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Abstract
A challenge for land reclamation is developing successful treatments that address uncertainty in sustainability of long-term
recovery patterns. In a 19-year study of severe, land-clearing disturbances that removed vegetation and surface soil in the Mojave
Desert (Lake Mead National Recreation Area, Nevada, USA), we examined vegetation change in four edaphically similar areas
but with different disturbance and reclamation histories. These included areas disturbed in 1998 receiving replacement of
salvaged topsoil (partial reclamation treatment) or with topsoil þ soil amendments intended to recover desert pavement functions
and outplanting native shrubs (full reclamation); an area cleared in 1968 and left untreated for assessing long-term passive
recovery (legacy disturbance); and undisturbed reference habitat with creosote bush (Larrea tridentata) shrubland on desert
pavement. During our 2006–2024 study period, the full reclamation treatment supported a creosote bush shrubland containing
native annuals typical of desert pavement and forage plants favored by desert tortoises (Gopherus agassizii) listed as threatened
under the U.S. Endangered Species Act. In contrast, the partial reclamation treatment exhibited ephemeral appearances of early
colonizing perennial species and nonnative annuals. Even 56 years after disturbance, the legacy disturbance area supported
persistent assemblages of native early colonizers that differed from other areas and did not resemble the undisturbed reference.
However, as these trends unfolded, major interannual fluctuations in vegetation occurred within all areas. For example, 26 years
into reclamation in 2024 following severe 2020–2022 drought, creosote bush density converged on the full reclamation and
reference areas to a reduced, identical density owing to heavy aboveground mortality in both areas. Results suggest that
reclamation gains can be intermittent long into the reclamation process and that understanding long-term dynamics can place
evaluation of reclamation outcomes in any given year in the context of fluctuations in both reclaimed and reference sites.
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Reclamation Highlights:
� A shrubland of creosote bush with native annuals, including forage favored by threatened desert tortoises,
developed following a full reclamation treatment including salvaged topsoil, raking surface rocks, applying
artificial desert varnish, and outplanting native shrubs.

� In 2024 (26 years into reclamation) after 2020–2022 drought, density of creosote bush with live foliage declined by 55%
in the full reclamation treatment and by 70% on undisturbed desert pavement. However, improvements in other
reclamation success metrics, such as cover of annuals characteristic of desert pavement, were maintained.

� Planning for a possibility of augmentation treatments (e.g., supplemental plantings) and continuing to assess condition of
reclamation sites decades into the reclamation process may help ensure that reclamation site improvements are sustained.
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Introduction

A frequent uncertainty in reclamation science and practice
is how site conditions and reclamation outcomes change
over long time periods, such as multiple decades following
initial reclamation activities (Gretarsdottir et al. 2004).
Short-term results can be crucial in reclamation for pur-
poses such as evaluating attainment of initially stabilizing
a site, limiting further degradation, and establishing plants
that may facilitate future vegetation growth (Alday et al.
2012). However, early results do not necessarily portend
longer term outcomes (Holl 2002). This uncertainty can
complicate evaluating reclamation planning and success.
For example, if improvements in metrics of reclamation
site conditions are only transient, this knowledge could
facilitate planning for a multiphase reclamation strategy
including augmentation treatments (e.g., additional plant-
ings) later in the reclamation process to sustain gains
(Klopf et al. 2025). In contrast, reclamation treatments
appearing ineffective initially may attain objectives over
the long term, such as for sites needing to accrue critical
levels of resources (e.g., seed reserves, organic matter) or
with lags in biotic responses (Holl 2002). Reclamation sites
could also exhibit intermittent improvements or declines, a
dynamic useful to understand for evaluating reclamation
outcomes across timescales, including in comparison to
reference sites (e.g., undisturbed), which could also experi-
ence fluctuations (Chiquoine et al. 2024). For example,
whereas reclamation actions can influence plant commu-
nity recovery, a shift to unfavorable environmental condi-
tions, such as drought, may suspend the community in an
early colonizer stage or reduce later colonizing species to
reverse reclamation progress (Holmgren & Scheffer 2001).
Understanding temporal variability during reclamation

could be especially important in desert habitats with
extreme interannual fluctuations in precipitation and con-
taining annual plants, ephemeral populations of perennials,
and mature plant communities that typically recover slowly
after disturbance (Abella 2010; Bowers et al. 2004). Desert
pavements are a quintessential example of slowly recover-
ing habitats after disturbance and in which variation in
environmental factors, such as droughts, may have pro-
nounced effects on vegetation (Haff 2001). Desert pave-
ments consist of one to two layers of closely spaced
surface rocks (often coated in desert varnish), usually over-
lying fine-textured soil, forming an integrated soil system
(Wood et al. 2005). Desert varnishes on rocks are dark,
surficial coatings often including dust of clay particles,
iron, and manganese interacting with bacteria (Martı�nez-
Pabello et al. 2025). The surface–subsurface desert pave-
ment soil system is thought to require millennia to form
and exceed millennia to hundreds of millennia in age on

contemporary landscapes (Seong et al. 2016). Unique
hydrological features of desert pavements include rapid
runoff and limited infiltration through subsoils, often
reducing plant available water (Turk & Graham 2011).
These features can amplify dry climatic conditions and
stresses for plant growth though, in some wet years, peren-
nial plant growth can be substantial, and populations of
annuals typical of pavements appear (Musick 1975). When
desert pavements are disturbed, small disturbances (e.g.,
tens of square meters) can recover by “repaving” them-
selves via rocks moving and jostling back into place over
decades to centuries (Haff & Werner 1996). Larger distur-
bances or those destroying the underlying soil structure of
pavement systems require unknown, likely indefinitely
long periods to reestablish. The time frame may resemble
the millennia required for desert pavement to form in the
past, although climate conditions and factors such as the
degree of dust deposition thought to influence pavement
formation might not operate the same way in the future
(McFadden 2013). However, reclamation might be able to
partially recover functional and vegetation features of
pavement habitats (Abella et al. 2023).
Here, we conducted a case study to examine long-term

change in desert plant community condition after severe
disturbances with and without reclamation. We assessed
temporal plant community variation across multiple
decades in areas differing in disturbance and reclamation
history and as compared with undisturbed desert pavement
habitat. We asked the following question: How do struc-
tural (e.g., shrub density), compositional (species present
and their relative cover), and functional (e.g., forage for
wildlife) features of plant communities vary temporally
within a 19-year period among desert habitats differing in
disturbance and reclamation history?

Methods

Study Site and Treatments

We performed the study in the Mojave Desert, a hot desert
containing vast shrublands dominated by creosote bush
(Larrea tridentata [Sessé & Moc. ex DC.] Coville) with
mixtures of nonnative (e.g., Mediterranean grass [Schismus
spp.]) and native annuals during years of suitable tempera-
ture–precipitation combinations (Smith et al. 2014). In the
eastern Mojave Desert containing our study site, much of
the annual precipitation falls as winter–spring (November
through April) rains, stimulating germination of winter
annuals, and as summer monsoonal storms (Hereford et al.
2006). Our study site (N 36.065°, W −114.819°) was in
Lake Mead National Recreation Area, administered by the
National Park Service, 30 km east of the city of Las Vegas,
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in southern Nevada, USA. The airport weather station at
Las Vegas reported an average of 10 cm of precipitation/
year (60% falling from November through April) from
1949 through 2024 (Fig. 1). During this 76-year period,
annual precipitation was highly variable, ranging from
1 cm (1953) to 25 cm (1992).
Our study site consisted of four adjacent, 0.2-ha areas on

the same alluvial fan landform (Fig. S1). Soil was mapped
as the Carrizo–Carrizo–Riverbend association, classified as
Typic Torriorthents and Haplocalcids, with parent material
derived from mixed alluvium (Lato et al. 2006). Topo-
graphic features, such as elevation and slope gradient, were
also similar among the four areas (Table 1). While environ-
mentally similar, the four areas had different disturbance
and reclamation histories and included areas (1) bulldozed
in 1968 to construct a water pipeline right of way and left
without treatment, that we named the legacy disturbance
area, to assess long-term recovery without intervention
beginning during a unique climate period (Fig. 1), (2) par-
tial reclamation treatment that received reapplication of the
upper 20 cm of topsoil salvaged following severe distur-
bance (unauthorized, mistaken bulldozing with heavy
equipment removing vegetation and surface soil) in 1998
(detailed in Newton 2001), (3) full reclamation treatment
experiencing the same disturbance in 1998 followed by sal-
vaged topsoil reapplication and further reclamation treat-
ments described below, and (4) an undisturbed reference
area containing a mature creosote bush shrubland on desert
pavement (Table 1, Fig. 2). Although our investigation is a
case study from a statistical standpoint, not uncommon for

reclamation studies of severe disturbances (e.g., Klopf
et al. 2025), it afforded examining multidecade change in
adjacent locations differing in disturbance and reclamation
history but otherwise similar.
Additional reclamation activities applied to the area we

named the full reclamation treatment were detailed in ini-
tial publications (Abella et al. 2007; Newton 2001) and are
summarized here. The treatment approach occurred along
the reclamation–restoration continuum and had the follow-
ing goals as reclamation success measures: accelerate the
establishment of native perennial plant species (including a
creosote bush–dominated shrubland typical of adjacent
undisturbed habitat), aesthetically blend the disturbance
into the surroundings such as through reestablishing the
surface appearance of desert pavement, and reestablish
cover and forage plants for wildlife utilization including
for desert tortoises (Gopherus agassizii; Cooper 1861) that
inhabit the study area and are listed as threatened under the
U.S. Endangered Species Act (Berry & Murphy 2019).
Undisturbed habitat, adjacent to the disturbances (Fig. S1),
contained desert pavement, including surface stones with
desert varnish (Wood et al. 2005). Considering the millen-
nia required for natural desert pavement to form (Seong
et al. 2016), the project sought to reclaim partial functions
of pavement. In January–February 1999 after the late 1998
disturbance, National Park Service staff used hand rakes to
evenly spread rocks (contained in the reapplied, salvaged
topsoil) on the soil surface and sprayed water as a mist on
the surface to limit dust mobilization (Newton 2001). Arti-
ficial desert varnish (product name Permeon) was then

Fig. 1 Precipitation recorded at the Las Vegas, Nevada, airport (N 36.072°, W −115.163°, 659 m in elevation), 30 km west of our study area
(392–415 m in elevation) where we examined vegetation change within a 19-year period (2006–2024 with sampling years noted) in areas vary-
ing in disturbance and reclamation history. Precipitation is expressed as the percentage of the long-term average for the cool winter–spring
(November of the prior year through April of the present year and averaging 6 cm/year) and warm growing season (May through October,
averaging 4 cm/year)
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applied to the surface (Elvidge & Moore 1980; Soil-Tech,
Inc., Las Vegas, NV). The artificial varnish contained iron
and magnesium oxides and was intended to mimic the
brown–black coat of natural desert varnish (Martı�nez-
Pabello et al. 2025). Propagated from seed collected from
within Lake Mead National Recreation Area, 119 native
perennials (corresponding with a planting density of 600/
ha) of four species inhabiting nearby undisturbed habitats
were outplanted throughout the disturbed area in February
1999 (Newton 2001). By 2001, 88 of 96 (92%) outplanted
creosote bush and all nine beavertail pricklypear (Opuntia
basilaris Engelm. & Bigelow) remained alive (Newton
2001). The 12 white bursage (Ambrosia dumosa (Gray)
Payne) and the two catclaw acacia (Senegalia greggii [A.
Gray] Britton & Rose) died.

Data Collection

Using randomly generated coordinates, we established
three plots (each 10 m 3 10 m, 0.01 ha) in each of the four
areas in 2006 (Fig. S1). In each plot, we counted the num-
ber of shrubs with live foliage by species. We visually cat-
egorized the aerial percentage cover by species for all
vascular plant species on each plot using cover classes:
0.01, 0.1, 0.25, 0.5, 0.75, 1, 1.5, and 2%, 1% increments to
10%, then 5% increments to the maximum 100% aerial
cover that an individual species could attain. Reproducibil-
ity of cover-class categorizations was enhanced by calibrat-
ing among field personnel before inventorying plots.
Double sampling to compare cover categorizations by the
same and different members of the research team were

consistently within one cover class. We included live and
senesced annuals in the cover assessments to portray the
standing annual plant community. We opportunistically
made these assessments in August 2006 and in late March
2018, 2019, and 2024, encompassing a range of rainfall
years (Fig. 1). On the 1998 disturbance, sampling corre-
sponded with 8 (2006), 20 (2018), 21 (2019), and 26
(2024) years after completion of reclamation activities.
On the 1968 legacy disturbance area, sampling occurred
38 (2006), 50 (2018), 51 (2019), and 56 (2024) years
postdisturbance.
In the 2024 inventory and following a mid-2020 to 2022

drought (Fig. 1), we conducted an additional count of
shrubs exhibiting no live foliage in each plot. We refer to
these individuals as lacking live foliage and potentially
dead. This terminology does not preclude the possibility
that some of the individuals could resprout for those capa-
ble (e.g., creosote bush) or produce new leaves in future
years for drought-deciduous species (e.g., white bursage)
that can remain alive but leafless for unknown numbers of
years (McAuliffe & Hamerlynck 2010). Species nomencla-
ture and classification of growth form (e.g., annual forb)
and nativity to the United States follow the Natural
Resources Conservation Service (2025).
During the 2024 inventory as a retrospective soil-condi-

tion assessment, we measured three soil functional indica-
tors for the 0- to 5-cm layer of mineral soil at three evenly
spaced locations across the center of each plot and aver-
aged on a plot basis. We measured soil compaction in kilo-
grams per square centimeter using a pocket penetrometer

Table 1 Summary of disturbance, reclamation treatment history, and environmental features of four areas where we examined long-term
change of plant communities in the Mojave Desert, Lake Mead National Recreation Area, Nevada, USA

Legacy disturbance Partial treatment Full treatment Undisturbed reference

History Disturbed 1968, Untreated Disturbed 1998, Only
topsoil added back

Disturbed 1998, Topsoil, resurfacing,
varnish, outplanting

Undisturbed, Desert pavement,
Larrea shrubland

Post-disturbance, yearsa 38, 50, 51, 56 8, 20, 21, 26 8, 20, 21, 26 Not applicable
Elevation, m 414–415b 394–395 393–395 392–393
Slope gradient, % 3–4 3–6 2–3 2–5
Soil, (0–10 cm)c

Texture Sandy loam Sandy loam Sandy loam Sandy loam
pH (1:1 soil:H2O) 8.0 6 0.1d 7.7 6 0.2 7.9 6 0.3 8.1 6 0.1
Nitrogen, % 0.05 6 0.01 0.04 6 0.01 0.06 6 0.02 0.05 6 0.01
Carbon, % 1.0 6 0.06 1.1 6 0.04 1.1 6 0.08 0.9 6 0.07

a Time since disturbance when we performed sampling, corresponding with the calendar years 2006, 2018, 2019, and 2024 in which we also
sampled the undisturbed reference habitat.
b Range among three plots in each area.
c Soil data were from 2018 in interspaces, open areas between perennials, and were based on three equally spaced subsamples composited per
plot. Texture was determined using the hydrometer method. Nitrogen and carbon are total by weight, determined using combustion by a C/N
analyzer.
dMean 6 standard error of mean, based on three plots in each area.
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(AMS, Inc., American Falls, ID). Following Herrick et al.
(2001), we measured soil aggregate stability. We catego-
rized texture by feel (Salley et al. 2018), which we found
to be within one textural class of each other in double sam-
pling by different observers.

Data Analysis

On the vegetation data set, we performed multivariate com-
munity analyses in PC-ORD 7.11 (MjM Software Design,
Gleneden Beach, OR) and univariate analyses in SAS 9.4
(SAS Institute, Cary, NC). Including each plot and year,
we separately ordinated species composition of live shrubs
(density/ha) and all vascular plants (relative cover as cover
of speciesi/R cover of all species on each plot) using non-
metric multidimensional scaling (Sørensen distance, ran-
dom starting coordinates, and 250 runs with real and
randomized data). To assess achievement of the reclama-
tion goals of reestablishing native perennial communities
and native-dominated annual communities including
important forage plants, we performed univariate analyses
on three perennial plant variables (species richness/100 m2,
density of early colonizing species, and cover of creosote
bush) and on three annual plant variables (cover of nonna-
tive species, native forage plants for desert tortoises, and
the dominant native annual forb desert plantain [Plantago
ovata Forssk.]). Perennial species classified as early colo-
nizers were based on a synthesis of species’ responses to
disturbance in the Mojave and Sonoran deserts and dis-
tinguishes species frequenting postdisturbance habitats
and species (e.g., creosote bush) typifying older communi-
ties (Abella 2010). Forage plants preferentially selected rela-
tive to their availability by desert tortoises were identified

from Jennings and Berry (2015). We analyzed each univari-
ate, vegetation response variable in a generalized linear
mixed model (Bolker et al. 2009). The model included the
fixed effects of treatment (the four areas varying in distur-
bance and reclamation history), year (2006, 2018, 2019, and
2024), their interaction, and plot as a repeated-measures,
random effect subject. Response variables were Box-Cox
transformed or fit using appropriate data distributions (nor-
mal or lognormal for continuous or negative binomial for
count data). We used the Akaike information criterion to
identify optimal covariance structure for each model. For
models with p < 0.05, we used Tukey tests for multiple
comparisons. To compare each 2024 soil variable among
the four areas, we used one-way analysis of variance with
Tukey tests.

Results

Vegetation Species Composition

In the ordination of live shrub density, the full reclamation
treatment and undisturbed reference areas were similar to
each other and separated from the partial reclamation treat-
ment and 1968 legacy disturbance (Fig. 3). Creosote bush
dominated full reclamation and reference areas. In contrast,
suites of early colonizing shrubs, such as brittlebush (Ence-
lia farinosa Gray ex Torr.) and cheesebush (Hymenoclea
salsola Torr. & Gray ex Gray), dominated the partial recla-
mation and legacy disturbance areas.
Although grouping of plots according to the species

composition of live shrubs among the four areas was
largely maintained within the 2006–2024 study period,

Fig. 2 Repeat photos from the same locations illustrating recent change on example plots in each of four areas varying in disturbance and rec-
lamation history in the Mojave Desert, Lake Mead National Recreation Area, Nevada, USA. A major change between 2019 and 2024 on many
plots was the loss of perennials with live foliage, coincident with the 2020–2022 drought. Larrea tridentata is the predominant shrub in the full
reclamation treatment and undisturbed reference plots. The example partial reclamation treatment plot exhibited growth of surviving Larrea
but loss of young Encelia farinosa shrubs (light bluish plants such as in the foreground of the 2019 photo). The example plot in the legacy dis-
turbance area (disturbed in 1968 and untreated) contains a mixed-perennial community of early colonizing species (e.g., Hymenoclea salsola).
Compared with the partial reclamation treatment, rocks are darkened on the full reclamation treatment plot, which received artificial desert var-
nish. Photos were taken in March by M. Boyle (2019) and S. Porter and University of Nevada Las Vegas staff (2024)
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the density of live creosote bush varied substantially. In
the full reclamation treatment, average density of live
creosote bush doubled between 2006 and 2018–2019 and
then dropped in 2024 to lower than in 2006 (Fig. 3,
inset). In the undisturbed reference, creosote bush was
maintained at a nearly constant density of 800–900/ha
from 2006 to 2019, and then sharply declined by 70% in
2024 to the same density (267/ha) in the full reclamation
treatment, which experienced a 55% decline. In 2024,
individuals without live foliage made up 72% of creosote
bushes in the undisturbed reference, 47% in the full rec-
lamation, and 0% in the partial reclamation area (which
had an average density of 500/ha live creosote bush,
most of which were small at <1 m tall). No creosote
bush occurred on plots in 2024 in the 1968 legacy distur-
bance area.

Including all 63 perennial and annual species recorded
during the study, the ordination using relative cover
showed temporal shifts in species composition and separa-
tion of the four areas (Fig. 4). Convergence of species com-
position of full reclamation and undisturbed reference
areas occurred after 2006, and separation of these areas
from the partial reclamation and 1968 legacy disturbance
areas strengthened. The native annual forb desert plantain
was most strongly associated with full reclamation and
undisturbed reference areas in 2006 and with full reclama-
tion in subsequent years. Creosote bush was associated
with full reclamation and undisturbed reference areas along
with a group of native annual forbs (e.g., devil’s spine-
flower [Chorizanthe rigida (Torr.) Torr. & A. Gray] and
pebble pincushion [Chaenactis carphoclinia A. Gray])
common in undisturbed reference habitat. The native
annual yellow cups (Camissonia brevipes (A. Gray) P.H.
Raven), nonnative annual Mediterranean grass, native
perennial forb brownplume wirelettuce (Stephanomeria
pauciflora [Torr.] A. Nels.), and the native shrub brittle-
bush were associated with partial reclamation and 1968
legacy disturbance areas. By 2024, average Sørensen simi-
larity of species composition to the undisturbed reference
was 42% for the full reclamation, 21% for the partial recla-
mation, and 27% for the 1968 legacy disturbance area.
Among the 24 species with the most cover, Mediterra-

nean grass was the dominant nonnative with temporally
variable cover but present every study year and in each
area (Table S1). With the most cover among native annuals
overall and a desert tortoise forage plant, the forb desert
plantain exceeded 8% cover in the undisturbed reference in
2006 and then declined. In contrast, the species increased
or had at least 3% cover after 2006 in the full reclamation
treatment. Other annuals had high cover in certain years
within some areas, such as devil’s spineflower exceeding
1% cover in the reference in 2019 and 2024 and in the full
reclamation area in 2024. Pebble pincushion was nearly
absent some years but exceeded 1.5% cover in each of the
four areas in at least one study year, which was not neces-
sarily the same year among areas. Among perennials (all of
which were native), cover of creosote bush steadily
increased in the partial and full reclamation areas, was
absent or nearly so in the 1968 legacy disturbance area,
and peaked in 2018 and 2019 in the undisturbed reference
before sharply declining by 2024. Although their cover
fluctuated among years, the perennial forb small-seed sand-
mat (Chamaesyce polycarpa [Benth.] Millsp. ex Parish)
and brittlebush dominated the partial reclamation and 1968
legacy disturbance areas most years, whereas cheesebush
and brownplume wirelettuce dominated only the 1968 leg-
acy disturbance area. White bursage achieved its highest
cover in the full reclamation and legacy disturbance areas.

Fig. 3 Variation in species composition (density/ha) of shrubs during
a 19-year period across four areas (each with three plots) varying in
disturbance and reclamation history in the Mojave Desert, Lake Mead
National Recreation Area, Nevada, USA. Each point is a plot and is
categorized by treatment and year. Species correlated (r2 $ 0.15) with
community variation are displayed as vectors proportional to the
strength of correlations. Axis 1 (from left to right) primarily represents
a gradient of cover of early colonizers to species typical of more
mature shrublands. Axis 2 portrays variation in cover of Encelia fari-
nosa and suites of annuals associated with disturbed areas receiving
no or only partial reclamation treatment. The nonmetric multidimen-
sional scaling ordination had a stress of 17% and represented 75% of
the variance in the original data (48% for axis 1 and 27% for axis 2).
The inset graph at the bottom shows temporal change in mean density
(error bars are 1 SEM) of the dominant shrub, Larrea tridentata, in
full reclamation treatment and undisturbed reference areas
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Univariate Vegetation Variables

Each of the four areas exhibited unique combinations of
perennial plant variables (Fig. 5). The full reclamation
treatment had moderate perennial species richness, few to
no species classified as early colonizers, and creosote bush
cover increasing through time. The partial reclamation
treatment also had moderate perennial species richness but
sharply higher density of early colonizers and increasing
cover of creosote bush between 2006 and 2024. With a
species-rich assemblage of native early colonizers, the
1968 legacy disturbance area had little or no cover of creo-
sote bush. The undisturbed reference had among the lowest
perennial species richness, no early colonizing perennials,
and creosote bush cover not varying statistically at p <
0.05 but notably fluctuating fourfold among years.
Each of the three annual plant variables displayed treat-

ment 3 year interactions (Fig. 6). Nonnative cover varied
from being nearly absent in certain years within the areas
to averaging 2%–8% in different years and areas. Cover of
desert tortoise forage plants was higher in the full than in
the partial reclamation treatment in half the study years
(2018 and 2024). A major tortoise forage species, desert
plantain, had higher cover in the full compared with the
partial reclamation treatment in all sample years after
2006. The undisturbed reference incurred a major decline
in desert plantain cover from 8% in 2006 to <0.5% in 2019
and 2024.

Soil Functional Indicators

Among soil functional indicators for the upper 5 cm of
mineral soil in 2024, soil compaction was greater in the
partial reclamation area than in the undisturbed reference
(Fig. 7). Soil stability was lower in the partial reclamation
than in all other areas. In a marginally significant differ-
ence, fine soil particles (silt þ clay) were twice as concen-
trated in the undisturbed reference compared with the other
areas.

Discussion

Time Periods as Contingency Effects in Reclamation

Although plant communities on the full reclamation treat-
ment and undisturbed reference areas overall were most
similar, each of the four areas had unique community char-
acteristics and temporal changes within the 19-year study
period. This temporal variation raises ecological and recla-
mation questions regarding the repeatability of plant com-
munity development when disturbance or reclamation
occurs in different time periods, how events (e.g., wet or
dry climatic periods) may shape postdisturbance recovery
and reclamation outcomes, and how year of sampling may
influence perception of reclamation outcomes based on
variability in conditions of disturbed as well as undisturbed
reference habitat.

Fig. 4 Variation in species composition (relative cover) of plant communities, including annuals and perennials during a 19-year period
across four areas (each with three plots) varying in disturbance and reclamation history in the Mojave Desert, Lake Mead National Recreation
Area, Nevada, USA. Each point is a plot and is categorized by treatment and year. Species correlated (r2 $ 0.15) with community variation are
displayed as vectors proportional to the strength of correlations. The nonmetric multidimensional scaling ordination had a stress of 13% and
represented 60% of the variance in the original data (35% for axis 1 and 25% for axis 2)

Reclamation Sciences (2026) 3:21–32 27

D
ow

nloaded from
 https://reclam

ationsciences.kglm
eridian.com

 at 2026-05-11 by jgarcia@
rpdesk.com

 via R
eprints D

esk



The different time periods in which the disturbances
occurred, in 1968 and in 1998, resulted in the areas experi-
encing different climatic conditions in the initial postdis-
turbance decades in addition to different lengths of
recovery periods. The legacy area, disturbed in 1968, con-
tained a diverse, unique suite of early colonizing perennials
throughout our study. The 1970s, the initial decade after
the 1968 disturbance, was among the climatically wettest
decades in the last 70þ years (Fig. 1). For example, the
1970s included the only period in the climatic record after

1948 when seven of eight years (spanning 1973–1980) had
above-average precipitation in the winter–spring (Novem-
ber through April) cool growing season. Moreover, four
years in the 1970s had both winter–spring (November
through April) and warm season (May through October)
precipitation exceeding average. No other decade had more
than two such years, and no such year occurred after 2005
through 2024. Aside from notably wet years such as 2005,
protracted aridity has characterized the initial recovery

Fig. 5 Change in perennial plant variables during a 19-year period
across four areas (each with three plots) varying in disturbance and
reclamation history in the Mojave Desert, Lake Mead National
Recreation Area, Nevada, USA. Data are means, and error bars are 1
SEM. Statistics for generalized linear models are included for each
variable, and means without shared letters differ at p < 0.05 (Tukey
adjusted). For perennial species richness, the main effects of treat-
ment and year were significant at p < 0.05, but as no pair-wise com-
parisons were significant, data are shown for the marginally
significant treatment 3 year interaction to maximize data presented

Fig. 6 Change in annual plant variables during a 19-year period
across four areas (each with three plots) varying in disturbance and
reclamation history in the Mojave Desert, Lake Mead National
Recreation Area, Nevada, USA. Data are means and error bars are 1
SEM. Statistics for generalized linear models are included for each
variable, and means without shared letters differ at p < 0.05 (Tukey
adjusted). Cover of tortoise forage plants represents native annual
forbs favored by desert tortoises, listed as threatened under the U.S.
Endangered Species Act
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period following the 1998 disturbance. It is uncertain but
plausible that the wet 1970s afforded a window of opportu-
nity for the persistent early colonizing perennial commu-
nity to develop on the 1968 legacy disturbance area,
whereas no such window has occurred after the 1998 dis-
turbance in the partial reclamation area. In the western
Mojave Desert in California, Berry et al. (2016) reported
that a suite of early colonizing perennials became estab-
lished on disturbed soil after the early 1970s construction

of a Los Angeles aqueduct and still predominated at least
36 years later. Berry et al. (2016) hypothesized that, once
established, the early colonizing perennial community
could hold the site for decades, perpetuating themselves
and competing with potential later colonizers. Although
maximum life spans of individuals of these early coloniz-
ing species are less than the 100þ years of later colonizers
such as creosote bush, individuals of the early colonizing
shrubs in the Berry et al. (2016) study and on the 1968 dis-
turbance in our study can nevertheless live for decades as
well as recruit new individuals from mass germination dur-
ing favorable years (Bowers et al. 2004). For example, in
Death Valley populations, Ehleringer and Sandquist (2018)
reported that maximum life expectancies were 66 years for
brittlebush and 86 years for cheesebush. Both species were
common on the 1968 disturbance in our study, and their
potential life expectancies are still within the 38–56 years
postdisturbance period encompassed by our study.
Although transient appearances occurred of seedlings

and young plants of early colonizing perennials such as
brittlebush on the 1998 disturbance, a high-density, persis-
tent community of mature early colonizers has not, at least
yet, become established as it did on the 1968 disturbance.
Unlike the 1968 disturbance, the 1998 disturbance received
an initial application of salvaged topsoil, which would be
expected to aid establishment of early colonizers (Abella
et al. 2015). A protracted wet period may be necessary to
enable some of the otherwise transient cohorts of seedlings
to survive to maturity (Bowers et al. 2004).
Preceding our initial 2006 sampling, the winter–spring

growing season of 2004–2005 was the wettest of the last 70þ
years and may have influenced dynamics of the dominant
native annual and desert tortoise forage plant, desert plantain
(Esque et al. 2013). We found that cover of desert plantain in
undisturbed reference habitat on desert pavement was six times
higher in 2006 than in any other study year, whereas it consis-
tently increased after 2006 in the full reclamation area. It is
possible that 2005 constituted a major replenishment event for
desert plantain soil seed banks and that the full reclamation
area apparently had habitat suitable to sustain increases.
Our 2024 sampling followed the severe mid-2020 to

2022 drought and coincided with a major loss of creosote
bush with live foliage, disproportionately high in the undis-
turbed reference and substantial but less so in the full recla-
mation treatment. The desert pavement system of the
reference may amplify the effects of climatic drought by
having limited soil water infiltration and salinity that may
stress even the most drought-tolerant perennials, including
creosote bush (Smith et al. 1995; Turk & Graham 2011).
Although the full reclamation area still lost more than half
its creosote bushes with live foliage between 2019 and
2024, it is possible that the 1998 disturbance that destroyed

Fig. 7 Variation in 2024 surface soil properties across four areas
(each with three plots) with different disturbance and reclamation
history in the Mojave Desert, Lake Mead National Recreation Area,
Nevada, USA. Data are means, and error bars are 1 SEM. Statistics
for one-way analysis of variance are included for each variable, and
means without shared letters differ at p < 0.05 (Tukey adjusted).
Soil properties are for interspaces (open areas between perennials)
for the upper 5 cm of mineral soil (there was no O horizon). Soil sta-
bility class ranges from zero (least stable) to six (most stable) follow-
ing Herrick et al. (2001)
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the desert pavement actually increased soil water retention
such that influences of drought were substantial but less
severe than on undisturbed desert pavement. Other factors,
though, such as size, age, or density of creosote bush, could
also influence ability to withstand drought (Miriti et al.
2007). Future dynamics may be driven by whether root
systems of the mature shrubs survived the drought and pro-
duce resprouts or regreening. Published literature is limited
regarding the postdrought recovery abilities of individuals
of shrubs such as creosote bush and white bursage (McAu-
liffe & Hamerlynck 2010), and further monitoring could
help to assess resprout or regreening capability.
Clearly, the year in which outcomes were assessed in

our study could be a contingency factor influencing percep-
tion of key metrics of reclamation effectiveness such as
perennial density and forage plant cover. The full reclama-
tion and undisturbed reference areas converged for peren-
nial plant density 26 years after reclamation in part because
of “degradation” in the reference, namely, loss of creosote
bush with live foliage. This underscores value in a long-
term perspective of reclamation outcomes as well as the
concept of dynamic reference conditions, shifting bench-
marks for comparing effectiveness of reclamation and that
there may be multiple phases of improvements and losses
in ecosystems during reclamation (Chiquoine et al. 2024).

Adaptive Augmentation Treatments During a Long-
Term Reclamation Process

Our results highlight resistance and resilience to natural distur-
bances and climatic events, such as droughts, being an
important consideration in reclamation planning, such as for
augmentation treatments following initial interventions
(Abella et al. 2018). If the loss 26 years into reclamation of
more than half the creosote bushes with live foliage persists
in the full reclamation area, supplemental treatments could
be considered. For example, limited irrigation, where feasi-
ble, may help plantings persist through droughts to protect
initial investments. Conducting replenishment plantings
could be another strategy to enhance resilience following
drought of both the plant community and habitat quality.
For example, whereas desert tortoises readily use large, live
creosote bushes as locations for resting and burrow con-
struction (Berry & Murphy 2019), uncertainty in the degree
that dead or resprouting shrubs are used for these purposes
could have implications for decisions such as replenishment
plantings. These types of augmentation or phased treatments
may have value not only in the first few postreclamation
years but perhaps also decades into the reclamation process.
Augmentation treatment approaches may further provide

opportunities to test and incorporate emerging technologies
or new materials as they become available, such as soil
hydrogels or water-harvesting technologies, perhaps in

conjunction with native species plantings (e.g., Stapleton
et al. 2025). Flexibility in adapting these types of
approaches in the short and long term during reclamation
may be particularly valuable for stewarding reclamation
sites given the uncertainties in future climates in specific
nuances such as timing of precipitation that may be para-
mount to plant establishment. For instance, contrasting
forecasts exist for both reduced and increased summer
monsoonal precipitation in the next 50þ years for the U.S.
desert Southwest (Chylek et al. 2025; Pascale et al. 2017).
Which scenarios actually unfold could have different
implications for plant growth at both reclamation and refer-
ence sites and require adjusting species selection based on
suitability to changing environmental conditions.

Reclamation Treatments and Passive Recovery

With consideration to the high temporal variability we
observed in all four areas, what was gained by the full rec-
lamation treatment compared with the more passive
approaches of only reapplying salvaged topsoil in the par-
tial reclamation treatment or relying on natural recovery?
The full reclamation area developed a creosote bush shrub-
land, including with native annuals typifying desert pave-
ment, that structurally resembled the community on the
undisturbed reference. In 2024, 26 years into reclamation,
the full reclamation area had twice the similarity of plant
species composition to the reference than did the partial
reclamation and 1.53 than did the 1968 legacy disturbance
area 56 years postdisturbance. Aside from the transient
appearance of creosote bush seedlings in 2019 in the leg-
acy disturbance area, it lacked this dominant species of the
reference. Although the persistent community of early col-
onizing perennials in the legacy disturbance area was
diverse and can provide habitat values such as seed and flo-
ral resources for fauna (Ruttan et al. 2021), large perennials
(e.g., creosote bush) used by desert tortoises for protection
were absent, and only minimal cover occurred of many of
the native annuals found in the reference and typifying
desert pavement. Although the partial reclamation area
receiving only salvaged topsoil had a cover of creosote
bush similar to the full reclamation area, much of this
cover was transient seedlings or small plants, most of
which die in any given cohort (Bowers et al. 2004). Fol-
lowing the 2020–2022 drought, the full reclamation area
lost many of its creosote bushes with live foliage, but most
of these individuals (which likely represented the 1999 out-
plants but were not tracked individually after 2001) had
attained heights exceeding 1 m and, thus, may still provide
standing structure even without foliage (Stavi et al. 2021).
In fact, even if these individuals do not resprout, they may
emulate a vertical mulch treatment of placing organic
materials (e.g., branches) upright in the soil. We previously
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found that for 5–10þ years when dead branches remain
standing, vertical mulch can partially provide functions of
live plants, such as offering shade and microsites for
recruitment of beneficiary species (Abella et al. 2023).
Although with less cover than on undisturbed desert pave-

ment, the full reclamation area contained two annual species
(devil’s spineflower and pebble pincushion), which are not
restricted to desert pavement but are often found there (Bow-
ers 1980; Musick 1975). These annuals have traits considered
adaptive for desert pavement (Martı�nez-Berdeja et al. 2013;
Forseth et al. 1984). Devil’s spineflower, for example, has
serotinous seeds fostering an aboveground seed bank and tim-
ing seed release to infrequent periods when water pools on
desert pavements after heavy rains (Martı�nez-Berdeja et al.
2013). Desert plantain, another native annual of desert pave-
ments and an important forage for desert tortoises, also had
higher cover (by an order of magnitude some years) in the
full reclamation area than in the partial reclamation or 1968
legacy disturbance areas. It also seems noteworthy that non-
native plants overall were not most abundant in the full recla-
mation treatment as nonnative plants can be a concern in
reclamation, which often seeks to improve site conditions for
plant growth (Klopf et al. 2025).
Qualitatively, compared with partial reclamation, the full

reclamation treatment appeared more visually similar to the
undisturbed reference likely via the reestablished vegetation
structure and the darker appearance from rearranging surface
rocks and applying dark-colored artificial desert varnish. More-
over, soil stability was similar in the full reclamation and refer-
ence areas, whereas with partial reclamation, it was lower than
in the reference. Stable soil can be desirable for long-term soil
health (e.g., desert pavements form on stable surfaces) and to
limit erosion (Wood et al. 2005). It is unclear if stability of soil
in the full reclamation area resulted from the initial soil surface
treatment or the more well-developed plant community con-
taining a mixture of creosote bush and annuals as plant root
networks, their exudates, and microbial communities can pro-
mote soil stability (Bronick & Lal 2005). However, the qualita-
tively lower amount of silt and clay soil particles in all three
disturbed areas compared with the undisturbed reference may
result from initial postdisturbance erosion, selectively mobiliz-
ing fine soil particles, and could alter water and organic matter
retention in surface soil (Duniway et al. 2019).
Our study examining plant communities after reclamation

interventions revealed intermittent reclamation gains that could
be reversible through time, similar to a dynamic in undisturbed
reference habitat that exhibited major fluctuations in shrub
cover during variable environmental conditions. After receiving
a relatively intensive suite of reclamation treatments involving
soil amendments and outplanting, the full reclamation area did
recover a mature creosote bush shrubland containing a species
composition and structure resembling undisturbed reference

conditions. This gain in ecological function, relative to more
passive approaches, can be weighed against the high cost and
extensive need for reclamation across drylands and consider the
consequences of prolonged drought and other uncertain envi-
ronmental changes. The long-term monitoring of reclamation
outcomes, as provided in this study, contributes essential infor-
mation to establish indicators and benchmarks for reclamation
in dryland settings where recovery is slow, intermittent, and
potentially reversible. Future research can help improve treat-
ments, including those that may augment initial actions later in
the recovery process to address variable and uncertain environ-
mental conditions.

Acknowledgments Funding support for data collection in 2006 was
provided by the National Park Service (NPS) through a cooperative
agreement with the University of Nevada Las Vegas; in 2018 and
2019 by the Restoration Assessment and Monitoring Program for the
Southwest within the Ecosystems Mission Area of the U.S.
Geological Survey; and in 2024 by the Clark County Desert
Conservation Program through the Southern Nevada Public Land
Management Act. Funding in 2006 was organized by A. Newton, in
2018–2019 by S. M. Munson, and in 2024 by S. Ferrazzano.
A. Newton with NPS initiated reclamation treatments and facilitated
the research, including the 2006 permitting along with NPS staff
S. Provencal, M. Boyles, and M. Sappington. The Southern Nevada
Water Authority (SNWA) enabled sampling on their right of way,
and D. Connally (SNWA) provided the disturbance history of the
1968 corridor. For help with data collection, we thank D. Bangle
(2006); M. Boyle, K. Laushman, and C. Coleman (2018, 2019); and
S. Porter, C. Morrison, K. Kline, and S. Stobaugh (2024). Two
anonymous reviewers provided helpful comments on the manuscript.

Declaration of Interest Statement The authors declare no known
conflicts, financial interests, or competing interests. Any use of
trade, firm, or product names is for descriptive purposes only and
does not imply endorsement by the U.S. Government.

References

Abella SR (2010) Disturbance and plant succession in the Mojave and
Sonoran Deserts of the American Southwest. International Jour-
nal of Environmental Research and Public Health 7:1248–1284

Abella SR, Berry KH, Ferrazzano S (2023) Techniques for restoring
damaged Mojave and western Sonoran habitats, including those for
threatened desert tortoises and Joshua trees. Desert Plants 38:4–52

Abella SR, Chiquoine LP, Newton AC, Vanier CH (2015) Restoring
a desert ecosystem using soil salvage, revegetation, and irriga-
tion. Journal of Arid Environments 115:44–52

Abella SR, Newton AC, Bangle DN (2007) Plant succession in the
eastern Mojave Desert: An example from Lake Mead National
Recreation Area, southern Nevada. Crossosoma 33(2R):45–55

Abella SR, Schetter TA, Jaeger JF, Brewer LG, Menard KS, Gallaher
TD, Diver JJ, Sprow LA (2018). Resistance and resilience to nat-
ural disturbance during ecological restoration. Ecological Resto-
ration 36:284–294

Alday, JG, Marrs RH, Martı�nez-Ruiz C (2012) Soil and vegetation
development during early succession on restored coal wastes: A
six-year permanent plot study. Plant and Soil 353:305–320

Berry KH, Murphy RW (2019) Gopherus agassizii (Cooper 1861)—
Mojave Desert tortoise, Agassiz’s desert tortoise. Chelonian
Research Monographs No. 5

Reclamation Sciences (2026) 3:21–32 31

D
ow

nloaded from
 https://reclam

ationsciences.kglm
eridian.com

 at 2026-05-11 by jgarcia@
rpdesk.com

 via R
eprints D

esk



Berry KH, Weigand JF, Gowan TA, Mack JS (2016) Bidirectional
recovery patterns of Mojave Desert vegetation in an aqueduct
pipeline corridor after 36 years: I perennial shrubs and grasses.
Journal of Arid Environments 124:413–425

Bolker BM, Brooks ME, Clark CJ, Geange SW, Poulsen JR, Stevens
MHH, White JS (2009) Generalized linear mixed models: A
practical guide for ecology and evolution. Trends in Ecology and
Evolution 24:127–135

Bowers JE (1980) Flora of Organ Pipe Cactus National Monument.
Journal of the Arizona-Nevada Academy of Science 15:33–47

Bowers JE, Turner RM, Burgess TL (2004) Temporal and spatial pat-
terns in emergence and early survival of perennial plants in the
Sonoran Desert. Plant Ecology 172:107–119

Bronick CJ, Lal R (2005) Soil structure and management: A review.
Geoderma 124:3–22

Chiquoine LP, Abella SR, Schelz CD, Medrano MF, Fisichelli NA
(2024) Restoring historical grasslands in a desert national park:
Resilience or unrecoverable states in an emerging climate? Bio-
logical Conservation 289:110387

Chylek P, Aiken AC, Dubey MK (2025) Climate models project
increasing precipitation in the US Southwest in 2024–2100. Cli-
mate Dynamics 63:364

Duniway MC, Pfennigwerth AA, Fick SE, Nauman TW, Belnap J,
Barger NN (2019) Wind erosion and dust from US drylands: A
review of causes, consequences, and solutions in a changing
world. Ecosphere 10:e02650

Ehleringer JR, Sandquist DR (2018) A tale of ENSO, PDO, and
increasing aridity impacts on drought-deciduous shrubs in the
Death Valley region. Oecologia 187:879–895

Elvidge CD, Moore CB (1980) Restoration of petroglyphs with artifi-
cial desert varnish. Studies in Conservation 25:108–117

Esque TC, Webb RH, Wallace CSA, van Riper C, McCreedy C,
Smythe L (2013) Desert fires fueled by native annual forbs:
Effects of fire on communities of plants and birds in the lower
Sonoran Desert of Arizona. Southwestern Naturalist 58:223–233

Forseth IN, Ehleringer JR, Werk KS, Cook CS (1984) Field water
relations of Sonoran Desert annuals. Ecology 65:1436–1444

Gretarsdottir J, Aradottir AL, Vandvik V, Heegaard E, Birks HJB
(2004) Long-term effects of reclamation treatments on plant suc-
cession in Iceland. Restoration Ecology 12:268–278

Haff PK (2001) Desert pavement: An environmental canary? Journal
of Geology 109:661–668

Haff PK, Werner BT (1996) Dynamical processes on desert pave-
ments and the healing of surficial disturbances. Quaternary
Research 45:38–46

Hereford R, Webb RH, Longpre CI (2006) Precipitation history and
ecosystem response to multidecadal precipitation variability in
the Mojave Desert region, 1893-2001. Journal of Arid Environ-
ments 67:13–34

Herrick JE, Whitford WG, de Soyza AG, Van Zee JW, Havstad KM,
Seybold CA, Walton M (2001) Field soil aggregate stability kit for
soil quality and rangeland health evaluations. Catena 44:27–35

Holl KD (2002) Long-term vegetation recovery on reclaimed coal
surface mines in the eastern USA. Journal of Applied Ecology
39:960–970

Holmgren M, Scheffer M (2001) El Niño as a window of opportunity
for the restoration of degraded arid ecosystems. Ecosystems
4:151–159

Jennings WB, Berry KH (2015) Desert tortoises (Gopherus agassizii)
are selective herbivores that track the flowering phenology of
their preferred food plants. PLoS ONE 10:e0116716

Klopf SK, Zipper C, Evans DM, Fields-Johnson C (2025) Mine recla-
mation practices influence emerging plant communities in Appa-
lachia, USA. Reclamation Sciences 2:1–12

Lato LJ, Merkler D, Lugo J, Harrington K (2006) Soil survey of Clark
County area, Nevada. Natural Resources Conservation Service,
Washington, DC

Martı�nez-Berdeja A, Pietrasiak N, Tamase A, Ezcurra E, Allen EB
(2013) Living where others dare not: Microhabitat distribution in
Chorizanthe rigida, a serotinous desert annual. Journal of Arid
Environments 97:120–126

Martı�nez-Pabello PU, Mergelov NS, Bronnikova MA, Sedov SN,
Lebedeva MP, Golovanov DL, Trejo-Martin P (2025) Desert
varnish—A “microsoil” of the arid environments: Origin, geo-
graphical variability, and paleoecological significance (review).
Eurasian Soil Science 58:94

McAuliffe JR, Hamerlynck EP (2010) Perennial plant mortality in the
Sonoran and Mojave deserts in response to severe, multi-year
drought. Journal of Arid Environments 74:885–896

McFadden LD (2013) Strongly dust-influenced soils and what they
tell us about landscape dynamics in vegetated aridlands of the
southwestern United States. Geological Society of America Spe-
cial Paper 500

Miriti MN, Rodrı�guez-Burticá S, Wright SJ, Howe HF (2007) Epi-
sodic death across species of desert shrubs. Ecology 88:32–36

Musick HB (1975) Barrenness of desert pavement in Yuma County,
Arizona. Journal of the Arizona Academy of Science 10:24–28

Natural Resources Conservation Service (2025) The PLANTS data-
base. National Plant Data Team, Greensboro, NC

Newton AC (2001) DRiWATER: An alternative to hand-watering
transplants in a desert environment (Nevada). Ecological Resto-
ration 19:259–260

Pascale S, Boos WR, Bordoni S, Delworth TL, Kapnick SB,
Murakami H, Vecchi GA, Zhang W (2017) Weakening of the
North American monsoon with global warming. Nature Climate
Change 7:806–812

Ruttan A, Lortie CJ, Haas SM (2021) Shrubs as magnets for pollina-
tion: A test of facilitation and reciprocity in a shrub-annual facili-
tation system. Current Research in Insect Science 1:100008

Salley SW, Herrick JE, Holmes CV, Karl JW, Levi MR, McCord SE,
van der Waal C, Van Zee JW (2018) A comparison of soil tex-
ture-by-feel estimates: Implications for the citizen soil scientist.
Soil Science Society of America Journal 82:1526–1537

Seong YB, Dorn RI, Yu BY (2016) Evaluating the life expectancy of
a desert pavement. Earth-Science Reviews 162:129–154

Smith SD, Charlet TN, Zitzer SF, Abella SR, Vanier CH, Huxman
TE (2014) Long-term response of a Mojave Desert winter annual
plant community to a whole-ecosystem atmospheric CO2 manip-
ulation (FACE). Global Change Biology 20:879–892

Smith SD, Herr CA, Leary KL, Piorkowski JM (1995) Soil-plant
water relations in a Mojave Desert mixed shrub community: A
comparison of three geomorphic surfaces. Journal of Arid Envi-
ronments 29:339–351

Stapleton J, Turner SR, Warne D, Florentine S (2025) Effects of
burial depth, watering regime and soil amendments on the estab-
lishment of four arid zone species. Ecological Management and
Restoration 26:e70010

Stavi I, Zaady E, Gusarov A, Yizhaq H (2021) Dead shrub patches as
ecosystem engineers in degraded drylands. Journal of Geograph-
ical Sciences 31:1187–1204

Turk JK, Graham RC (2011) Distribution and properties of vesicular
horizons in the western United States. Soil Science Society of
America Journal 75:1449–1461

Wood YA, Graham RC, Wells SG (2005) Surface control of desert
pavement pedologic process and landscape function, Cima Vol-
canic field, Mojave Desert, California. Catena 59:205–230

32 Reclamation Sciences (2026) 3:21–32

D
ow

nloaded from
 https://reclam

ationsciences.kglm
eridian.com

 at 2026-05-11 by jgarcia@
rpdesk.com

 via R
eprints D

esk



Supporting Information 
Abella SR, Chiquoine LP, Munson SM. Intermittent and reversible vegetation change during a 
19-year period on severe disturbances receiving reclamation and on undisturbed desert 
pavement. Reclamation Sciences 
 

 
 
Fig. S1  Distribution of sample plots in each of four areas varying in disturbance and reclamation 
history where we performed a case study to examine multi-decade change in plant communities 
in the Mojave Desert, Lake Mead National Recreation Area, Nevada, USA. The study site is 
within the Lake Mead Sub-Basin (hydrologic unit code [HUC] 8-15010005), Gypsum Wash-
Colorado River watershed (10-1501000513), and Hemenway Wash sub-watershed (12-
150100051309). The HUCs were obtained from the U.S. Geological Survey, Watershed 
Boundary Dataset, accessed 8 February 2026, https://www.usgs.gov/national-
hydrography/watershed-boundary-dataset  
 
 
 
 
 
 



Table S1  Variation among 24 plant species with the highest cover across four areas differing in 
disturbance and reclamation history in the Mojave Desert, Lake Mead National Recreation Area, 
Nevada, USA   
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