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Note:  (A) woodland, (B) shrubland, (C) grassland, (D) wetland, (E) aquatic, (F) early-seral

Figure 2-1
Spring Valley Examples of the Six Biomes
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Table 2-1
Definitions of Biomes Used to Classify Vegetation Units 

and Amount of Area Mapped in Spring Valley (2008-2009)

Biome Definition

Mapped Area

(ha) (ac)

Woodland
Area where trees (woody plants greater than 3 m tall) are the dominant 
or subdominant species.

460 1,136

Shrubland
Area where shrubs (woody plants less than 3 m tall) are the dominant or 
subdominant species.

2,990 7,385

Grassland Area dominated by grasses and not perennially covered by water. 2,798 6,911

Wetland
Area where the soil is saturated for most of the year, but not perennially 
covered by water, and not dominated by grasses.

3,175 7,842

Aquatic Area perennially covered by water and supporting plants. 28 69

Early-seral
Area devoid of plant cover or supporting plants characteristic of early 
stages of successiona.

77 190

aThe term succession is used throughout this document.  Succession can be defined as the progressive replacement of one plant 
community by another, generally terminating in a relatively stable community (Smith, 1992).  In its simplest terms it is change in 
vegetation composition at a given location over time (Billings, 1970).  The community progression that defines a specific succession 
(i.e., a sere) is commonly divided into early-, mid-, and late-stages (i.e., seral stages), with early-seral communities generally 
dominated by annual or short-lived perennial species and late-seral stages dominated by relatively long-lived perennials.  As pointed 
out 350 years ago by Spinoza, “nature abhors a vacuum,” and bare ground seldom remains bare for long because of succession 
(Kormondy, 1996, p. 299). Bare ground represents unutilized resources and plants will exploit these resources over time.
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3.0 POTENTIAL VEGETATION CHANGES RESULTING FROM 
CHANGES IN DEPTH TO WATER IN SPRING VALLEY

Topography is a major factor affecting the distribution of vegetation in Spring Valley, in part because 
of its effect on availability of water.  Aquatic and wetland communities occur in lower-elevation areas 
where water accumulates at and above the soil surface (Figure 3-1).  As elevation increases, DTW 
also tends to increase and the vegetation generally shifts to grassland and then shrubland types in 
response to increasing DTW.      

3.1 Aquatic and Wetland Biomes

The most groundwater-sensitive biomes are the aquatic and wetland.  Aquatic communities are 
dependent on standing water, with depth of standing water important for most of them.  Aquatic 
communities in Spring Valley occur because of one of four factors: (1) outflow from springs, 
(2) overland flow from spring runoff, or (3) flow from irrigation structures, or (4) depth to water.  Any 
substantial decrease in depth of standing water from any of these sources is likely to adversely affect 
these communities.

Wetland communities in Spring Valley area are primarily associated with the same four factors that 
create and sustain the aquatic communities.  In most cases, the wetland communities exist because of 
outflow, both surface and subsurface, from the spring pools, spring channels, irrigation structures, and 
margins of ponds that result from spring or irrigation flows.  Some wetlands do occur as a result of 
shallow groundwater that rises to the soil surface.  This third set of wetlands, i.e., those sustained by 
shallow groundwater, are the wetlands likely to be most susceptible to an increase in DTW.

Note:  A = big sagebrush-rabbitbrush, B = greasewood-rabbitbrush, C = greasewood-sacaton, D = sacaton-saltgrass, E = Baltic rush-
Nebraska sedge, F = bulrush, G = cattail-bulrush.

Figure 3-1
Typical Toposequence of Plant Communities in Spring Valley in Relation to DTW
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4.0 SUMMARY OF POTENTIAL SUCCESSIONAL PATTERNS

The patterns and rates of vegetation change will depend on a number of factors.  Factors of key 
importance include (1) initial species composition, (2) rate of groundwater decline, and (3) amount of 
precipitation received during the transition period.  Additional factors that will affect vegetation 
change include (1) level of livestock grazing, (2) irrigation practices, (3) possible climate change, and 
(4) frequency and intensity of disturbance factors such as fire.

Plant communities are dynamic over time (Clapham, 1973, p. 123; Veblen, 1992).  Their species 
composition and productivity vary in response to fluctuations and changes in the environmental 
factors affecting the community.  These community changes include both fluctuations 
(nonsuccessional) and directional (successional) change (Smith, 1992, p. 330).  Fluctuations around a 
long-term average occur because of seasonal, annual, and decadal fluctuations in the levels of the 
various environmental factors.  In dry years for example, productivity decreases and the relative 
importance of more xeric species within the community increases.  In wet years, productivity 
increases as does the relative importance of more mesic species.  Directional change in the 
community occurs when either (1) the long-term average level of one or more environmental factor 
affecting community composition shifts or (2) a major disturbance occurs that substantially alters the 
composition of the community.  In both cases, the ecosystem readjusts to the altered conditions 
through the process of succession.  

Succession is the ecological process of vegetation change over time (Billings, 1970) resulting from 
various species being replaced by other species as ecological conditions at the site change over time 
(Odum, 1971, p. 251).  Primary succession occurs when the substrate has not been significantly 
affected previously by plants.  An example would be a landslide that removed the plant community 
and supporting soil from a slope, exposing bedrock or rock debris.  Secondary succession occurs 
when the disturbance is of sufficient magnitude to change the plant community but the soil remains. 
In some cases the disturbance factor can eliminate the existing plant community entirely.  Examples 
include cultivation and very hot fires.  In other cases, the disturbance alters the composition and 
structure of the plant community, but some species remain.  Examples of this include sustained 
over-grazing, severe and long-term drought, and relatively cool fires.

Two major factors causing succession are competitive displacement and stress tolerance (McLendon 
and Redente, 1992, 1994; Smith, 1992, p. 323).  No ecosystems exist that have all environmental 
factors at optimum levels at all times for all species present.  One or more required resources 
(e.g., nutrients, water, sunlight, temperature, space) or stressors (e.g., fire, grazing, disease) are 
always suboptimal for each species.  However, they are not equally suboptimal for all species nor are 
all species equally able to tolerate the conditions that exist at the site.  As the levels of each of the 
resources and stressors change, there are corresponding changes in ability of each species to tolerate, 
or to thrive under, those conditions.  These changes affect the ability of each species to secure its 
necessary resources relative to its associated species (McLendon and Redente, 1991, 1994; Smith 
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11390 Ecology: Jackson et al. 

Facility for Environmental Research at the University of Utah 
(Salt Lake City, UT). 

To estimate total soil Nand organic C concentrations in cave 
soil as well as fine-root biomass and densities, we placed 
random 0.25-m2 plots on the floors of the caves. The plots were 
excavated to depths of 20 em. Fine roots ( <2 mm in diameter) 
were separated from the soil, and the roots were dried at 60°C 
and weighed. Total Nand organic C determinations of the soil 
were made with a CE Elantech NC 2100 Soil Analyzer 
(Lakewood, NJ). The six caves sampled were Spyglass, Cot­
terell, Turtle Shell, Sweet, Cicurina, and Powell's (see Table 1 
for the location, depth, and species present in each cave). 
Surface-soil nutrient concentrations were estimated from ran­
dom samples to bedrock (between 10 and 20 em deep) above 
the caves at the same sites. 

RESULTS AND DISCUSSION 

Six tree species common to the Edwards Plateau were found 
with roots below 5 m (Table 1). These six species in the genera 
Celtis, Juniperus, Quercus. and Ulmus represent three-fourths 
of woody plants on the plateau, as determined by importance 
values, withJ. ashei and Q. fusiform is comprising over half that 
total (26). Roots were observed above 20 m in every cave 
sampled with one exception, a 13-m-deep cave above which the 
surface vegetation had been cleared previously (data not 
shown). Despite the diversity of species found between 5 and 
10m, only one species was found below 10 m: the live oak Q. 
fusiformis from four caves between 10 and 25 m in depth (Table 
1). Five caves deeper than 25 m had abundant Q. fusiformis 
populations at the surface, and three had permanent under­
ground streams. Nonetheless, no roots of any species were 
found below 25 m, which we estimate to be the maximum 
rooting depth for the ecosystem. 

A hierarchy of rooting depth for woody species emerges 
from the data (Table 1). Of the species present at the surface 
above five or more caves, C. laevigata was apparently the 
shallowest rooted. It was found at seven sites but was detected 
in only one cave at a depth of 6 m. J. ashei, the most common 
tree, occurred at 15 sites overall; it was found in three of nine 
caves shallower than 10 m (at 6, 7, and 8 m). U. crassifolia, 
though less abundant than J. ashei, was more likely to be found 
in caves when present at the surface (roots at 5, 7, and 9 m in 
three of five shallow caves). Q. fusiformis, the deepest of the 
species, was observed dependably in eight caves to depths of 
-20-m when present at the surface (Table 1). 

We examined the functional importance of deep roots in the 
system by using 180 signatures of water in plants, soil, and a 

Proc. Natl. Acad. Sci. USA 96 (1999) 

permanent underground stream at the Powell's Cave site. (We 
also used the 180 data as a check of the ITS results.) Live oaks 
at the site had 180 signatures that closely matched the signa­
ture of the underground stream water (Fig. 2), indicating that 
the trees apparently were using this water as their primary 
source. Stem water in a subshrub (Guttierezia dracunculoides), 
a forb (Abutilon fructicosum ), and a grass (Aristida purpurea) 
had progressively heavier 180 signatures that reflected the 
uptake of evaporatively enriched water from the surface soil 
layer (and, most likely, increasingly shallow rooting depths 
from subshrub to grass; Fig. 2). 

Although root biomass generally decreases with depth in the 
soil (34-36), plants show great flexibility in allocating roots 
and adjusting resource uptake in layers with high resource 
availability (37-40). Such flexibility may help capture below­
ground resources that vary with depth through time. For 
example, the availability of water in surface and deeper soil 
layers may vary depending on a site's hydrology and the 
seasonal pattern of precipitation and plant water use. We 
estimated a rough lower bound on the pool of water available 
to deep roots in our system based on data from the 11,400-km2 

drainage area of the Edwards aquifer. Average annual re­
charge from 1970-1997was 1.08 km3 in the drainage area (41). 
Aquifer recharge across the zone is therefore 90 mm/year, the 
average amount of water that percolates beyond the rooting 
depth of plants and more than 10% of annual precipitation. 
Basing the calculation on the 3,900-km2 recharge zone in­
creases the estimated percolation from 90 mm/year to 260 
mm/year in that smaller area. Five of our caves were in the 
aquifer drainage area, and three were in the recharge zone. 
Evidence for the presence of deep soil water also comes from 
the slow but observable trickle of water from the ceilings of 
caves we visited during the severe drought of 1998. Such slowly 
percolating water is the resource deep roots most likely exploit. 

In addition to taking up water, the plants may also take up 
nutrients at depth. The relatively low nutrient concentrations 
and the shallow soils of the Edwards Plateau result in surface 
nutrient pools that are small. Organic matter in cracks and 
fissures and in cave soils may be the source of additional 
nutrients for plants across the region. Cave soils at six sites had 
total N concentrations ranging from 0.1% to 1.3% N compared 
with 0.3% to 1.4% in surface soils at the same sites (Fig. 3). 
Expressed as a ratio, N concentrations in cave soils were 17% 
to 92% of those in surface soils, and organic C contents were 
16% to 77% of those at the surface (Fig. 3). TheN in cave soils 
may come partly from bat guano [total N concentrations below 
bat roosts in Powell's Cave were 19.4% ::!: 0.81% (SEM)]. 
However, only a few caves had bat colonies, and Cotterell 

Mean li18o Values for Powells Cave 

Stream 

Live Oak 

-6 -4 

0 10/97 • 6/98 

·2 0 2 4 

Mean li18o 
6 

Guttierezia 

Abutilon 

Aristida 

Surface Soil 

FIG. 2. Comparison of 180 isotopic signatures on two dates for stem water of plants at the surface of the Powell's Cave site with the signatures 
of water from surface soil (surface to bedrock) and from an 18-m-deep underground stream (mean ± SEM; n = 2-5). The species sampled were 
Abutilon fructicosum (a forb), Aristida purpurea (a grass), Guttierezia dracunculoides (a subshrub ), and Q. fusiformis Small (live oak tree), and the 
two sampling dates were October 25, 1997 and June 27, 1998 (the cave is open only on the last weekends of February, June, and October). Isotopic 
analyses were run at the Stable Isotope Research Facility of the University of Utah. Water in the stems oflive oaks atthe surface had an 180 signature 
that closely matched the underground stream water, evidence that the trees are likely using this water as a primary source. 
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ECOSYSTEM EFFECTS OF GROUNDWATER DEPTH IN OWENS VALLEY, CALIFORNIA 
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Figure 5. Shrub and grass canopy cover(%) in sites varying with DTW 
(metres). Data were fit with a three-parameter sigmoidal curve (grasse~: 
R1 = 0·96, p < 0-0001; shrubs: R2 = 0·75, p < 0·01). Error bars show 

one standard error (n = 5). 
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groundwater. Error bars show one standard error (n varies from 3 to 5). 

utilized shallower soil water than shrubs as indicated 
by water isotope measurements (Figure I), and grass 
cover declined sharply with declining DTW (Figure 5). 
In addition, soil N declined with decreasing grass cover 
(Figure 7) as expected. However, contrary to our initial 
hypotheses, grasses were more resistant to cavitation than 
shrubs (Figure 3). Unexpectedly, vulnerability to cavi­
tation was not correlated with lignin content (Table I); 
instead, lignin : N ratios declined with increasing DTW in 
A. torreyi (Figure 4). Our results show that many com­
munity, ecosystem, and plant traits vary with DTW, but 
there is still some uncertainty in the mechanisms linking 
groundwater depth with plant and ecosystem function. 

Plant water sources 

Plant species in the Great Basin Desert are known to 
utilize a variety of soil water sources (Ehleringer et al., 
1991; Donovan and Ehleringer, 1994; Pataki et al., 2008; 
Goedhart et al., 2010). In general, herbaceous species 
tend to utilize shallower sources of soil water, while 

Copyright© 2010 John Wiley & Sons. Ltd. 
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and soil organic nitrogen (%, R2 = 0·75, p < 0-01) in sites varying 
in grass cover (percent). Error bars show one standard error (11 varies 
between 3 and 5 samples for soil N characteristics and 11 = 5 for grass 

cover). 

woody perennial species tend to utilize deeper soil water 
(Ehleringer et al., 1991). We found this same trend in 
this study, as well as in our previous work in Owens 
Valley, where the gras~ species D. spicata had rhizome 
water isotopes that were more similar to shallow soil 
water isotopes, and the shrub species A. torreyi and 
E. nauseosa had stem water isotopes that were more 
similar to groundwater isotopes at sites with DTW of 
1.5-2 m (Pataki et al., 2008; Goedhart et al., 2010). 
Great Basin species are also known to have varying 
responses to summer rain events (Ehleringer et at., 1991; 
Flanagan et al., 1992; Donovan and Ehleringer, 1994; 
Pataki et al., 2008; Goedhart et al., 2010), where grasses 
and shallowly rooted drought deciduous species tend to 
utilize summer precipitation to a greater degree than 
deeply rooted woody species. Additionally, DTW has 
been shown to play a role in the extent to which plants 
utilize precipitation, with greater use of precipitation in 
sites with greater DTW (McLendon et al., 2008). In 
this study, we sampled plant water of all species in all 
sites following a rain event in September. A. torreyi and 
D. spicata showed variation in the amount of deep 
soil water utilization among sites. This variation was 
not correlated with DTW in A. torreyi, but the large 
decreases in deep water utilization in D. spicata at 
the deepest DTW site indicates that this species was 
either utilizing a shallower source of soil water or 
water from recent precipitation (Figure I). E. nauseosa, 
a known phreatophyte, has consistently been found to 
utilize deep sources of water, even following precipitation 
events (Ehleringer et al., 1991; Donovan and Ehleringer 
1994; Pataki et al., 2008; Goedhart et al., 2010). In 
this study, E. nauseosa utilized deep soil water at all 
sites (Figure I). However, bulk leaf c5 13C, which is an 

Ecohydrol. (20 I 0) 
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utilized shallower soil water than shrubs as indicated 
by water isotope measurements (Figure I), and grass 
cover declined sharply with declining DTW (Figure 5). 
In addition, soil N declined with decreasing grass cover 
(Figure 7) as expected. However, contrary to our initial 
hypotheses, grasses were more resistant to cavitation than 
shrubs (Figure 3). Unexpectedly, vulnerability to cavi­
tation was not correlated with lignin content (Table I); 
instead, lignin : N ratios declined with increasing DTW in 
A. torreyi (Figure 4). Our results show that many com­
munity, ecosystem, and plant traits vary with DTW, but 
there is still some uncertainty in the mechanisms linking 
groundwater depth with plant and ecosystem function. 

Plant water sources 

Plant species in the Great Basin Desert are known to 
utilize a variety of soil water sources (Ehleringer et al., 
1991; Donovan and Ehleringer, 1994; Pataki et al., 2008; 
Goedhart et al., 2010). In general, herbaceous species 
tend to utilize shallower sources of soil water, while 
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in grass cover (percent). Error bars show one standard error (11 varies 
between 3 and 5 samples for soil N characteristics and 11 = 5 for grass 

cover). 

woody perennial species tend to utilize deeper soil water 
(Ehleringer et al., 1991). We found this same trend in 
this study, as well as in our previous work in Owens 
Valley, where the gras~ species D. spicata had rhizome 
water isotopes that were more similar to shallow soil 
water isotopes, and the shrub species A. torreyi and 
E. nauseosa had stem water isotopes that were more 
similar to groundwater isotopes at sites with DTW of 
1.5-2 m (Pataki et al., 2008; Goedhart et al., 2010). 
Great Basin species are also known to have varying 
responses to summer rain events (Ehleringer et at., 1991; 
Flanagan et al., 1992; Donovan and Ehleringer, 1994; 
Pataki et al., 2008; Goedhart et al., 2010), where grasses 
and shallowly rooted drought deciduous species tend to 
utilize summer precipitation to a greater degree than 
deeply rooted woody species. Additionally, DTW has 
been shown to play a role in the extent to which plants 
utilize precipitation, with greater use of precipitation in 
sites with greater DTW (McLendon et al., 2008). In 
this study, we sampled plant water of all species in all 
sites following a rain event in September. A. torreyi and 
D. spicata showed variation in the amount of deep 
soil water utilization among sites. This variation was 
not correlated with DTW in A. torreyi, but the large 
decreases in deep water utilization in D. spicata at 
the deepest DTW site indicates that this species was 
either utilizing a shallower source of soil water or 
water from recent precipitation (Figure I). E. nauseosa, 
a known phreatophyte, has consistently been found to 
utilize deep sources of water, even following precipitation 
events (Ehleringer et al., 1991; Donovan and Ehleringer 
1994; Pataki et al., 2008; Goedhart et al., 2010). In 
this study, E. nauseosa utilized deep soil water at all 
sites (Figure I). However, bulk leaf c5 13C, which is an 
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There are 3,569 wetland polygons mapped in Spring Valley.  Micro-topography is a major factor 
affecting the distribution of associations and communities within the wetland biome.  These wetland 
areas can be divided into three general categories: (1) those occurring on areas of slightly higher 
elevation (upper), (2) those occurring in intermediate zones, and (3) those occurring on sites of 
slightly lower elevation (lower).  Micro-topography affects the supply of water to the various wetland 
communities.  The lower sites have a more or less continually saturated soil surface whereas the 
higher elevation sites have saturated soil near, but not at, the soil surface at most times (Figure 3-2).     

The upper micro-topographic wetlands have lower cover values and the species are of a lower 
successional status than the intermediate or lower wetlands because their surface soils tend to dry out 
during the summer and livestock tend to concentrate on them more heavily because of their higher 
elevation.  These upper wetlands contain about 14 percent of the mapped wetland polygons and the 
most frequent dominant species were sliver cinquefoil (Argentina anserina) and various sedges 
(Carex spp.).

Intermediate wetlands are the most numerous in Spring Valley, containing 71 percent of all wetland 
polygons.  Most of these are dominated by either Baltic rush (Juncus arcticus) or Nebraska sedge 
(Carex nebrascensis).  The lower elevation wetlands contain 15 percent of the wetland polygons and 
the most frequent dominants are creeping spikerush (Eleocharis palustris), tule bulrush 
(Schoenoplectus acutus), and cattail (Typha sp.).

These wetland communities are very sensitive to variations in supply of water.  Depth of surface 
water, depth to saturated soil, and duration of soil saturation are all important factors in determining 
the sustainability and productivity of these wetlands.  If depth and duration of inundation increase, the 
wetlands will shift towards aquatic communities.  If depth and duration of inundation decrease or 
depth to saturated soil increases, these communities will shift toward wet meadows.  

Note:  (L = lower topographic group, standing water usually present; M = middle topographic group, saturated soil near the soil surface, 
standing water often present; U = upper topographic group, saturated soil near the soil surface, standing water occasionally present). 

Figure 3-2
Typical Distribution of Plant Communities on Wetland Sites

in Spring Valley in Response to Microtopography
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Valley, Colorado are most dense when DTW is less than 3 m, but vigorous stands occur on sites with 
DTW as deep as 10 m (Charles et al., 1987).

Greasewood cover is highest when DTW is 1-2 m, but greasewood cover is only weakly correlated 
with DTW between 2 and 6 m.  Cover of greasewood-dominated plant communities in central 
Nevada and eastern California typically average 30-35 percent when DTW is 1.0-1.5 m, in years with 
average precipitation (Nichols, 1994; ICWD/LADWP, 2010; Mata-Gonzalez et al., in press).  At 
1.5-4.0 m DTW, cover decreases to about 25-30 percent and about 15-25 percent between 4.0 and 
6.0 m DTW (Table 3-2).  Within each of these two ranges in DTW, greasewood is largely unaffected 
by changes in DTW.  Between 6-8 m DTW, cover averages 10-15 percent and decreases to about 
5 percent at DTW greater than 8 m.     

Greasewood is sensitive to shallow groundwater.  Greasewood cover decreases as DTW decreases 
above about 1 m (Shantz and Piemeisel, 1940; Sorenson et al., 1991; Nichols 1994) and greasewood 
plants do not tolerate flooding for extended periods (1-6 months) (Ganskopp, 1986; Groeneveld and 
Crowley, 1988).

Precipitation has a strong effect on greasewood, even when DTW is well within the rooting zone
(Rickard, 1967; Branson et al., 1976; Rickard and Warren, 1981; Sorenson et al., 1991; Chimner and 
Cooper, 2004).  Greasewood cover is about 50 percent higher when annual precipitation is more than 
about 20 cm than when it is less than 20 cm.  In dry years (less than 10 cm), greasewood cover 
decreases by only about 10-20 percent compared to moderate precipitation years (10-20 cm).  This 
relatively small decrease in cover is the result of increased use of groundwater during dry years.  The 
interaction between precipitation and groundwater use by greasewood is an important factor to 
consider when attempting to quantify the effect of change in DTW on greasewood (Sorenson et al., 
1991; McLendon et al., 2008).

Table 3-2
Estimated Change in Plant Cover (%) in a 

Typical Greasewood Communities in Spring Valley, Nevada 
in Relation to Increase in DTW in Years of Average Precipitation

Mean DTW (m)

1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0 >9

30 35 28 28 28 28 25 22 22 20 20 15 15 10 10 5 5 5
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Much of the bare soil, which covers from 20 to 40 per­
cent of the transects at this site, is characterized by 
smooth areas or slicks between low vegetated mounds. 
The smooth surface of the slicks, combined with low in­
filtration rates , facilitates runoff and decreased infiltra­
tion. 

In 1983, relatively abundant precipitation was 
evenly distributed over the winter months. In 1986, much 
of the precipitation fell during a few intense storms (more 
than 40 percent of the total annual precipitation fell dur­
ing a single storm in February). The small but frequent 
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Figure 16. Seasonal precipitation at (A) Bishop and (B) 
Independence during each growing season, 1982-86. 
Values are combined monthly totals from November of 
the preceding year through October of the year indi­
cated. From National Oceanic and Atmospheric Admin­
istration monthly summaries . 

Table 2. Correlation coefficients for cover repetition and 
prec ipitation for phreatophytic shrubs and grasses for each 
transect at sites K and 0 

[--. no datal 

Kl 
K2 
K3 
K4 
K5 

Transect 

K combined . . .. .... . . . 

D1 
D2 
D3 
D4 
D5 
D6 
D combined .......... . 

Shrubs 

0.19 
.62 
.55 
.42 
.36 
.50 

.51 

.58 

.84 

.80 

.98 

.65 

.88 

Grasses 

0.46 

.48 

.45 

.90 

.56 

.68 

.51 

.69 

amounts of precipitation occurring in 1983 allowed 
greater infiltration at site D than in 1986, when more 
water may have been lost to runoff at site K than at site 0 
because of differences in topography, soil type, and rain­
fall intensity. This would result in less recharge to the 
upper soil levels and less soil moisture available to plants. 

Plant-cover measurements at slow-drawdown sites 
Hand B (fig. 17) began in 1984. At site H, transects HI 
and H2 show a decrease in plant cover from 1984 to 
1985. In 1986. cover repetition increased following that 
season's increased precipitation. 

Plant cover also dec reased from 1984 to 1985 at 
transects Bland B2. Cover repetition in 1986 increased 
at transect B2, but not at B I. As a group, phreatophytic 
shrubs at transect B I showed no change in cover repeti­
tion between 1985 and 1986. 

Response to Changes in Depth to Ground Water 

In order to evaluate the effect of water-table draw­
down on plant cover, the measurement of changes in 
plant cover induced by water-table drawdown must be 
separated from those changes induced by precipitation. 
The close proximity of each site's transects should result 
in equal distribution of precipitation among the transects. 
If one assumes that the effect of precipitation on plant 
cover also is uniform at each site, differences in the vari­
ation between transects may be the result of changes in 
the depth to the water table. This assumption is reason­
able at all sites except site K, where the presence of the 
largely impervious slick areas alternating with mounds 
occupied by plants means that infiltration of precipita-

G24 Hydrology and Soil· Water-Plant Relations in Owens Yalley, California 
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Table 1. Percentage cover of plant species, bare soil, and mulch measured at each transect, September 1984 

Cover 

KI K2 K3 K4 K5 

Artemisia truu"tata .............. 0 0 0 0 0 

Atriplex con/uti/olia ........ ... ". 0 0 0 0 0 
Atriplex torreyi ...................... 31.6 19.2 10.4 17.2 22.0 

ChrysotilarMus Museosus .... 0 3.6 5.2 4.4 6.4 

Distich/is spicala ." ..... .... ....... .4 0 0 0 .4 

Glycyrrhiza lepidota ....... ....... 9.2 0 2.0 4.4 8.4 
SarcobaJus vermiculatus ....... 0 1.6 .8 .4 1.2 
SporolJolus airouus .... ......... . 0 0 0 0 0 
Other pIanl species ......... ....... 0 2.4 1.6 0 1.6 

8are soil .... ............................ 20.0 39.6 41.6 22.8 26.0 
Mulch ...................... ... ............ 38.8 33.6 38.4 50.8 34.0 

to leaf area and biomass and is a more sensitive meas­
urement of changes in the plant canopy. Although the 
planl community at each site is qualitatively uniform as 
to species composition and character over the period of 
this study, quanlitative differences between transects pre­
clude direct comparison of the percentage cover or cover 
repetition measurements from one transect to another. 
This difference can be seen from the variability in per­
centage cover at each transect for each planl species, 
mulch (dead pi ani material), and bare soil in table 1. To 
allow comparisons between transects , measurements of 
cover repetition at each transect were normalized to ini­
tial, prepumping conditions (September 1983 measure­
ment). Normalized cover repetition was calculated using 
the following equation: 

Normalized 
cover repetition 

Current cover repetition -1. 
Initial cover repetition 

(2) 

As a result of this normalization, the initial values 
for cover repetition at all transects are equal. Differences 
between normalized measuremenls at any single transect 
are a measure of change in cover repetition relative or 
proportional to initial conditions rather than a difference 
in actual cover repetition. At each transect, normalized 
cover repetition is zero for the first measurement. Subse­
quent measuremenls are positive for increases and nega­
tive for decreases in cover. MUltiplying normalized 
cover repetition by 100 gives the percenlage difference 
between a measurement and initial conditions at the 
transect. 

Response to Precipitation 

In the first 2 years of this study, a widespread de­
cline in plant cover occurred at the study sites (fig. 14). 

DI 

0.4 

1.2 
0 

2 .8 

2.4 

0 

6.0 

0 

.4 

62.4 

24.4 

Transect 

D2 D3 D4 D5 D6 HI H2 81 82 

0.8 3.2 0 0 0 0 0 0 0 

0 .8 0 0 \.6 0 0 0 0 

0 0 0 0 0 23.6 36.4 3.6 6.4 

0 .4 4.0 6.4 6.0 .8 0 5.6 17.6 

10.4 .8 6.8 6.0 5.6 3.6 27.2 18.0 12.8 

0 0 0 0 0 .4 1.2 0 0 

3.2 0 .8 1.6 1.6 0 0 7 .6 12.4 

0 0 11.6 8.8 3.6 0 0 6.4 6.0 

.4 0 0 0 .4 .4 .4 0 1.6 

54.8 62.8 50.0 47.2 58.8 55.6 6.0 22.8 8.0 
30.4 32.0 26.8 30.0 22.4 15.6 28.8 36.0 35.2 

Measurements made in 1986 show a slight recovery but 
were still below initial levels. During the 1984 and 1985 
growing seasons, a substantial decrease in cover was 
measured at all transects regardless of differences in 
water-table drawdown (fig. 15). Plant-productivity meas­
urements made in 1983 and 1984 at Haiwee Reservoir at 
the southern end of the valley by Los Angeles Depart­
ment of Water and Power also show a decline in 1984 
(Los Angeles Department of Water and Power, written 
commun., 1986). The widespread decrease in plant cover 
is evidence that a valleywide factor affected plant cover. 

Changes in plant cover closely corresponded to 
changes in total yearly precipitation as measured from 

260 r-----------------------------------, 

240 

C/) 

Z 220 
0::: 
o 
o 
a: 200 

W 
c.. 
C/) 

!= 
I 

180 

160 

140 

1983 1984 1985 1986 

YEAR 

Figure 14. Combined measurements of cover repetition 
for all sites and species measured in September, 1983-86. 

Soil Water and Vegetation Responses to Precipitation and Changes in Depth to Ground Water in Owens Valley, California G21 

hornk
Typewritten Text
SNWA Exhibit 44

hornk
Highlight



Potential Effects of Change in Depth to Water on Vegetation in Spring Valley, Nevada

Section 3.0 3-11

 
 

table at greater than 4 m depths with some fine roots at the top of the water table (Branson et al., 
1976; Donovan et al., 1996; Chimner and Cooper, 2004).  Under conditions of flooding resulting 
from a rising water table, these deeper roots die and live rabbitbrush roots survive only in the 
unsaturated surface layers of the soil (Groeneveld and Crowley, 1988).

In the valleys of Nevada and eastern California, rabbitbrush communities have been reported 
occurring on sites with DTW ranging from 0.5 to 14.6 m.  In Big Smokey Valley Nevada, they were 
reported on sites with 0.6-4.3 m DTW, but cover decreased when DTW was less than 2.4 m (Meinzer, 
1927).  In Steptoe Valley, Nevada the range in DTW was 2.4-3.4 m (Meinzer, 1927) and in Ruby 
Valley, Nevada rabbitbrush is dominant on sites with DTW of 0.9-1.6 m and co-dominant with big 
sagebrush on sites with DTW of 3.8-4.1 m (Miller et al., 1982).  The subspecies consimilis occurs on 
sites in Grass Valley, Nevada where DTW is as shallow as 0.5-1.0 m (Young et al., 1986).  In the 
Owens Valley, California, rabbitbrush communities are common where DTW is 1-4 m (Lee, 1912; 
Sorenson et al., 1991; McLendon et al., 2008) and rabbitbrush is dominant near Mono Lake, 
California on sites with DTW of 3.6-6.0 m (Toft, 1995).

Rabbitbrush cover on sites where DTW is within the rooting zone is at its maximum when DTW is 
about 3-4 m (Sorenson et al., 1991; McLendon et al., 2008) and cover decreases as DTW decreases 
(becomes shallower) from 2.5 m (Meinzer, 1927; Grosz, 1972; Mata-Gonzalez et al., in press).  A 
decline in rabbitbrush cover also occurs with ssp. consimilis at DTW less than about 1.5 m 
(Groeneveld and Or, 1994) and rabbitbrush (ssp. consimilis) is replaced as the site dominant when 
DTW decreases to about 1.2 m (Groeneveld and Or, 1994; Goedhart and Pataki, 2010).  Rabbitbrush 
cover begins to decrease at a DTW of about 4-5 m (Charles et al., 1987; Sorenson et al., 1991; 
McLendon et al., 2008) (Table 3-3).      

Rabbitbrush utilizes groundwater at depths down to about 6 m (McLendon et al., 2008; Goedhart and 
Pataki, 2010).  It makes maximum use of groundwater when DTW is 3-5 m (Steinwand et al., 2006; 
McLendon et al., 2008) and groundwater use at 6.0-6.5 m is only about 25 percent as much as at 
DTW of 4-5 m (McLendon et al., 2008).  Groundwater usage increases as DTW decreases above 
2.5 m but productivity decreases (Grosz, 1972), indicating that rabbitbrush is negatively affected by 
high water tables.

3.3.2.2 Soil Texture and Soil Salinity

The response of rabbitbrush to change in DTW is affected by soil texture.  It is stressed more on 
sandy-textured soils than on fine-textured soils as DTW increases, as long as soil moisture remains 

Table 3-3
Estimated Change in Plant Cover (%) in a 

Typical Rabbitbrush Communities in Spring Valley, Nevada 
in Relation to Increase in DTW in Years of Average Precipitation

Mean DTW (m)

1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0

20 25 30 40 45 60 40 30 25 22 20 20 20 18 17 16 15
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from 32-87 percent among the 16 belt transects and from 21-54 percent among the 15 belt transects 
on the dry sites.  These data indicate that the highest extreme cover values were on the wet sites and 
the lowest extreme values were on the dry sites, but that there was substantial overlap between the 
wet and dry sites.  Ten of the 16 (63%) wet-site transects had juniper coverage within the range of 
coverage on the dry sites and 12 of the 15 (80%) dry-site transects had values within the range of 
coverage on the wet sites.   

3.4.2 Effect of Change in DTW on Rocky Mountain Juniper

In the absence of DTW measurements, species composition of the understory vegetation provides a 
useful estimate of relative DTW.  The understory vegetation at the 31 juniper sample locations varied 
from that typical of wetlands in Spring Valley to that typical of dry uplands (Table 3-4).  Standing 
water was at the surface at numerous locations adjacent to the wetland juniper site and this location 
had average juniper cover of 87 percent.  The surface soils at the wet meadow juniper sites were 
moist, but standing water was not common.  DTW was probably 0.5-1.0 m on average at these 8 sites 
and average juniper cover was 56 percent.  Surface soils were dry at the dry meadow juniper sites and 
the understory species composition would suggest that average DTW might be 2-4 m at these 11 sites 
and average juniper cover was 45 percent.  Typical DTW at sites supporting rabbitbrush-sacaton 
shrub meadow communities, with some creeping wildrye and saltgrass, in central Nevada and eastern 
California is about 3-5 m.  Average juniper cover on these 10 sites was 41.0 percent.  Typical DTW at 
sites supporting big sagebrush-greasewood communities in the Great Basin is 5-10 m, or more.  The 
average juniper cover at this site was 35 percent.    

These estimates of the relationship between DTW and juniper cover provide reasonable 
approximations to expected changes in cover of Rocky Mountain juniper as DTW increases.  At very 
shallow DTW (less than 1.0 m), juniper cover will likely be 60-90 percent.  At 2-5 m DTW, cover 
would likely decrease to 40-50 percent.  Juniper roots can extend as much as 8-10 m deep (one-
seeded juniper trees in New Mexico are known to root to greater than 20 m; Tierney and Foxx, 1987), 
therefore juniper cover at these DTW should remain at about 40 percent.  At DTW greater than 10 m, 
the trees might become decoupled from groundwater and cover would stabilize at about 
30-40 percent.

Table 3-4
Understory Vegetation at the Rocky Mountain Juniper (JUSC)

Sample Locations, Spring Valley, Nevada, 2009

Vegetation
Type

Numbers of 
Sites

Mean Cover of JUSC
(%) Major Understory Species

Wetland 1 86.7 Field clustered sedge-redtop-Woods rose

Wet Meadow 8 55.6 Creeping wildrye-alkali cordgrass-alkaligrass

Dry Meadow 11 44.6 Sacaton-alkaligrass-rabbitbrush

Rabbitbrush 10 41.0 Rabbitbrush-sacaton-big sagebrush

Sagebrush 1 34.6 Big sagebrush-greasewood-sacaton
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4.0 SUMMARY OF POTENTIAL SUCCESSIONAL PATTERNS

The patterns and rates of vegetation change will depend on a number of factors.  Factors of key 
importance include (1) initial species composition, (2) rate of groundwater decline, and (3) amount of 
precipitation received during the transition period.  Additional factors that will affect vegetation 
change include (1) level of livestock grazing, (2) irrigation practices, (3) possible climate change, and 
(4) frequency and intensity of disturbance factors such as fire.

Plant communities are dynamic over time (Clapham, 1973, p. 123; Veblen, 1992).  Their species 
composition and productivity vary in response to fluctuations and changes in the environmental 
factors affecting the community.  These community changes include both fluctuations 
(nonsuccessional) and directional (successional) change (Smith, 1992, p. 330).  Fluctuations around a 
long-term average occur because of seasonal, annual, and decadal fluctuations in the levels of the 
various environmental factors.  In dry years for example, productivity decreases and the relative 
importance of more xeric species within the community increases.  In wet years, productivity 
increases as does the relative importance of more mesic species.  Directional change in the 
community occurs when either (1) the long-term average level of one or more environmental factor 
affecting community composition shifts or (2) a major disturbance occurs that substantially alters the 
composition of the community.  In both cases, the ecosystem readjusts to the altered conditions 
through the process of succession.  

Succession is the ecological process of vegetation change over time (Billings, 1970) resulting from 
various species being replaced by other species as ecological conditions at the site change over time 
(Odum, 1971, p. 251).  Primary succession occurs when the substrate has not been significantly 
affected previously by plants.  An example would be a landslide that removed the plant community 
and supporting soil from a slope, exposing bedrock or rock debris.  Secondary succession occurs 
when the disturbance is of sufficient magnitude to change the plant community but the soil remains. 
In some cases the disturbance factor can eliminate the existing plant community entirely.  Examples 
include cultivation and very hot fires.  In other cases, the disturbance alters the composition and 
structure of the plant community, but some species remain.  Examples of this include sustained 
over-grazing, severe and long-term drought, and relatively cool fires.

Two major factors causing succession are competitive displacement and stress tolerance (McLendon 
and Redente, 1992, 1994; Smith, 1992, p. 323).  No ecosystems exist that have all environmental 
factors at optimum levels at all times for all species present.  One or more required resources 
(e.g., nutrients, water, sunlight, temperature, space) or stressors (e.g., fire, grazing, disease) are 
always suboptimal for each species.  However, they are not equally suboptimal for all species nor are 
all species equally able to tolerate the conditions that exist at the site.  As the levels of each of the 
resources and stressors change, there are corresponding changes in ability of each species to tolerate, 
or to thrive under, those conditions.  These changes affect the ability of each species to secure its 
necessary resources relative to its associated species (McLendon and Redente, 1991, 1994; Smith 
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1992, p. 324).  As one species becomes more successful in acquiring the limited resources under the 
changing conditions, it begins to replace less successful species.  This is competitive displacement.

If the resource and stressor levels fluctuate within the limits associated with the dominant species of 
that community, the community will remain relatively stable.  However, if one or more important 
resource or stressor level increases or decreases beyond these limits, competitive advantage will shift 
to other species and changes in species composition and productivity will occur.  If these changes are 
relatively short-term and not extreme in their magnitude, the previous community is likely to 
re-establish itself in a fairly short period of time.  This often happens during a drought sequence or 
following release from short-term overgrazing.  Conversely, if the changes are long-term or extreme 
(e.g., climate change, re-occurring fire, sustained overgrazing), the composition of the community 
will change for an extended period of time, with those species better adapted to the changed 
conditions replacing those which are less adapted.

Lowering of the water table resulting from groundwater withdrawal is an example of a change in 
resource availability with an associated increase in ecological stress.  Species adapted to conditions of 
higher available water will be replaced over time by species adapted to conditions of lower available 
water.  Both aspects, changes in resource availability and ecological stress, are important in 
explaining the change in species composition as DTW increases.  A general characteristic of 
succession is that aboveground structure increases as succession progresses (Odum, 1971, p. 252; 
Whittaker, 1975, p. 178; Smith, 1992, p. 324).  Typical secondary succession in mesic regions passes 
consecutively through the following seral stages: annuals, short-lived herbaceous perennials, 
perennial grasses, shrubs, mid-seral trees, and late-seral trees (Odum, 1971, p. 261; Whittaker, 1975; 
Smith, 1992, p. 325).  In most arid and semiarid regions, the lack of sufficient soil moisture prevents 
succession from progressing to the tree stages.  Instead, the shrub stage is often the last stage of most 
successions.  On wet sites in arid regions, such as the wetlands and meadows in Spring Valley, the 
saturated surface or near-surface soils prevents most shrubs from dominating the sites (Naumburg 
et al., 2005) and therefore succession stops with grass or other herbaceous wetland species being 
dominant.  The most frequent dominant shrub species in Spring Valley (greasewood, rabbitbrush, and 
big sagebrush) do not tolerate high water tables (Shantz and Piemeisel, 1940; Ganskopp, 1986; 
Sorenson et al., 1991; Groeneveld and Or, 1994; Nichols, 1994; Goedhart and Pataki, 2010). 
Therefore if DTW increased, the resource (water) would become less available to the wetland and 
grass species and they would undergo greater stress while the shrubs would now be able to tolerate 
conditions at these sites.  Succession would then proceed to the shrub stage (Figure 4-1).    

Note:  A = grass meadow, B = grass-shrub meadow, C = shrubland

Figure 4-1
Successional Changes on Meadow (Grassland) Sites as DTW Increases
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transition rate of sacaton to rabbitbrush, depends on the growth and colonizing rate of rabbitbrush. 
Likewise, the rate of the transition to big sagebrush is determined by the growth rate of big sagebrush. 

For simplicity, the fourth community in Figure 4-3 is defined as a rabbitbrush-sacaton community. 
More likely, sacaton would be the major perennial grass during the initial phase of this community 
but could be replaced by other perennial grasses over time.  Rabbitbrush is the most likely shrub to 
initially dominate these dry meadow sites as they shift to grass-shrublands and then shrublands 
because of its ability to rapidly colonize sites.  However, if the soil texture at the site is clay-loam or 
finer, greasewood could become the dominant species.  If that were the case, vegetation dynamics 
could then follow the pattern presented in Section 4.4.

4.4 Greasewood Shrubland

Greasewood shrublands tend to occur on sites with some combination of at least two of three factors: 
(1) moderately high groundwater (1-4 m), (2) fine-textured surface soils (loams to clays), and 
(3) moderately saline surface soils.  Greasewood does occur on some sites with only one of these 
three factors but greasewood-dominated sites generally are characterized by at least two of the three.  

Greasewood cover is generally highest when DTW is 1-3 m (Miller et al., 1982; Young et al., 1986) 
but vigorous stands occur on some sites with DTW as deep as 10 m (Meinzer, 1927; Charles et al., 
1987; Chimner and Cooper, 2004).  Greasewood cover decreases as DTW decreases above about 1 m 
(Shantz and Piemeisel, 1940; Sorenson et al., 1991; Nichols, 1994) and as DTW increases below 
4-6 m.

In Spring Valley, greasewood does occur in near-monoculture stands but these sites are infrequent. 
Only 18 of the 608 polygons mapped as greasewood-dominated sites were monocultures or near 
monocultures (McLendon et al., 2011).  The most frequent greasewood associations were 
greasewood-saltgrass (341 polygons), greasewood-sacaton (51 polygons), and greasewood- 
rabbitbrush (137 polygons).  Of these three associations, greasewood-saltgrass generally occurs on 
sites with the shallowest groundwater and greasewood-rabbitbrush the deepest (Figure 4-4).    

If DTW increases from 1-2 m initially to about 3 m, the primary result would be a shift in understory 
vegetation from saltgrass to sacaton.  Greasewood cover would remain at about the same level or 

Figure 4-3
Conceptual Diagram of a Transition from Saltgrass-Sacaton 

Dry Meadow to Shrubland Resulting from an Increase in DTW Over Time
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increase slightly and rabbitbrush would begin to increase (Figure 4-4).  Between about 3-6 m, sacaton 
would remain abundant, greasewood cover would gradually decrease to about 20 percent in average 
years, and rabbitbrush would increase to about 50 percent at about 4 m DTW and then gradually 
decrease to 20-25 percent.  At 6 m DTW, these sites would remain grass-shrublands, with sacaton as 
the major grass species and a rabbitbrush-greasewood complex as the shrub component.

Should DTW continue to increase below 6 m, greasewood would gradually be replaced by 
rabbitbrush, followed by big sagebrush (Figure 4-3).  Below 6-8 m DTW, vegetation changes on most 
of these sites would likely follow the same pathway as the later stages of the dry meadow sequence 
(Figure 4-3).  On sites with particularly high clay content, rabbitbrush might remain the dominant 
shrub when DTW increases below 8-10 m rather than being replaced by big sagebrush, although big 
sagebrush commonly occurs with greasewood in Spring Valley.  Of the 153 polygons mapped as big 
sagebrush associations, big sagebrush-greasewood was the second-most frequent (38 polygons), 
second only to the big sagebrush-rabbitbrush association (56 polygons).  This suggests that big 
sagebrush would likely eventually dominate many of the current greasewood sites should DTW 
increase sufficiently.

Soil salinity can affect the dynamics between greasewood and rabbitbrush, but greasewood- 
dominated sites in Spring Valley do not appear to have salinity levels that high, based on associated 
species.  On some sites in the Great Basin Region, greasewood dominates sites higher in salinity than 
adjacent sites dominated by rabbitbrush (e.g., Mono Lake, California; Toft and Elliott-Fisk, 2002) but 
at other locales (e.g., Ruby Valley, Nevada, Big Smokey Valley, Nevada, Owens Valley, California), 
soil salinity values on sites supporting rabbitbrush are about the same or higher than those supporting 
greasewood (Meinzer, 1927; Miller et al., 1982; Branson et al., 1988; Sorenson et al., 1991).  If some 
greasewood sites in Spring Valley have particularly high salinity levels, the current cover of 
greasewood is likely lower than on greasewood sites with more moderate salinity (Sorenson et al., 
1991).  Rabbitbrush would still likely replace greasewood over time if DTW increased, with the cover 
of rabbitbrush somewhat less than on less-saline sites.  These higher saline sites might eventually 
develop saltbush-dominated communities, e.g., Atriplex torreyi, A. canescens, (McLendon et al., 
submitted), although saltbushes are not as abundant in Spring Valley as they are in other valleys in the 
Great Basin.  

Figure 4-4
Conceptual Diagram of a Transition from Greasewood-Saltgrass Community to Big 

Sagebrush-Rabbitbrush Communities Resulting from an Increase in DTW
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saline minerals at the surface and within sediment between 
the surface and ground water table (the capillary fringe 
zone). Wet playas may thus be closely related to saline 
lakes, representing conditions that span alternating states of 
lake expansion and drying to long-term desiccation. 
Surfaces of wet playas are commonly dynamic, changing 
over very short time spans (on the order of weeks to 
months) between soft and hard, having relatively thick 
(approximately > 5 mm) crusts. When soft and dry in the 
upper few cm, wet-playa surfaces may be vulnerable to 
wind erosion and dust emission (Saint-Amand et al. 1986; 
Gill & Gillette 1991; Cahill et al. 1996; Gill et al. 2002). In 
contrast, dry playas are characterized by greater depths to 
the saturated zone (> 4 m depth) and lack of evaporation of 
ground water at the surface, all of which lead to hard, stable 
surfaces of clastic sediment. Typically, dry playas do not 
produce much dust unless disturbed. 
  

 
 

 

Figure 1–Location map of part of the Mojave Desert, which is 
indicated by the heavy line in the inset map. The map shows 
playas (filled circles), town (filled square), Amargosa Valley 
meteorological station (AVMS, denoted by X), and Ash Meadows 
(+). AD denote Amargosa Desert. 

 

Many studies have characterized natural conditions of wind 

erosion at playas with respect to crust type, crust thickness, 

water content, and wind shear stress. In one set of 

approaches, wind erosion of natural surfaces is measured 

using wind tunnels or eolian sediment collectors with 

monitored meteorological conditions (e.g., Gillette et al. 

1980, 1982, 2001; Reid et al. 1994; Cahill et al. 1996). 

Wind-tunnels and penetrometer tests have also been applied 

to samples collected in the field or prepared in the 

laboratory to simulate natural conditions, including varying 

concentrations of different salts (Nickling & Ecclestone 

1981; Nickling 1984; Rice et al. 1996; Argaman et al. 

2006). 
 

Despite detailed understanding about eolian particle 

movement at playa surfaces, there are still gaps in 

understanding the many factors that promote or retard dust 

emission. This paper builds on previous studies, especially 

at nearby Owens (dry) Lake (Figure 1; Saint-Amand et al. 

1986; Reid et al. 1994; Cahill et al. 1996; Gillette et al. 

2001; Gill et al. 2002) and at FLP (Czarnecki 1990, 1997), 

to address some of the conditions that influence dust 

emission from FLP and their underlying causes.  
 
Earlier work indicated that, at any one time, FLP supports 
many different types of surfaces varying greatly in mineral-
crust properties (Czarnecki 1997; Reynolds et al. 2007). 
Moreover, some areas of the playa change rapidly in these 
properties, at times having high dust-emission potential and 
at other times low potential. Observations from our work 
(Reynolds et al. 2007) suggested important hydrologic 
influences on dust emission, leading to a hypothesis that 
relatively wet conditions, caused by high local or regional 
rainfall, promoted dust emission and that long-term dry 
conditions impeded emission. To test this hypothesis, we 
chose to examine the possible influences of precipitation 
and ground-water-depth levels on the frequency of dust 
emission. Precipitation and perhaps local flooding of the 
playa surface might enhance dust emissivity by providing 
new dust sources, such as clastic flood-sediment, or by 
temporarily removing saline-mineral crusts, thereby 
rendering the surface vulnerable to wind erosion before or 
as mineral crusts begin to re-form. A higher potentiometric 
surface might additionally promote development of wind-
erodible saline-mineral fluff. We also considered variations 
in seasonal wind strength and temperature as factors that 
might influence dust emission (cf. Saint-Amand et al. 1986; 
Reid et al. 1994; Cahill et al. 1996).  

 

SETTING 

 

Franklin Lake playa is centered at 36.252o N, 116.375o W 

in the Mojave Desert of southeastern California (Figure 1). 

The playa covers 14.2 km2 at about 610 m above mean sea 

level (Figure 2). The Mojave Desert receives most of its 

precipitation (50-125 mm annually) from winter frontal 

storms from the Pacific Ocean (Hastings & Turner 1965). 

Nevertheless, the frequency, seasonality, and amount of 

precipitation in the low-elevation parts of the Mojave 

Desert  may  vary  considerably  partly  related  to  ENSO 

(El Nino-Southern Oscillation) states, monsoon strength, as 

well as tracks of winter frontal and tropical low-pressure 

systems.  
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Franklin Lake playa contrasts with some globally 
significant dry-lake dust sources in basin size and in its 
incapacity to accumulate large amounts of flood sediment. 
Nevertheless, FLP provides an example of a dust-producing 
playa where a large proportion of the total dust load is 
composed of evaporite minerals. At FLP, sustained aridity 
impedes dust emission, probably by development of salt-
crusted surfaces that resist wind erosion. Local and regional 
moisture, either through rapid effects of direct rainfall on 
the playa surface or longer-term (months) effects of 
decreasing depth to the ground-water table, seems to 
promote dust emission at almost any time of year by 
creating relatively soft surfaces vulnerable to wind erosion.  
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