01
SAR -0.33 010 0.15 0.12 ~ 0.05 0.07
CaNH4 -0.21 002 022 0.95 1.00 1.00
MgNH4 -0.20 . , 0.03 .24 0.94 1.00 1.00
NaNH4 -0.21 056 3. 0.17 ‘ , -0.07 -0.26 0.91 - 0.97 0.97
P - 1.00 < 0:18 0.19 L0010 - 0.40  0.14 -0.28 -0:21 -0.21
K 0.18 -1.ﬁ00m 16410913 ' 0.11 -0.36 10.43 0.54  0.54
NO3_N 019 013 100 026 0.34 0.18 0.27 024 - 025
OM 0.62 0.1 7032 0.2277 0.45 =" 0.32 2022 024777024
CEC -0.01 jp 100 031 087 0.01 0.02 0.02
Sand -0.33 073 082  -0.82 0.17 0.19 0.19 .
Silt 0.40 0.1 034 045 031 1.00 0.34 -0.03 -0.04 004
Cly - 0.14 036 0.18 032, 087 0.34 1.00 -0.25 026  -0.26
Exch. Ca .-0.28 043027 .0 22% B1X1) I . 003,025 1,00 ... 0.94 ... 0.94
Exch. Mg -0.21 054 w024 - oiecli28 e 0.02- M-moww -0.04-- +0.26 - - ~-0.94 - 1,00 1,00
Exch. Na 021 10;54ﬂ i pzs 0.24 o oo‘z’u : 0‘19 -0.04 -~ -0.26 0.94 - 1.00 1.00

0a” T

v




Appendrx Table 3. Code names and explanatlons for env1ronmental variables used to d-termine their influence on species

composition and abundance of plants{ on dlsturbed areas at“?”ﬁ”é“ca“ Mountam NV;. , R
Ves ' 3 TEt G e S o
Environmental T Bk @ ; [ ; e i e ;
Variable o i - o - S N
Code e Env1ronmental Variable and Umts ; o ‘ ‘
Y 3 Ny : i ";,~ - T
S ; 54 FE) A4y SIEN o
Age R BY) Years smce initial drsturbance‘.l SR HE i
Slope . - Slope (%) i emy e SE 1wy e
Elevation | 77 Elevation' (ft) ' i : S £l
Aspect A Aspect (degrees) I B @
Dist. Arra - .."" Disturbdnce Aréa (ha) . o o o B
Growppt " Growing Season Precrprtaff n (mm) F irst year after init 1al dlsturbance »
Gpptsum o Growmg Season Precrpltatlon (mm) - Sum of all years after initial d1sturbance I “
3 Gpptyr - » N Growmg Season Prec1p1tatron (mm) Sum of ﬁrst 3 years after 1n1t1al dlsturbance " i
- Gppt5yr B .
Depth e gar e
Conepen e -
PerGrav ) e
Satpercent a ja o o
pH: - no o
. EC ¢ - . i i
CaH20 ‘ col i, e
MgH20 o 3 o
NAH20
SAR . T
MgNH4 : 10( u
NaNH4 -~ - == NH4 Extractable Sodiun (meq/ 100 g 8011)“”‘“ T e
P . Phosphorus (mg/kg of sorl) ! i iy

K
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* Appendix Table 3. continued

-~ Environmental

Variable - , R

Code Environmental Variable and Units

NO3 N Nitrate Nitrogen (mg/kg of soil) - '

OM Soil Organic Matter (percent) . S
CEC Cation Exchange Capacity (meq/ 100 g of sonl -
SAND Sand (% by hydrometer) o
SILT - Silt (% by hydrometer). ... . ...
CLAY Clay (% by hydrometer) .

Exch. Ca " Exchangeable Calcium'(%:)"' -

Exch. Mg Exchangeable Magnesium (%)

Exch. Na

Exchangeable Sodium (%)

-
L2
z-
1
!
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