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PLANT ECOLOGY OF DEATH VALLEY, CALIFORNIA 

By CHARLES B. HUNT 

ABSTRACT 

Life zones in Death Valley and on the adjoining mountains 
range from Lower Sonoran to Boreal. This report describes 
the composition and environment of stands of Lower Sonoran 
plants on and along the foot of gravel fans rising from the edge 
of the bare saltpan in the interior of Death Valley and below 
sea level, to the top of the gravel fans and base of the adjoining 
mountains, at altitudes of 1,000 to 1,500 feet. 

Death Valley is at the southern edge of the Great Basin and 
is between it and the Mojave Desert. Altitudes range from 
about 280 feet below sea level on the bare saltpan to more than 
11,000 feet on the summits of adjoining mountains. The floor 
of the valley is the warmest and driest part of the United States· 
it receives an average of only 1.65 inches of rain per year: 
Average temperatures in July exceed 1()()°F; minimum winter 
temperatures rarely are low enough to cause freezing. Ground­
surface temperatures in summer reach 190o. 
. Three quite different kinds of soil conditions are represented 
m the valley. In the central part is the saltpan, an area cover­
ing more than 200 square miles where salts are excessive for 
flowering plants. Around the edge of the saltpan is a belt about 
a mile wide where the ground is sandy and where ground water 
is shallow; in general this sandy belt is where the phreato­
phytes grow. Between this sandy ground and the foot of the 
mountains are gravel fans which are the habitat for xerophytes. 

Perennial surface water in Death Valley is restricted to a 
few springs on the gravel fans, to some irrigation ditches, and 
to marshes and a few seeps at the edge of the saltpan. This 
hydrologic regimen and the kinds of plants resulting from it are 
~he pr?duct of. the past 2,000 years; during a pluvial period 
Immediately prwr to the Christian era, Death Valley wa·s the 
~ite of a lake about 30 feet deep. Much more water discharged 
mto Death Valley at that time than now, and the present 
location of the phreatophytes was wholly submerged. 

Nine kinds of phreatophyte plants can be distinguished around 
the ed~e of the saltpan, and these are distributed in an orderly 
~ay with res.pect to the salinity of the ground water. Arranged 
m order of mcreasing tolerance to the salinity of the ground 
water these plants are: 

Least salt-tolerant : 
1. Honey mesquite, 
2. Arrowweed and 3. Four-wing saltbush 
4. Alkali sacaton grass and 5. Tamarisk 
6. Inkweed 
7. Saltgrass 
8. Rush 

Most salt-tolerant : 
9. Pickleweed 

Total dissolved solids in the ground water in these belts 
ranges from a minimum of 0.5 percent or less where there is 

honey mesquite to a maximum of 6 percent where there is pickle­
weed. Although each species can tolerate substantial ranges in 
salinity of ground water, nevertheless the belts are distinct from 
one another. 

In addition to these plants around the edge of the saltpan, 
other less salt-tolerant phreatophytes, characterized by screw­
bean mesquite and desert baccharis, grow at springs on the 
gravel fans. 

Five groups of xerophytic plants are distinguished on the 
gravel fans. On the lower part of the fans, in the north part 
of the area, is a nearly pure stand of dessertholly (AtripZea: 
hymenelytra); at the south end of Death Valley, where the 
lower parts of the fans are sandy, this "holly" is replaced by 
cattle spinach (A trip lea: polycarpa). 

Above these pure stands of desertholly and cattle spinach is 
creosote bush (Larrea tridentata) . On the upper parts of the 
fans, in the north, is burroweed (Franseria dumosa) but south­
ward in Death Valley this is replaced by incienso (EnceUa 
farinosa). 

Also on the gravel fans, especially along washes where the 
supply of vadose water is greatest, are less xerophytic plants 
such as Bebbia junca, Tidestromia oblongifolia, Eriogonum 
inftatum, and Boerhaavia annulata. 

None of the plant stands (communities?) is complex and 
several, for practical purposes, consist of a single species. 
Among the xerophytes these are the cattle spinach and desert­
holly. In the saliferous part of the belt of phreatophytes, the 
pickelweed generally forms pure stands. 

These pure stands include the most xeric of the xerophytes 
and the most salt-tolerant of the phreatophytes. The less xeric 
and less salt-tolerant plants usually form mixed stands which 
as a general rule include the more xeric or more salt-tolerant 
species. 

The altitudinal distribution of the life zones undoubtedly 
reflects the differences in climate at the different altitudes, but 
the distribution of species within a single life zone, such as the 
Lower Sonoran, seems to be due to geological controls, especially 
those affecting the quantity and quality of the water supply. 

The phreatophytes are controlled first by the occurrence of 
shallow ground water, and second by differences in the salinity 
of that ground water. The xerophytes are controlled first by 
the absence of a shallow water table and second by the quantity 
of vadose water in the ground. In Death Valley the occurrence 
of vadose water is dependent on permeability of the ground, 
slope of the ground surface, and extent of the catchment area 
for surface water and for ephemeral ground water. 

Although flowering plants extend to the 6 percent brine line, 
algae extend to about the 8 percent brine line, and fungi extend 
to the 10 or 12 percent brine line. Bacteria capable of growing 
in nutrient broth have been obtained to the 15 percent brine line. 

1 



2 PLANT ECOLOGY OF DEATH VALLEY, CALIFORNIA 

The more concentrated brines probably contain chiefly 
autotrophic bacteria. 

Fungi are most abundant in species and in numbers of spores 
in the zone of xerophytes, that is, on the gravel fans surround­
ing the saltpan. The numbers, both of spores and of species, 
are less in the sandy but salty zone--that is, the zone of phreato­
phytes where ground water is shallow, around the edge of the 
saltpan. Panwa.rd, beyond the limit of flowering plants, the 
numbers are still less. Although the algae extend beyond the 
flowering plants and not as far as the fungi, no systematic 
decrease in population was found across the salinity zones. 

INTRODUCTION 

In 1893 there was published in the "Contributions 
from the U.S. National Herbarium" "a report on the 
botany of the expedition sent out in 1891 by the U.S. 
Department of Agriculture to make a biological survey 
of the region of Death Valley, California." The report 
is by Frederick Vernon Coville (1867-1937), botanist 
of the expedition, and it is one of the classics in scientific 
literature-one that contributed greatly to the founda­
tion for the field of study that later came to be known 
as plant ecology. 

Coville not only reported on the systematic botany 
of the area, but he also considered the problems of why 
individual species of plants are restricted to certain 
kinds of habitats. His approach considered both the 
differences in kind of habitat and the differences in 
kinds of physiological adaptations to. those ha:bitats. 
His report is a statement of principles and of the rea­
sons behind them. 

Coville provided both the basis and the inspiration 
for my attempt to extend his observations. Not being 
a botanist, I consider the problem as a study of habitat. 
But it was feasible to map the plant species in Death 
Valley (pl. 1) because they so faithfully reflect the 
geology. To a degree that may surprise many, the local 
distribution of species in such an arid region corresponds 
to the distribution of the different geological forma­
tions, especially the upper Pleistocene and Recent ones. 

The most useful plants for indicating environment, 
whether of the ground or climate, as Coville pointed 
out (1893, p. 18), are the woody trees and shrubs, be­
cause their root systems and their upper parts are 
retained throughout the year. He pointed out that 
although perennia-l herbs keep their roots, their upper 
parts die back each winter, and the plants therefore do 
not experience the aerial environment of the winter 
season. Annuals record only a single season of growth. 
My study of the flowering plants has been concerned 
only with the woody trees and shrubs. 

Other growth forms represented in the Death Valley 
flora though include aquatic forms, lichens and other 
thallophytic forms, saprophytes, parasites, climbing 
plants, annual herbs, and perennial herbs. Aquatic 

plants seem to be restricted to a single species, ditchgrass 
(Ruppla maritima) in the pools at Badwater. Bac­
teria, algae, and fungi grow even in highly saline ground 
in the flood plains on the saltpan. As brought out in 
the section on distribution of the fungi, algae extend 
to about the 8 percent brine line, fungi to the 10 or 12 
percent brine line, and bacteria capable of growing in 
ordinary nutrient broth to at least the 16 percent brine 
line. Lichens and mosses extend to 'below sea level on 
the shaded north foot of some of the mountains, and 
lichenoid forms are found on the underside of cobbles 
and pebbles forming the desert pavements on the gravel 
fans. A colorful parasite, dodder ( Ouscuta califor­
nica) , grows on shrubs north and east of Cottonball 
Basin. Climbing plants are represented by the desert 
gourds. 

Many persons contributed both ideas and encourage­
ment in connection with this study. Botanists who pro­
vided guidance in the form of criticisms and suggestions, 
both in the field and during the manuscript stage, in­
clude John C. Goodlett, of The Johns Hopkins Uni­
versity; Edwin A. Phillips, of Pomona College; Jean 
Langenheim, then with the University of California; 
and Farrel A. Branson and Helen Cannon, of the U.S. 
Geological Survey. 

Thomas S. Lovering, of the U.S. Geological Survey, 
was in the field with me on several occasions and gave 
valuable encouragement and suggestions, especially in 
connection with the geochemical aspect of the study. 
I had assistance too from several chemists of the U.S. 
Geological Survey: Hu'bert W. Lakin, Frederick N. 
Ward, Albert P. Marranzino, and Howard J. McCarthy, 
in addition to the analysts whose names appear in con­
nection with the tables of chemical analyses. T. W. 
Robinson, of the U.S. Geological Survey, helped in con­
nection with the hydrological aspects of the study. 

Grateful acknowledgment also is made to the staff 
of the Park Service at Death Valley for their many 
favors and cooperation during the field work. 

FIELD AND LABORATORY METHODS 

The plants were mapped in connection with the gen­
eral geologic mapping. The geological formations 
were plotted on one set of air photographs, and the 
plants were plotted on the overlapping set. The bound­
aries were transferred in the field to the topographic 
quadrangle maps by using a desk projector; one map 
was compiled to show the geology and a second was 
compiled to show the plant communities. 

The saltpan was mapped during the winter of 1955-56. 
Most of the saltpan, of course, is without flowering 
plants, but the edges of the saltpan provide the habitat 
for the phreatophytes (fig. 5), and these were mapped 
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in the course of mapping the edges of the saltpan. The 
gravel fans, the habitat of the xerophytes, were mapped 
cluring the winter of 1956-57. 

Most of the data on depth to water table, ·availability 
of vadose water, chemical composition of the waters and 
of the soils, and the physical characteristics of the soils 
and surfaces were obtained in the course of the geo­
logical mapping. In the winter of 1957-58 some ad­
ditional data specifically related to the plants were ob­
tained, such as chemical analyses of plant ashes for 
comparisons with the geochemistry of the habitats, 
plant-density estimates, and observations pertaining to 
plant sequences in different kinds of habitats. Plant­
density estimates were made by crude transect methods 
by making plant counts along paced traverses. Shrubs 
were counted in a belt estimated to be 20 feet wide and 
paced for 200 feet. This count multiplied by 10 gave a 
measure of the density per acre. The method, of course, 
is suitable only in areas like Death Valley where vege­
tation is sparse. The advantage of the method is the 
ease by which large numbers of counts can be made; de­
pendency is on a large number of such estimates rather 
than on a small number of precise counts. 

In March 1958 John R. Stacy, of the U.S. Geological 
Survey, visited the project for a week to gather back­
ground material for illustrating this report. He took 
photographs of the individual plants, of the stands, and 
of the ground conditions to be illustrated and made 
these into a useful and attractive reference volume. 
Selected pictures then were used by him for making 
most of the illustrations that accompany this report. 

The chemical analyses of plant ash, soil salts, and 
ground water given in this report (tables 5-23) are 
semiquantitative and were 1nade in the laboratories of 
the U.S. Geological Survey. The analyses of the plant 
ashes are revealing and useful even though this study 
did not investigate such factors as differences in salt 
content of the roots, stems, and leaves in a species dur­
ing resting season and during growing season, or dif­
ferences in the same species growing on different kinds 
of ground. I use the term "ash" to include all residue 
from combustion. This includes inorganic matter in­
corporated in the plant, any minerals precipitated by 
the plant, as well as incombustible matter that is strictly 
organic. 

Because the chemical analyses of the soil salts were 
made primarily in connection with the geochemical 
study of the saltpan, they represent the acid-soluble 
rather than the water-soluble fraction. This, of course, 
greatly limits their usefulness, but they are supplement­
ed by a large number of determinations of total wat~r­
soluble salts in the soils. These were made by washing 
soil samples with an equal volume of water, evaporating 

the residue, weighing, and reporting results as percent­
ages of soluble salt per volume of liquid extract. A 
large number of analyses of the ground water were 
made in connection with the study of the saltpan, and 
these are given again in this report wherever the analy­
ses could be related to the plants. 

The following description of the analytical methods 
was supplied by H. W. Lakin. 

0 alcium and ~magnesium determination. - In the 
plant-ash and soil-salt samples determination was by 
the Schwarzenbock method, as follows: sample was add­
ed to 1 to 3 hydrochloric acid and the mixture was 
heated. The cool solution was filtered if necessary, then 
diluted with water. The determinations were made by 
a modification of the versene titration of Schwarzen­
bock. Cal red was used as an indicator for calcium and 
EBT for magnesium. The soil-salt determinations were 
by H. M. Nakagawa; plant-ash determinations were by 
H. E. Crowe and C. E. Thompson. In all water samples 
(tables 12, 19, 20, 22) except some from springs in Fur­
nace Creek Wash area (table 24) semiquantitative spec­
trographic methods were used; these determinations 
were by U. Oda. 

Sodium wnd potassium determination.-Sample was 
added to 1 to 1 hydrochloric acid; the mixture was di­
gested on a steam bath and diluted with water. The 
estimation was made with a. flame photometer, using a 
wave length of 594 millimicrons for sodium and 778 
millimicrons for potassium. These determinations were 
by W. A. Bowles. 

Chloride determination.-ln the 1957 ground-water 
analyses chloride was determined by turbidimetric 
method. All other ground-water, soil-salt, and plant­
ash samples were analyzed for chloride by the Mohr 
method, as follows: Sample was added to 5 percent 
nitric acid. The mixture was heated to the boiling 
point, cooled, and diluted with water. The solution was 
then titrated with silver nitrate in the presence of po­
tassium chromate. At the end point the excess silver 
reacts with the chromate to provide a color indicator 
when viewed under yellow light. Chloride determi­
nations on the soil-salt samples were by H. M. Naka­
gawa. Chloride determinations on the 1956 ground­
water samples were by H. E. Crowe; determinations on 
the 1957 samples were by E. F. Cooley. Chloride deter­
minations on plant ash were by H. E. Crowe and C. E. 
Thompson. 

Sulfate determination.-Sample was fused with so­
dium carbonate, sodium chloride, and potassium nitrate 
flux and digested with water. The sulfate was estimated 
by the method of Fritz and Y amamura, in which the 
cations were removed by an ion-exchange column and 
the sulfate determined by titration with barium per-
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chlorate, using thorin as an indicator. Sulfate deter­
minations on soil salts and on the ground water were by 
E. F. Cooley. The determinations made on the soil-salt 
samples include total sulfate, not just the acid-soluble 
fraction. Sulfate determinations on plant ash were 
H. E. Crowe and C. E. Thompson. 

Carbonate determinatiO'n.-Carbonate and bicarbo­
nate were determined only in soil-salt samples. Carbon 
dioxide was liberated from 0.2 gram sample with 6N 
hydrochloric acid and measured in an apparatus for 
the gasometric determination of carbon dioxide similar 
to that described in "Official Methods of Analysis of 
the Association of Official Agricultural Chemists," 7th 
ed., 1950, page 118. These determinations were by C. E. 
Thompson and H. E. Crowe. 

Other constituents, listed on the tables as minor con­
stituents, were determined hy semiquantitative spectro­
graphic methods, and the determinations were by U. 
Oda. A. Tennyson Myers, of the U.S. Geological Sur­
vey, furnished the following description of this method. 

In the semiquantitative spectrographic method 10 mg 
of the sample is mixed with 20 mg of graphite powder 
and then burned in a controlled direct-current arc. The 
spectrum is recorded on film in a 1.5 meter grating 
spectograph. Selected lines on the film are visually 
compared with those of standard spectra by means of 
an enlarging comparator. The standard films are pre­
pared in a similar manner to the sample films, using 
standard mixtures of.materials containing about 33 ele­
ments but resembling the unknowns in gross composi­
tion. The concentrations of these elements were chosen 
so that they increase from 1 to 10,000 ppm (1 percent) 
by a factor of the cube root of 10, or about 1, 2.2, 4.6, 
10 ppm and so on. The standards thus form a series 
having three subdivisions for each order of magnitude. 
According to whether a spectral line of one element in 
the sample matches the intensity of a corresponding 
line of a standard or falls between the intensities of two 
standards, the estimated concentration is reported using 
approximate figures from the series: 1, 1.5, 2, 3, 5, 7, 10 
ppm and so on. 

In addition to the minor constituents reported in the 
soil-salt samples other elements looked for but not 
found-except as noted otherwise on the tables-with 
limits of detection (in ppm) in parentheses are as 
follows: As {1000}, Ag (1), Bi (10}, Cd (50), Co (10), 
Cb (20), In (20}, Mo (10}, Ph (10}, Sb ( 500}, Sc (20}, 
Se (2), Sn (20), and Zn ( 500). 

Whereas the major constituents o:f the soil salts were 
determined on an ~cid-soluble fraction, the minor con­
stituents were determined on the total sample. The 
analyses of the two groups of constituents therefore are 
not directly comparable. 

In the water analyses the boron and strontium were 
determined by semiquantitative spectrographic meth­
ods, U. Oda, analyst. A maximum of 10 ppm of Ba, 
Ti, Mn, and Mo was determined in the water samples. 

Total dissolved solids and pH of the 1956 w81ter sam­
ples were determined in the field by C. B. Hunt; deter­
minations of the 1957 samples were by E. F. Cooley. 

GENERAL ECOLOGICAL SETTING OF DEATH VALLEY 

Death Valley lies at the southwest edge of the Great 
Basin ·adj·acent to the Mojave Desert (fig. 1). It is 75 
miles east of the highest part of the Sierra Nevada, and 
about 125 miles west of the Colorado River. The valley 
is a closed basin, and about 500 square miles of it is be­
low sea level. The central part of the valley is a smooth 
playa, the saltpan, :and is without flowering plants. 
West of the valley is the Panamint Range which cul­
minates in Telescope Peak at an altitude of 11,049 foot. 
Broad alluvial fans slope 4 to 6 miles from the foot 
of the Panamint Range to the edge of the saltpan. 

Along the east ·side of the valley are the Black 
Mountains and Funeral Mountains. Their summits are 
about 6,000 feet. At the foot of the Black Mountains 
the fans are short, but at the foot of the Funeral Moun­
tains the fans 1are as long as those at the foot of the 
Panamints (pl. 1}. 

Upper Sonoran and higher altitude plant zones are 
represented on the mountains above an ·altitude of about 
4,000 feet, but the•plant mapping was extended only 
to the upper ends of the gravel fans, mostly less than 
1,200 feet in altitude. The area mapped is in the Lower 
Sonoran zone (Jepson, 1951, p. 4}, sometimes referred 
to as Southern Desert shrub (Shantz and Zon, 1924, p. 
4-5} ; the belt of phreatophytes (see fig. 5) is classed 
as Salt Desert shrub (Shantz ·and Zon, 1924, p. 24-26) . 

Death Valley is near the north edge of the Lower 
Sonoran zone. The Great Basin, north of Death Val­
ley, is mostly higher than 4,000 feet, and its vegetation, 
as described by Shreve and Wiggins (1951J p. 24), 

* * * is dominated by a small number of species of low shrubs, 
most of which are either wholly or partly deciduous. It is al­
most devoid of trees and also of shrubs with large evergreen 
leaves, and is poor in succulents and semisucculents. 

As in Death Valley, ;the stands of vegetation are very 
simple in composition or have as much as 95 percent of 
their stand made up of a single species, chiefly A triplex 
confertifolia, Artemisia tridentata, A. nova, Ohryso­
thamnus puberu7Jus, and Eurotia lanata (Shreve and 
Wiggins, 1951, p. 24). 

In the Mojave Desert, on the other hand, again quot­
ing Shreve and Wiggins (1951, p. 24), 

The . . . vegetation . . . is a very open stand of Larrea tri­
dentata and Franseria dumosa. On the western edge these 
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FIGURE 1.-Relation of Death Valley to the 
southern Great Basin, northern Mojave 
Desert, and Sierra Nevada 
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plants are joined, and to some extent replaced, by Artemisia, 
Ohryothamnus, Grayia, Tetrady'Yfl.li.a, H apZopappus, and other 
suffrutescent perennials, and at higher elevations on the north 
doZeogyne ramosissima and Grayia spinosa are dominant. The 
only plants which rise above the low and open shrubbery are 
Yucca schidigera and Y. bre'VifoUa, both of which are limited 
to the higher marginal elevations. Most of the Mojave Desert 
is very poor in succulents, and only on coarse detrital slopes 
along the southern and western edges will Opuntia ech.inocarpa, 
0. basiliaris, and Ferocactus acanthodes be found in great 
enough abundance to affect the aspect of the vegetation. 

The Sonoran Desert southeast of the Mojave, accord­
ing to Shreve and Wiggins (1951, p. 25), has a greater 
number and variety of life forms and more diverse plant 
communities than does the Great Basin or Mojave Desert 
or the Chihuahuan Desert east of the continental divide. 
The Sonoran Desert has, for example, a high percentage 
of trees which are favored as much by the biseasonal 
occurrence of rain as by its amount ('8hreve and Wig­
gins, 1951, p. 26). The Mojave and Great Basin 
Deserts, including Death Valley, are dry except during 
the winter, and the only arboreal form growing here 
is Yucca brevifolia; even this is lacking in the area 
shown on plate 1. In this part of Death Valley the 
principal plants are those that characterize the Mojave 
Desert. Xerophytes grow on the gravel fans and 
phreatophytes grow along the foot of the fans at the 
edge of the saltpan (fig. 5). 

The general situation of Death Valley with respect 
to the rest of the Lower Sonoran zone can perhaps be 
judged by the genE-ral range of the creosotebush ( Lar­
rea tridentata) , the characteristic shrub of the Lower 
Sonoran zone. According to Shreve ( 1940) creosote­
bush ranges from below sea level where the annual rain­
fall is about 1.65 inches (in Death Valley) , to 8,600 
feet on the Picacho de las Bocas, in Zacatecas, where 
the rainfall is about 20 inches. Its upper limit in Death 
Valley (average, a. bout 4,000 feet) coincides a pproxi­
mately with the lower limit of snow. The northern 
limit and presumably the upper altitudinal limit of the 
creosotebush almost coincides with the isoclimatic line 
for a maximum of 6 consecutive days of freezing tem­
perature. The shrub is absent on the Colorado Pla­
teau and in all except the southernmost part of the 
Great Basin; in these areas the rainfall is comparable 
to that in the Lower Sonoran zone1 but temperatures 
average very much lower. 

CLIMATE 

Death Valley is the warmest and driest part of the 
United States. In the part of the valley where the 
vegetation has been rna pped (pl. 1) summers are very 
hot, with air temperatures as high as 134°F. Wip.ters 
are mild. On the high parts of the gravel fans frost 
may occur a few times each year, but at lower altitudes 

freezing temperatures are rare; even in the coldest 
month (January) the average minimum temperature is 
only 37°F, and temperatures as high as 8•5°F have been 
recorded. Average temperature in July is more than 
100°F (U.S. Weather Bureau, 1932, 1935). Death Val­
ley plants must be adapted to withstand very high tem­
peratures. 

As a factor affecting distribution of plants, tempera­
ture of the soil is as important as the temperature of the 
air. To obtain an estimate of the order of magnitude of 
ground temperatures, maximum recording thermom­
eters were set at various places on the gravel fans and 
at the edge of the saltpan. The results obtained in 
1957 are given in table 1. The observations were re­
peated during the summer of H)58 but on different kinds 
of ground. Temperature ranges comparable to. those 
observed in 1957 were found, but a higher maximum, 
190°F was obtained on the surface of massive gypsum 
at Tul~ Spring. The thermometers were laid horizon­
tally and empressed into the surface to a depth equal to 
the thickness of the thermometers. They were then 
covered with a layer of fine sediment approximately 0.1 
millimeter thick. 

TABLE 1.-Maa:imum groumL tmnperatures on some different 
kinds of ground, April to NCYVember 195"1 

Range ot 
maarimum 

temperature 
Description of locality (oF') 

1. On north slope on gravel ridge above National Park 
Service residential area ; altitude 325 feet above 
sea level· ground bare __________________________ 110-164 

2. Flat ground in saliferous sandy silt in saltgrass a.t 
mouth of Cow Creek; altitude 250 ft below sea 
level ------------------------------------------ 144-180 

3. Flat ground in smooth sandy silt about 500 ft west of 
the mouth of Cow Creek ; altitude 260 ft below sea level; ground bare ______________________________ 126-174 

The lower ground temperature at locality 1 may be 
due primarily to higher altitude or to a difference in 
ground te.xture or exposure. Minor differences in 
ground texture and exposure can greatly affect ~he 
microclimate, as is illustrated by the fact that locality 
2 was consistently hotter than locality 3. At locality 
3 the thermometer was on bare open ground; at locality 
2 the thermometer was placed on open ground 3 inches ' . south of a clump of saltgrass ( Distiehlis stricta). Evi-
dently the saltgrass reflected much heat, as brought out 
onfigure2. 

One thermometer was maintained at locality 2, a 
second was placed on ground with similar texture but 
in the open and about a foot from the saltgrass, and a 
third thermometer was placed in the shade behind the 
saltgrass. The differences in temperature between the 
position with, and the position without, reflection is 
about the same order of magnitude as the difference ob­
served between localities 2 and 3. 
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Ground position 
without reflection 
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Time and date r---------------------12inches----------------+-------

!.November 22, 8 AM 83°F •••••• o •••• o o o o o. o o. o o. o o •••••••• o o •• o o o o o. o •••• o.. 97°F. o o o. o o ••••••••••••• 70°F 

2.November 22, 5 PM 90°F •••••••••••••••••••• o •• o o •••••••• o o •• o o o •• o. o o o •••• 105°F. o o o o o o. o. o o o •••• o •• 68°F 

3.November 23, 7:30AM 50°F o o o ••• o •• o o. o. o •••• o o •••••••• o •• o •• o o o o o........... 50°F ••• o o •••••••• o •• o o o. 50°F 

4.November 24, 7:30AM 80°F •• o ••••••••••••••• o o o •• o o o o. o ••••••• o •••••••••••••• 99°F. o ••••• o •••••••••••• 62°F 

FIGURE 2.-Ground temperatures around a clump of saltgrass. Readings were made November 1957. 

But despite the very high ground-surface temper­
atures, the temperature gradient in the upper layers 
of the ground is steep, and temperatures equal to the 
seasonal average are encountered at shallow depths. 
The gradient is steepest in phreatophytic environments 
where the capillary fringe is near the surface; there, 
temperatures equal to the seasonal average may be en­
countered in a few inches. Table 2 illustrates some 
random measurements of temperatures at various depths 
in different kinds of ground. 

These data are consistent with the results obtained 
at Tuscon, Ariz., by Sinclair (1922) who measured the 
daily and annual temperature range at different depths. 

TABLE 2.-Some differences in temperature during 1956, at vari­
ous deptns in different kinds of ground 

Temperature (°F) 

Date and time Kind of ground Air Subsurface 
at 3 Sur-
ft face 

alti- OF Depth 
tude (in.) 

1 Noon, Jan. 11 ______ Sandy ground in stand of ------ 73 70 3 
mesquite (Proaopia juli- 68 6 
(lora). 54 9 

2 Noon, Feb. 23 _____ Silty sand in stand of pick- 82 98 63 12 
Ieweed (Allenrolfea occi-
dentalia). 

3 10 a.m., Feb. Z7 ____ Damp sandy ground in salt- ------ 84 60 10 

4 1 p.m., Feb. 28 ____ 
grass (Di8tichlia atricta). 

Damp sandy ground in 77 115 65 6 

Noon, Feb. 29 _____ 
stand of mesquite. 

5 Silty ground in stand of 74 95 68 4 
arrowweed (Pluchea aeri-
cea). 

6 2p.m., Feb. 29 ____ Bare silty ground in chlo- 77 105 70 5 
ride zone. 

7 1 p.m., March L __ Silty ground in stand of 80 100 68 6 
pickleweed. 

8 Noon, March 6 ____ Bare wet silty ground in 77 93 77 2 
flood plains. 

9 2 p.m., March zo __ Bare silty ground in chlo- ------ 122 72 6 
ride zone. 

10 11 a.m., March 2L Saliferous sandy ground in 91 129 73 6 

11 1:30 p.m., March 
salt grass. 

Fine pebble pavement in 95 127 90 4 
21. stand of desertholly (Atri-

12 
plex hymenelytra). 

11 a.m., March 30_ Bare silty ground in flood 86 122 80 5 

13 1 p.m., March 30 __ 
plain. 

Bare silty ground in flood 93 127 77 8 

14 1 p.m., April9 _____ 
plain. 

Sandy ground in stand of 96 140 86 6 
mesquite. 

He found the daily range in temperature of the surface 
layer of soil to be about twice that of the air. He also 
found that at a depth of about 2 feet there was little 
daily change in temperature, but there was a few de­
grees change between winter and summer, and that at 
about 6 feet in depth the temperature was nearly con­
stant throughout the year. 

These data indicate steeper thermal gradients than 
have been found at some other places. T.S. Lovering 
(oral communication), at Tin tic, Utah, found constant 
temperatures through the year at a depth of 15 feet. 
Some measurements in Germany (Geiger, 1957, p. 142-
143) indicate that in sand, loam, and humus there is an 
annual temperature range of 14°C (25°F) at a depth 
of 3 feet. Thermal gradients on the gravel fans in 
Death Valley., where ground water is deep, probably 
approximate the gradient reported by Lovering. 

In general, temperatures decrease with increasing 
altitude. Observations along Furnace Creek indicate 
that in that topographic situation the decrease is about 
5°F for each 1,000 feet of rise in altitude. However, 
the saltpan provides an exception to the general rule, for 
temperatures there commonly are 10°F lower than tem­
peratures on the upper parts of the gravel fans--1,000 
to 1,500 feet higher. The layer of cold air is about 300 
feet thick. It is due partly to cold air draining from 
the mountains, but also to the natural refrigeration 
caused by evaporation of water from the saltpan. This 
layer of cold air extends across the phreatophyte zone 
and across the lower stands of xerophytes on the gravel 
fa.ns. 

Annual precipitation in Death Y.al·ley averages only 
1.65 inches ·at the Weather Bureau stations which are 
about 175 feet below sea level at National Park Service 
Headquarters and at Furnace Creek Ranch. To esti­
mate the precipitation gradient between the valley floor 
and the adjoining mountains, a series of rain gages was 
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set between the valley and Auguerreberry Point in the HEAVY Xl940 
Panamint Range, west of the area shown on plate 1. FLOWERING 

Figure 3 illustrates graphically increased precipitation 
at ~the higher altitude stations. The data suggest th•at 
annual precipitation even in the high part of the Pana- FAIR 

Xl947 mint Range ('above 10,000 feet) is only about 12-15 FLOWERING 

inches. 
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FIGURE 3.-Di:fferences in precipitation at different altitudes be­
tween the floor of Death v~alley and Auguerreberry Point as 
estimated •from nonstandard rain gages 1958--60. 

Winter rains are likely to be general, the result of 
regional storms, and they may last a fffW days. Sum­
mer rains are mostly showers or thunderstorms which 
may develop into cloudbursts. Relative humidity, 
especially in summer, is low-frequently 5-15 percent. 

It has been found (Went and Westergaard, 1949) 
that the degree of development of spring annuals in 
Death Valley is a direct function of the amount of pre­
cipita.tion during the winter season. There is a good 
crop of annuals only when the precipitation is 2 or 3 
times the average (fig. 4). (See also Went, 1949.) 

Winds in Death Valley are not different from the 
winds in the surrounding deserts. Much of the year, 

LITTLE 

FLOWERING 

NO 

FLOWERING 3 

Xl939 

1944 

2 0 

AVERAGE ANNUAL PRECIPITATION IN INCHES 

FIGURE 4.-Relationship between amount of precipitation during 
winter season ( September through February) and degree of 
development of spring annuals in Death VaHey. (Adapted 
from Went and Westergaard, 1949.) 

especially the fall, there are periods of calm when smoke 
rises vertically, but part of the year, especially late in 
winter and in spring, strong winds are frequent and 
may reach gale force (39-46 miles per hour), judging 
by the breaking of twigs on trees 'and ·the difficulty of 
moving against the wind. The principal effect of air 
movement on plant growth in Death Valley probably is 
an increase in rate of eva~poration and transpiration. 

Random tests to show transpiration by various Death 
Valley shrubs, using paper stained with oobalt blue, 
suggest that aH the phreatophytes around the edge of 
the saltpan transpire actively in daytime at tempera­
tures ranging from 50° to 90°F. No tests were made 
at lower or higher temperatures. Desertholly, after a 
prolonged dry period when the leaves were pale green­
ish yellow, gave no indication of transpiration, but after 
a rain, when the leaves were freshened to a yellowish 
green, positive tests were obtained. Also, evidence of 
transpiration was obtained from a desertholly growing 
in a wash ibelow one of the springs, whereas negative 
results were obtained from another desertholly nearby, 
but on the drier bank. At the same location, pygmy 
cedar Peueephyllwm sohotti showed signs of transpira­
tion on the shady side of the plant but not on the sunny 
side. 

SOILS 

Soil conditions in the area shown on pla·te 1 are of 
three very different kinds. In the central part of Death 
Valley is the saltpan, where the salts are excessive for 
flowering plants (fig. 5). Around the edge of the salt­
pan is ·a belt about a mi'le wide where the ground is 
sandy, and in general this corresponds to the belt of 
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FIGURE 5.-Generalized transects acr9SS Death Valley showing distribution of the different kinds of woody plants in Badwater 
Basin (A.) and Cottonball Basin (B). Xerophytes grow on the gravel fans and extend onto the mountains. Phreato­
phytes grow at the foot of the fans, where ground water is shallow. Fresh-water phreatophytes grow only on the 
west side of Badwater Basin and east side of Cottonball Basin, where the gravel fans are long and high. Only salt­
tolerant phreatophytes grow where the saltpan is crowded against the foot of the adjoining mountains, as on the east 
side of Badwater Basin and west side of Cottonball Basin. There are no flowering plants on the saltpan. 

slrallow ground water where the phreatophytes grow. 
Between this sandy ground and the foot of the moun­
tains are the highly permea;ble gravel fans where the 
water table is deep-the habitat for the xerophytes. 
Above the fans are the mountains, hut mapping of the 
vegetation was not extended into those parts of the 
quadrangles. 

The sandy soils in the preatophyte zone contain a 
high percentage of salts which occur as hard layers on 
or just below the surface and as interstitial salts that 
produce a porous honeycomblike structure. The soil 
salts and the salts in the soil water and ground water 
increase panward. Size analyses of such saliferous 
soils are of little significance except to document the 
obvious fact that the clastic sediments become finer pan­
ward, that is, from the belt of mesquite to that of the 
pickleweed. A size analysis of salt-free dune sand in 
the zone of mesquite is given in table 3. The zoning 
of the preatophytes parallels both the zoning of the 
salts and changes in texture of the ground and assuredly 
reflects the differences in quality of the ground water 
available for plant growth. 

In the belt of xerophytes, on the gravel fans, the soils 
are stony and coarse textured (table 3) . In a general 
way the gravels become less coarse and the proportion 
of sand and silt increases down the fans away from the 
mountains. This difference though is not striking and 

can hardly be an important factor in the zoning of the 
xerophytes on the fans because the difference in texture 
of the gravels under the different species of plants is 

TABLE 3.-Size ana1;yses of soils (upper 3 inches anZy) in dif­
ferent plant stands 

[Values given in percent] 

Percent occurrence of particles for indicated 
sieve size (microns) 

<4,000 <1,000 <420 <125 
Plant stand and location >4,000 >1,000 >420 >125 >62 <62 

------------
Very Coarse Fine to Very 

Gravel coarse sand medium fine Silt 
sand sand sand 

Phreatophyte 

Honey mesquite (Prosopisjuliflora), I I I I I I 
dune at mouth of Salt Creek..... <1 15 30 50 5 <I 

Xerophytes on gravel fans 

Cattle spinach (Atriplex polycarpa) 
near mouth of Salt Creek _________ 20 20 

Do ... ---------_------------ ____ 20 20 
Desertholly (Atriplex hymenelytra), 

0.5 mile south of Beatty Junction __ 22 18 
Desertholly, North Side Borax 

Camp_--------------------------- 25 25 
Creosotebush (Larrea tridentata), 1 

mile southeast of Beatty Junction_ 40 23 
Creosotebush, 2 miles southeast of 

Beatty Junction __________________ 35 15 
Creosote bush. 0.75 mile south of 

Salt Springs __ ------ ____ -------- __ 30 25 
Burroweed (Franseria dumosa), 

south side of wash from Echo Canyon __________________________ 25 25 

13 35 
15 40 

12 33 

15 29 

15 15 

9 35 

20 20 

20 20 

10 
5 

10 
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little if any greater than the differences that may be 
found under different individuals of a single species. 

WaJter-soluble salts in the gravels range from about 
0.25 percent (by volume of liquid extract (see p. 3)) 
to about 4.0 percent . The quantity of salt decreases up 
the fans. The highly saliferous areas are bare. The 
maximum salts in the gravels supporting vegetation are 
where there are pure stands of desertholly. At these 
stands the salt content may be as high as 1 percent (by 
volume); where the burroweed and incienso grow, the 
salts are less than 0.25 percent. 

The gravel fans represent three quite different kinds 
of ground. The oldest gravels form elevated surfaces 
that are covered with smooth desert pavement. These 
surfaces have small catchment areas and a high rate of 
runoff, and they generally are bare. Gravels of inter­
mediate age are lower and have a rough stony surface 
that impedes runoff. The catchment areas for these 
surfaces are moderately extensive and r3Jte of runoff is 
slowed; these surfaces almost invariably have stands 
of widely spaced xerophytes. The youngest gravels, 
including those along the present washes, have the 
largest catchment areas and least rate of runoff; these 
areas have the greatest variety and densest growth of 
xerophytes, including the less xeric kinds. The dis­
tribution of the xerophytes evidently reflects the dif­
ferences in the quantity of vadose water in the different 
kinds of ground. 

Attempts to estimate the organic matter in the soils 
were only partly successful, because the presence of 
hygroscopic salts introduced difficulties in drying 
samples properly. A large number of samples, how­
ever, were tested by heating a gram of the soil for 3 
hours at 100°C and then igniting for 1 hour. None of 
the samples from the xerophyte stands lost as much as 1 
percent of weight, and probably some of the loss of 
weight that was observed can be attributed to loss of 
hygroscopic water from salts. 

When similarly tested for organic matter, samples of 
soil from under phreJatophytes lost somewhat more than 
1 percent of their weight. One sample, from near the 
base of an arrowweed plant ( Pluohea serioea) , lost 1.4 
percent weight after drying. This was the maximum 
weight loss observed, but although the soil tested was 
brown, apparently because of organic matter, the sam­
ple also contained about 2 percent of water-soluble salt. 
Probably some of the loss of weight is attributable to 
moisture driven from the salt. 

Whatever the correct values, it is clear that the soils in 
Death Valley have a low content of organic matter. 
Inasmuch as this valley is a closed basin, one wonders 
what has become of the carbon that annually is con­
tributed to the ground by the vegetation, sparse as it is. 

The slight amount of water that falls on the ground or 
runs across it would seem inadequate to leach the or­
ganic matter, but perhaps leaching is facilitated by the 
extreme desiccation and resulting comminution of the 
organic fragments. The carbon may be represented in 
large part by the caliche that cements thick layers of 
gravel. It would be of interest to investigate the carbon 
economy of Death Valley. 

The very striking relationships between the distribu­
tion of the woody plants and the geology led to an at­
tempt to determine if there might be a similar relation­
ship between the geology and the distribution of the 
microflora. The results of that effort, given in the sec­
tion on distribution of fungi, (p. 55) show that the 
microflora does decrease in numbers of individuals and 
numbers of species as the ground salinity increases. 
The micro flora is sparse in ground containing more than 
4 percent of water-soluble salts. It is intermediate in 
the less saline parts of the phreatophyte zone, and 
greatest on the salt-free parts of the gravel fans. 

HYDROLOGY 

Perennial surface water in Death Valley is restricted 
to a few springs on the gravel fans (Nevares, Traver­
tine, and Texas Springs)., to irrigation or w3Jter supply 
ditches at Park Service Headquarters and at Furnace 
Creek Inn and Ranch, and to marshes and a few seeps 
in the phreatophyte zone around the edge of the saltpan. 

Both the Amargosa River, which discharges into the 
south end of Death Valley, and Salt Creek which dis­
charges into the north end of the saltpan, are inter­
mittent streams, although the stretch of Salt Creek 
through the Salt Creek Hills is perennial. 

As a consequence of the scarcity of perennial surface 
water, the only true aquatic plant (hydrophyte) is a 
species of Ruppia which grows in the pools at Bad water. 

Marshes are numerous around the edge of the saltpan, 
and many of them support a growth of plants whose 
lower parts are submerged but which have stems and 
upper parts in the air (helophytes). At most of the 
marshes the water rarely if ever becomes agitated by 
wind, for the water surface is protected by the plants 
or by the hummocks of salts that rise above the water 
surface. At all the marshes the wa;ter is shallow-gen­
erally less than 6 inches deep alt,hough a few small pools 
in Cottonball Marsh are 3 feet deep. Few marshes have 
ponds with sufficiently exposed surfaces for the water to 
become agitated and aerated during windstorms. This 
may contribute to the scarcity of aquatic plants. 

In all the marshes, ponds, and streams the water is 
clear, and light penetrates to the bottom. 

Between the marshes and forming a nearly continuous 
belt around the edge of the saltpan is a sandy zone 
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where the water table is shallow enough to be reached 
by plant roots. Here grow the phreatophytes (fig. 5), 
plants that live on dry ground but whose roots extend 
to the permanent water table (fig. 6). 
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FIGURE 6.-Diagram illustrating occurrence and nom.enclature 
of subsurface water (adapted from Meinzer, 1923, p. 23) avail­
able for plant growth. Phreatophytes have their roots in the 
phreatic water or fringe water; xerophyte roots do not reach 
to the top of the capillary fringe. 

From the edge of the saltpan to the foot of the moun­
tains rise the gravel fans, which is the belt of xerophytes 
(fig. 5). Although the xerophyte roots may be exten­
sive, they do not extend to the water table, which is 
scores or hundreds of feet deep. The only water avail­
able for plant growth is that supplied directly by the 
infrequent rains, by dew, and by vadose water in the 
ground (fig. 6). Possibly some is obtained directly from 
water vapor in the atmosphere or in the ground. The 
dependence of the xerophytes on the uncertain rainfall 
is emphasized by the fact that some of these plants flower 
after warm rains regardless of time of year. 

The recharge of this vadose water in part may be due 
to surface water seeping jnto the ground, but with so 

little rainfall it is doubtful if this is the sole or even 
principal mechanism of recharge, for after all, even if 
the entire 1¥2 or 2 inches of annual rain fell during one 
storm, there would not be enough water to wet the 
ground as deeply as the roots penetrate. Perhaps most 
moisture enters the zone of aeration as vapor, either as 
vapor rising from the water table, or perhaps drawn 
down from the surface (p. 50). 

The availability of water for plant growth on the 
gravel fans is greatly affected by the topographic situa­
tion and by the permeability of the ground. The topo­
graphic situation concerns not only slope but also the 
extent of catchment area from which surface-water run­
off may be collected (fig. 7). On the gravel fans, 
though, there is little difference between north and south 
slopes; in this environment direction of exposure has 
not been an important factor in the distribution of 
perennial xerophytic shrubs. 

Ground permeability affects the rates of infiltration 
or runoff, and inhomogeneities in the ground and on the 
ground surface affect the recharge of vadose water. 
Figure 8 illustrates some examples of this. 

FIGURE 7.-Example of the control of vegetation due primarily 
to the topographic situation. Locality is in the lava hills 
on Artists Drive. Ground permeabilities differ but little be­
tween the wash and hillsides, but the hillsides have an ex­
cessive rate of runoff and are without vegetation. Small 
washes on the hillsides have a sparse growth of shrubs (des­
ertholly at this locality) that are dying, probably because 
the last few years have been dry and the runoff collected in 
the washes has not been sufficient to maintain the stand. The 
stand in the main wash (also desertholly) has been main­
tained, probably because greater runoff is collected there. 

GEOLOGIC HISTORY 

The geologic history of Death Valley that has di­
rectly affected the composition and local distribution 
of the plants can be considered in four main stages. 

The earliest stage we need consider is in late Pleisto­
cene time when Death Valley contained Lake Manly, 
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A 

B 

c 

D 

FrouRE 8.-Four common kinds of inhomogeneous ground con­
ditions affecting occurrence of vadose water and plants on 
gravel fans in Death Valley. A, Hills of Tertiary rocks sur­
rounded by fan gravels are mantled by a shallow layer of 
loose detritus. Runoff is high, partly because of the slope 
and partly because the ground is impermeable. At the foot 
of the hills, detritus collected at the break in slope forms 
permeable ground that receives and holds runoff from the 
hills. A row of shrubs-desertholly in the example--grow in 
this detritus. B, Old gravel fans have caliche layers firmly 
cemented with calcium carbonate or other salts, shown as a 
black pattern. These layers are impermeable and serve to 
perch an ephemeral water table. 0, Old gravel fans are man­
tled by smooth desert pavement, which has a high rate of run­
off. The supply of vadose water in such ground is low. The 
younger gravels lack the smooth pavement and have a low 
rate of runoff and high rate of infiltration. In these gravels 
the vadose water is recharged by runoff from the areas of 
desert pavement as well as by water originating on the young 
gravel surface. The permeable gravels have stands of peren­
nial shrubs; the pavement areas are bare or have stands of 
a different and drier type of shrub than do the young gravels. 
D, Some fans that are mantled by desert pavement have 
shallow depressed areas, a few feet wide and a few inches 
deep, containing a high percentage of fine-grained sediments, 
as in this view on J obnson Canyon fan. These depressions 
are at the lower end of shallow washes. The depressions col-

which had a maximum depth of about 600 feet. We can 
safely assume that all vegetation below that level has 
invaded Death Valley since the lake was there. More­
over, this late Pleistocene lake assuredly was in exist­
ence during one of the cold stages of the Pleistocene 
when high-altitude species extended to lower altitudes 
than they do today. In humid regions pollen studies 
have indicated that the alpine timberline was 1,500-
2,000 feet lower than it is now (see, for example, Deevey 
and Flint, 1957) ; at Gypsum Cave, 150 miles east of 
Death Valley, plant remains in sloth dung have sug­
gested that the vegetation zones there were 3,000 feet 
lower than they are now (LaudeTinilk and l\£unz, 1934). 
We may infer from this that the vegetation around the 
shore of the late Pleistocene lakes was like that now 
growing at altitudes of about 3,000 feet in Death Valley. 
There probably was only a narrow belt of plants of the 
Lower Sonoran zone; the lower edge of the Upper Sono­
ran zone, now about 4,000 feet in altitude, would have 
extended down to an altitude of 1,000 feet, that is, to the 
upper edges of the gravel fans. Higher zones in the 
mountains would be comparably lower. 

The second stage in Death Valley history that is im­
portant to the present plant ecology is the interval of 
time represented by the first half of the Recent, ·a period 
that has been referred to -as the altithermal (Antevs, 
1948). During t~is time Death Valley was drier than 
it is now and perpaps warmer, and the Lower Sonoran 
zone may have ettended upward to ·an altitude of 6,000 
foot. 

Belts of xerophytes ·and phrealtophytes, in a;bout the 
position of those shown on figure 5, presumably devel­
oped during the altitheTinal, and much or most of the 
vegetation comprising those belts may have started 
then too. Probably the lower altitude xerophytes ex­
tended a few hundred feet farther up the fans than they 
do now. 

After the altithermal came an interval when Death 
Valley was more moist, nnd perhaps cooler, than -at 
present. This period I refer to ns the Recent pluvial. 
At one time during the Recent pluvial, Death Valley 
was flooded by ·a shallow lake about 30 feet deep, and 
any phreatophytes that had taken their stand below 
the level of that shallow lake must have been destroyed 
because of flooding by the saline water. As the lake 
dried, this lower ground became reseeded. However, 
after the Recent pluvial the composition of the stands 
of phreatophytes may have changed, because the 
ground became impregnaJted with sodium chloride. 

lect runoff from the pavement areas and, because ·of their 
permeability, hold the water better than the surrounding 
gravels. In the example sketched, the depression has a stand 
of deserttrumpet (Eriogonurn injlaturn). 
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This would favor invasion by the salt-tolerant species 
and would retard invasion by the less salt-tolerant ones. 

During the past 2,000 years the plant species devel­
oped the local distribution patterns they have today. 
The changes in distribution 'are continuing. At 
several places salt tolerant phreatophytes are spread­
ing at the expense of the less tolerant ones, xerophytes 
are spreading at the expense of the phreatophytes and 
on some marginal kinds of ground the xerophytes are 
receding. 

PLANT DISTRIBUTION 

The accompanying map (pl. 1) shows the distribu­
tion of the principal woody plants in Death Valley. 
The botanical names of the plants and the common 
names as used in the following text are given in table 
4. Generalized transects 'across the valley are given 
on figure 5. According to their water supply, the plants 
mapped can be placed in two major groups: xerophytes 
are those dependent on vadose wruter; phreatophytes 
are those dependent on a ·permanent wruter table (fig. 
6) . The xerophytes are of the Lower Sonoran zone; 
they grow on the gravel fans and extend into the moun­
tains. 'l'he phreatophytes, sometimes referred to as the 
Salt Desert shrub (Shantz and Zon, 1924, p. 24-26), 
grow around the edge of the sa1tpan and at springs on 
the fans and in the mountains. The relationships of 
the plants to their environments is such as to lead to 
the conclusion that distribution of the species of xero­
phytes correlates with availability of vadose water, 
and that the distribution of the species of phreato­
phytes correlates with the quality of ground water. 

The boundaries indicated on the map (pl. 1), in most 
places, are surprisingly sharp-locally as sharp as the 
boundary between two geological deposits and clearly 
reflecting geologic factors. The boundary between the 
xerophytes and phretophytes, for example, is where the 
gravel of ·the fans grades into sand at the edge of the 
saltpan. Few xerophytes extend into the belt of phreat­
ophytes although the climate above the ground in the 
two environments is aEke. The xerophytes can sur­
vive the dryness of the gravel fans. Tha·t they cannot 
survive in the phreatophyte zone, where ground water 
is shallow, may be due to the salinity of the soil water 
or simply to drowning of their roots at times of high 
ground water. 

Only a few cacti grow in the part of Death Valley 
represented by plate 1, and most of these are restricted 
to the middle and upper parts of the gravel fans slop­
ing from the Funeral Mountains. Cacti grow on the 
summit of the Panamint Range, as at Arcane Meadows, 
altitude 9,600 feet. 

782-626 0-66-3 

TABLE 4.-Trees and shrubs referred to in text t 

Common name as used in this report 
alkali sac a ton grass ________ _ 
arrowweed ________________ _ 

athel tree (see tamarisk). 
baccharis (see desert bac-

charis). 
beavertail cactus ___________ _ 
bebbia ____________________ _ 
blackbrush ________________ _ 
bulrush ___________________ _ 
burroweed ________________ _ 

cactus (see beavertail, cotton-
top). 

Botanical name 
Sporobolus airoides 
Pluchea sericea 

Opuntia basilaris 
Bebbia juncea 
Coleogyne ramosissima 
Scirpus sp. 
Franseria dumosa 

cattaiL____________________ Typha angustifolia 
cattle spinach ______________ Atriplex polycarpa 
cedar (see pygmy cedar, salt-

cedar). 
cheesebush _________________ Hymenoclea salsola 
cotton top cactus____________ Echinocactus polycephalus 
creosote bush_______________ Larrea- tridentata 
desert baccharis _ _ _ _ _ _ _ _ _ _ _ _ Baccharis sergiloides 
desertholly _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ Atriplex hymenelytra 
deserttrumpet ______________ Eriogonum inflatum 
ditchgrass __________________ Ruppia maritima 
dodder ____________________ Cuscuta californica 
four-wing saltbush__________ Atriplex canescens 
gourd _____________________ Cucurbita palmata 
greasewood _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ Sarcobatus vermiculatus 
honey mesquite _____________ Prosopis juliflora 
honeysweet ________________ Tidestromia oblongifolia 
incienso_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ Encelia farinosa 
inkweed ___________________ Suaeda suffrutescens 
Joshua tree_________________ Yucca brevifolia 
mesquite (see honey mes-

quite). 
palm (see W ashingtonpalm). 
pickleweed_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ Allenrolfea occidentalis 
pygmy cedar_______________ Peucephyllum schotti 
rabbitbrush ________________ Chrysothamnus sp. 
reed grass__________________ Phragmites communis 
rush _______________________ Juncus Cooperi 

sacaton grass (see alkali 
sacaton). 

salicornia_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ Salicornia sp. 
saltbush (see four-wing salt-

bush). 
saltcedar (see tamarisk). 
saltgrass _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ Distichlis stricta 
screwbean mesquite _________ Prosopis pubescens 
sedge ______________________ Carex sp. 
shadscale _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ Atriplex confertifolia 
spurge _____________________ Euphorbia sp. 
stephanomeria ______________ Stephanomeria sp. 
sticky-ring_________________ Boerhaavia annulata 
stingbush __________________ Eucnide urens 
tamarisk (athel tree)________ Tamarix aphylla 
tamarisk (saltcedar) ____ _ _ _ _ _ Tamarix gallica (or pentandra?) 
Washingtonpalm____ _ _ _ _ _ _ _ _ Washingtonia jilifera 
willow _____________________ Salix sp. 

1 For a more complete list of plants in Death Valley, see Putnam (1947, p. 13-66). 
Useful botanical references are by Abrams (1940, 1944, 1951), Jepson (1951), Jaeger 
(1950), and Tidestrom (1925). Coville (1893) gives a list of plants in the region. 
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XEROPHYTES 

On the lower part of the gravel fans, in the nothern 
part of the area, are pure stands of desertholly ; at the 
south end of the valley these are replaced by pure stands 
of cattle spinach. Creosotebush, which extends nearly 
to the base of the fans, commonly has desertholly and 
cattle spinach associated with it. Burroweed grows 
on the upper third of the fans in the north ; incienso 
grows on the upper third of the fans in the southern 
part of the valley. These shrubs on the upper parts 
of the fans are accompanied by creosotebush and, lo­
cally, by desertholly and cattle spinach. Cheesebush 
grows along some washes at the foot of the fans on the 
west side of the valley ; washes higher on the gravel 
fans have mixed growths of several xerophytes. 

The distribution of these plants is shown on the gen­
eral map, plate 1, and on several local maps and tran­
sects (pl. 2, A through I.) . 

Several of the xerophyte stands, for all practical pur­
poses, consist of a single species, and none is complex. 
Desertholly and cattle spinach form pure stands at the 
foot of many of the fans, and above this level there are 
some pure stands of creosotebush. 

The less xeric plants generally form mixed stands. 
Burroweed and incienso, which grow on the upper parts 
of the fans, for example, commonly have creosotebush 
and desertholly growing with them. Other species too 
are more numerous here than at lower levels. Creosote­
bush extends farther down the fans ; generally it is 
mixed only with desertholly or cattle spinach and in 
places forms essentially pure stands. In general, the 

more xeric species extend upward into environments 
of the less xeric species. 

The xerophytes that grow on the gravel fans extend 
into the mountains too, but the mountain habitats are 
notably less dry than the gravel fans, and the composi­
tion of the plant stands is very different. The variety 
of species and density of plant growth in the mountain 
habitats are very much greater than on the drier gravel 
fans, and I leave those areas to the botanists. 

The greater moisture of the mountain environments 
is partly because the rainfall is greater, partly because 
evaporation is less, and partly because the geology there 
favors shallow perched water tables even though they 
be ephemeral. Vadose water is recharged more fre­
quently than on the gravel fans, and underground res­
ervoirs for storing the water, even temporarily, com­
monly are within the depths reached by plant roots. 

DESERTHOLLY (Atriplex hymenelytra) 

The desertholly (Atriplew hymenelytra) forms nearly 
pure stands at the foot of the fans in the north half of 
the valley (pls. 1, 2). Most of these fans contain a 
high percentage of carbonate rocks; all of them are 
highly saliferous. Plant density in these stands ranges 
from about 5 shrubs per acre to a maximum of about 
250 per acre; the average probably is somewhat less 
than 50 per acre (fig. 9). These stands occupy the 
lowest, smoothest, saltiest, and hottest parts of the 
gravel fans. 

Desertholly grows also on the higher parts of the 
gravel fans, even extending to where there is burroweed 

--------------
. -:::::::=====-------==--=--~··-·-~--~-----...1 

FIGURE 9.-Desertholly (insert) and view northwest across a pure stand of desertholly a mile northwest of National Park 
Service Headquarters. Density of shrubs in this view about 50 per acre. The desertholly (h) ends northwestward 
at the edge of the phreatophytes (ph) which in turn end against the bare ground (b) of the saltpan. (See transect, 
pl. 2 0.) Sketch by John R. Stacy, from photograph. 
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and incienso. The boundary between the pure stands 
of desertholly and the lower limit of creosotebush is 
drawn where the plant population includes more than 
one or two creosotebushes per acre. At the lower limit 
of the creosotebush, desertholly commonly outnumbers 
the creosote bush ; this rna pping device of course mini­
mizes the extent of the desertholly. 

The lower boundary of the desertholly is the boun­
dary between the xerophytes and phreatophytes. This 
boundary is sharp, and there is surprisingly little ming­
ling of xerophyte and phreatophyte plants. (See p. 
13.) At many places the boundary is definite within 
the spacing of the shrubs-that is, within 25 to 30 feet. 
Because the gravel of the fans is being washed onto the 
saltpan, this boundary between the xerophytes and 
phreatophytes is advancing panward, and the desert­
holly extends short distances into the phreatophyte zone 
along washes containing gravel. At a few places the 
gravels have advanced panward far enough to isolate 
dunes with mesquite, which now are surrounded by the 
xerophytic desertholly. Best example of this is half a 
mile north of the mouth of Cow Creek, where the fea­
ture is on a scale sufficient to show even on the map 
(pl. 1). 

The only other perennial shrubs that commonly grow 
in the nearly pure stands of desertholly are the honey­
sweet ( Tide8tromia oblongifolia) and a spurge ( Eu­
phorbia 8p.), and these shrubs are abundant only along -

Furnace Creek fan. In such environments desertholly is 
restricted to the washes between the fans where consid­
erable runoff is collected ; the rest of the fans are bare 
(fig. 11). 

The limits to even the desertholly, therefore, become 
exceeded in at least three ways-by excessive salinity 
(fig. 10), by excessive rate of runoff (fig. 11), and by 
prolonged drought (fig. 7). 

Not much is known about the root habits of the desert­
holly. Exposures of the upper parts of the roots (fig. 
12) suggest that in homogeneous gravel the length of 
the tap roots is at least twice the height of the shrub, 
and the length of the laterals is at least twice the diame­
ter of the foliage. Probably the length of the tap roots 
and of the lateral8 i8 many times grea·ter than these 
minimums. 

FIGURE 10.-Where fan gravels contain more than about 2 per· 
the east side of Death Valley north of Bad water. There cent (by volume) of water-soluble salts, they support no vege-
they are mostly along washes and road shoulders. They tation. The gravel bench at the left in this view, about a 
are curiously scarce south of Badwater to Copper Can- quarter of a mile west of the North Side Borax Camp, con-
yon and along the west side of Death Valley. Locally tains more than 4 percent of water-soluble salts and is bare; 
there is sparse inkweed (Su,aeda 8uffrutel5Ce'11.,8) growing younger gravel beside it contains only half a percent of salts 

with the desertholly on the lowest parts of the fans, 
especially where the ground is saline. In a few places 
the inkweed is sufficiently abundant to be shown sep­
arately on plate 1. 

Desertholly is much more extensive on the east side 
of Death Valley than on the west side (pl. 1). South 
of Bad water the gravel in the fans is saline, and north of 
Badwater, the fans are fine grained and have excessive 
runoff; both conditions are highly xeric, more so than 
those on the gravel fans on the west side of the valley. 

But although the desertholly is adapted to highly 
xeric conditions, it is absent and the ground is bare "' 
where the surface layers contain more than about 2 per­
cent (by volume) of water-soluble salts (fig. 10), per­
haps because the ground is not suitable for seedlings or 
perhaps because the soil moisture is too saline. Desert­
holly also is absent where runoff is excessive and the 
supply of vadose water deficient. This 1.s the situation 
where the gravel fans contain a high proportion of fine­
grained sediments, as do the fans immediately south of 

and supports a considerable stand of desertholly (h). 

-
FIGURE 11.-Gravel fans that contain a high percentage of fine­

grained sediments and that have a correspondingly high rate 
of runoff are too dry even for the desertholly. On such 
fans the shrubs grow only along washes where the runoff 
is collected. This example is sketched from a photograph 
looking west along the wash at the north foot of the Desola­
tion Canyon fan. 
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FIGURE 12.-Roots of desertholly exposed in gravel bank near 
Salt Springs. 

Where the ground is not homogeneous, root systems 
are irregular and adapt themselves to the inhomoge­
neities (fig. 39) . In places they are very limited as, for 
example, where gravel has been washed onto the saltpan 
along shallow narrow washes. Desertholly extends 
down these washes into the pan. This gravel contains 
less salt than does the sand on which it rests, and the 
washes collect runoff. Roots of some desertholly in such 
environments were excavated and it was found that their 
roots were confined to the gravel layer and did not ex­
tend into the underlying salty sand (fig. 13). 

The ground that supports stands of desertholly is 
dissected very little. The washes crossing it are no 
more than indistinct anastomosing rills, mostly only 2 
or 3 feet wide and 3 to 6 inches deep. The rills are 
closely spaced and their area is nearly as great as that 
of the ground between them, yet the majority of the 
desertholly plants are located along the edges of the 
washes and little rills. Perhaps desertholly is found in 
these locations because of seed distribution by running 
water rather than because of environmental differences 
affecting plants that have matured. 

At the pure stands of desertholly the water table is 
shallow and within the reach of the plant roots; at 
many places the water table is within 10 feet of the 
surface and the water is not highly saline. (See W7 g, 
table 19; and W19g, table 22.) The desertholly, 
though, extends onto the high parts of the gravel fans, 
where the water table is hundreds of feet deep; the 
plant, the most xeric of the xerophytes, may use the 
sweet ground water where it is available, but it can sur­
vive without it. The phreatophytes cannot. 

distinct layering 

FIGURE 13.-Two root habits of the desertholly. Where the 
plants grow on gravel that is without distinct layering 
(left), the roots spread deeply and widely. Where the 
plants grow in thin layers of salt-free gravel in shall'OW 
washes in salty sand (right), the roots may stay confined 
to the thin salt-free layer. 

Protracted dry periods may cause permanent wilting 
of desertholly in stands that developed during wet 
periods. Figure 7 is an example. At many places 
around Death Valley desertholly has invaded ground 
and developed stands that did not survive the several 
dry years that ended in 19·57. 

As might be expected from the environment of the 
pure stands of desertholly, the plant is high in sodium 
chloride, esp~cially the leaves (table 5). One collection 
of roots (P5, table 5) contained little chloride but much 
calcium. The sodium chloride content is high even 
in the sample from high on the fan below Hell Gate 
(P116, table 5). Also, desertholly contains nearly as 
much ash as does pickleweed, and two to four times as 
much ash as do the other xerophytes that were tested: 
cattle spinach (table 7), creosotebush (table 9), and 
burro weed (table 11). Samples from along the north­
east side of Cottonball Basin (P4, 5, 13, 106, 108, and 
116) contain more zirconium than do the samples from 
other areas. Samples of creosotebush in this area also 
are relatively high in zirconium (table 9). The speci­
men of desertholly collected at Cow Creek fan (P17, 
table 5) is high in molybdenum, as is the ground water 
in that part of the valley. Arrowweed in this area also 
is high in molybdenum (p. 40). 

Ca:vbonate and silica were not determined in the ash. 
Together they must total more than 30 percent; most of 
it probably is carbonate (table 15). 

Table 6 gives some analyses of acid-soluble salts in 
soils around the roots of desertholly. The composition 
of this ground is not significantly different from that. 
around the other xerophytes (compare with tables 8 and 
10) but is much higher in carbonates and lower in sul­
fates and chlorides than the soils around the phreato­
phytes (tables 14, 18, and 23). 
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TABLE 5.-Semiquantitative and partia' analyses, in peroent, of ash from desertholly 

[Analysts and analytical methods given on p. 3-4] 

P4 P5 P13 P17 P20 
------------

Ca ____ --------------------------- 6.9 21 6.2 3.5 8.2 
Mg __ ----------------------------- 2 .96 2.6 1.7 2 
K_-- ----------------------------- 6.5 1.6 7.6 6.4 8.2 
Na __ ----------------------------- 26 1 28 32 24 
S04---- --------------------------- 2.5 3.5 3 2.5 2 CL _______________________________ 25 2.4 16 12 28 
Cu __ ----------------------------- .002 .004 .002 . 002 .001 
Pb ___ ---------------------------- .002 <.002 <.002 <.002 <.002 Zn ________________________________ .002 .005 .002 .002 .002 NL _______________________________ <.002 <.002 <.002 <.002 <.002 Mo _______________________________ <.001 <.001 . 001 .003 <-001 Zr ________________________________ .002 .015 .003 <.001 <.001 Fe ________________________________ .2 1 .05 .15 .15 Mn _______________________________ .03 .1 .1 .01 .01 Cr ________________________________ <.002 .003 <.002 <.002 <.002 
v --------------------------------- <.001 .003 <.001 <.001 <.001 
y---- ---------------------------- . 001 .002 .001 .001 <.001 TL ___________ ----- _______________ .03 .15 .03 .02 .02 
B ____ ----------------------------- .1 .02 .03 .1 .05 
Ba ____ --------------------------- .007 .03 .005 .015 .007 
Sr _ ------------------------------- .2 .5 .5 >I >1 
Total ash _____________ ------------ 31.0 18.0 34.0 33.0 32.0 

P4. Tops; Indian Pass Wash at toe of fan; 200ft east of old road; iu Recent gravel. 
(See R8, table 6.) SWUSEU sec. 17, T. 28 N., R. 1 E. Compare with 
P6, table9. 

P5. Roots of no. 4. Compare with P7, table 9. 
P13. Tops; Echo Mouutian Wash at toe of fan; 150ft east of old road: iu Recent gravel. 

SWUSWU sec. 21, T. 28 N., R. 1 E. . 
P17. Tops; at toe of Cow Creek fan; NWUNWU sec. 4, T. 27 N., R. 1 E. 
P20. Tops: iu wash with pickleweed (see P22, table 9 and P21, table 13); NWU sec. 

20, T. 16 S., R. 46 E. Compare with R14, table 6. 

TABLE 6.-Sem·iqwantitative nnd partial analyses in peroent, 
of acid-soluble salts in soil around the roots of desertholly 

[Analysts and analytical methods given on p. 3-4] 

R8 R14 

Ca ________________________________ _ 
~g _______________________________ _ 
]{ _________________________________ _ 
l'fa ________________________________ _ 
00

3 
_______________________________ _ 

804--------------------------------Cl ________________________________ _ 
B _________________________________ _ 
Ti ________________________________ _ 
v _________________________________ _ 
~n _______________________________ _ 
l'fi ________________________________ _ 
Sr _________________________________ _ 
Ba ________________________________ _ 

Total acid-soluble salts ______________ _ 

3. 5 
.7 
.3 
.6 

4. 6 
1.9 
1.6 

. 01 

.3 

. 003 

. 07 

. 0005 

. 03 

. 05 

13. 7 

10. 
3.5 
.3 
. 1 

20. 
3. 7 
3.3 
. 007 
.1 
. 0035 
. 03 
. 0005 
. 05 
. 03 

41. 2 

R8 At toe of Indian Pass fan, 200ft east of old road; soil around roots of desertholly. 
Compare with cf P4 and P5, table 5. 

R14 West side of Cottonball Basin; desertholly and pickleweed growing on same 
mouud in bottom of a dry wash; soil around their roots; NW1/4 sec. 20, T. 16 S., 
R. 46 E. (See P20, table 5, and P21, 57, table 13.) 

CATTLE SPINACH (Atriplex polycarpa) 

In the southern part of Death Valley and in a small 
area north of Salt Creek, essentially pure stands of cat­
tle spinach (Atriplex polycarpa) grow on the lower 
parts of the gravel fans, a position that in the rest of 
Death Valley is occupied by the desertholly (fig. 14). 
The fans on which the cattle spinach grows are chiefly 
those that are not saline and that are without high per­
centages of carbonate rocks-that is, fans derived from 
Precambrian and Lower Cambrian formations and 
windward from the saltpan. 

P29 P40 P43 P45 
------------

7 5.4 8 8.2 
3.3 1.5 2.1 2 
7.2 6.2 9. 6 6.8 

24 31 23 26 
5 4 4 7 

25 32 28 27 
<.001 .003 .002 .002 
<.002 <.002 <.002 <.002 
<.002 .008 .01 .005 
<.002 <.002 <.002 <.002 

.001 <.001 .001 <.001 
<.001 <.001 <.001 <-001 

.15 .07 .1 .05 

.07 .15 .1 .05 
<.002 <.002 <.002 <.002 
<.001 <.001 <.001 <.001 
<.001 <.001 <.001 <.001 

.02 . 01 .02 .005 

.05 .05 .03 .05 

.005 .003 .007 . 01 

.5 .5 .7 .7 
36.0 35.0 30.0 32.0 

P46 P106 
------

5.9 12 
1.6 2.6 
9 7. 2 

24 20 
6 4.6 

30 11 
.001 .002 

<.002 .0015 
.005 <.02 

<.002 <.0005 
<.001 .0005 
<.001 .003 

.2 ----------

.05 .1 
<.002 .001 
<.001 <.001 
<.001 <.001 

.03 .007 

.05 .1 

.005 .015 

.3 .7 
33.0 31 

P108 
---

9.2 
2.2 
7.0 

22 
5.5 

14 
.0015 
.0015 

<·02 
<.0005 
<-0005 

.003 
----------

.07 

.001 
<.001 
<.001 

.007 

.15 

.005 

.3 
29 

P116 

10 
2.9 

12 
17 
6.4 

10 
.003 
.001 

<.02 
0005 
0005 

.002 
----------

.07 

.001 
<.001 
<.001 

.01 

.02 

.007 

.1 
33 

P29. Tops; by West Side Highway west of Tule Spring. Compare with P30, table 9. 
P40. Tops; at toe of third fan south of Badwater. Compare with P39, table 13. 
P43. Tops; Copper Canyon fan, west side 500 ft east of highway. 
P45. Tops; Mormon Poiut, 500ft from highway. Compare with P44, table 9. 
P46. Tops; Willow Creek fan, 2 miles east-northeast of Mormon Poiut. Compare 

with P47, table 7; P48, table 9. 
P106. Tops, southwest base of the middle butte of the Three Bares. 
P108. Tops. south base of the west butte of the Three Bares, by State Route 190. 
Pll6. On upper part of fan, with burroweed, altitude 2,000 ft; 0.5 mile below Hell's 

Gate. 

Average density of cattle spinach in the pure stands 
is about the same as in the stands of desertholly, prob­
ably about 50 per acre, but the shrubs are larger and 
seem to be spaced more uniformly. 

Cattle spinach, like desertholly, extends up the fans 
into the belt of creosotebush but is absent, or at least un­
common, on the high parts of the fans. However, 
either cattle spinach or a saltbush much like it reappears 
in the lower parts of the mountains. 

The boundary between cattle spinach ,and the lower 
limit of creosotebush is drawn where the number of 
creosotebushes exceeds one or two per acre. The extent 
of the cattle spinach thus is minimized about the same 
way as is the extent of the desertholly. Cattle spinach 
is abundant in the lower part of the belt of creosote­
bush, but as brought out in the transects to Galena 
Canyon and Johnson Canyon (pl. 2, E, F,), it gives way 
upward to desertholly in the higher altitude stands of 
creosotebush. 

The boundary between the cattle spinach -and phre­
atophytes is as sharp as the boundary limirting the 
desertholly. The cattle spinach commonly ends against 
a stand of four-wing saltbush, which is lacking, or at 
least rare, along the edge of the phre31tophyte zone ad­
joining the desertholly. 

The ground in the area;s of cattle spinach is sandier 
and seems to be less salty than that in the areas of 
desertholly. Mounds of sand 1 foot, rarely 2 feet, high 
have accumulated around the shrubs. 

Depth to the water truble in the pure stands of cattle 
spinach is about the same as in the pure stands of 
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FIGURE 14.-Cattle spinach (inset) and view west across a pure stand of cattle spinach (Ap) to creosotebush (c) and bare 
gravel (b) at foot of Johnson Canyon fan. Density of shrubs in foreground is about 200 per acre. (For transect, see 
pl. 2, H.) Sketch by John R . .Stacy, from photogra.ph. 

desertholly, -and the salinity of the ground water is 
about the same. At Gra:vel Well, where the w3iter t31ble 
is 15 feet deep, the water contains only 1,300 parts per 
million of dissolved solids. But while the cattle 
spinach, like the d~ertholly, grows where ground water 
of good quality is availruble, the plant clearly can survive 
without it. 

The ground in the areas of cattle spinach is as smooth 
as thwt in the 'areas of desertho1ly. The washes are 
broader and more widely spaced, but they are only a 
few inches deep. The shrubs are mostly along the 
washes, as is the desertholly, although less strikingly so. 

South of Gravel Well, gravel and sand are being 
washed onto the saltpan, and there the cattle spinach 
is advancing panward into the phreatophyte zone. 
Along the washes, tongues of cattle spina.ch extend 
hundreds of feet into the phreatophyte zone. Some of 
these are extensive enough to show on the general map 
(pl. 1)-for example, a half mile southeast of Shortys 
Well and ·a mile north and a mile south of Bennetts 
Well. 

Chemical ana.lyses of the ash of some samples of cattle 
spinach are given in taJble 7. The total ash is only 
about half as much as in the desertholly and the propor­
tion of sulfate to chloride is more varia:ble,, The propor-

TABLE 1.-Semiquantitative anil partial analyses, in percen'l, 
of ash of cattle spinach 

[Analysts and analytical methods given on p. 3-4] 

p 32 P36 p 37 p 47 p 49 
---------1----------------
Ca __ -------------------------­
Mg_- ------------------------­
K_ ----------------------------
N a _________ -------------------
S04--- ------------------------
CL ___ -------------------------
Cu __ -- ___ ---------------------
Pb_- --------------------------
Zn ______ ----------------------
NL --------------------------­
Mo __ - ------------------------
Zr __________ - _- ---------- _ --- __ 
Fe_---------------------------
Mn _____ ----------------------
Cr ____________ ----- _____ ------
V--- -------------------------­
y-- ---------------------------
TL ________ - ----------- _-------
B_-- --------------------------Ba ________ - --- __ ---- _- ___ - ----
Sr _________ -- _- _______ --- __ ----
Total ash __ -------------------

14.0 
6.1 
9.6 
7.6 
6.0 
7.6 
.003 

<.002 
.005 

<.002 
.001 
.002 

1.0 
.3 
.002 
.001 
.001 
.07 
.03 
.01 
.5 

15.0 

14.0 
3.5 
3.0 

12 
5.0 

15.0 
.004 

<.002 
.002 

<.002 
.001 
.01 

1.5 
.02 
.005 

<.001 
.002 
.15 
.05 
.03 
.7 

17.0 

16.0 
7.4 
7.0 

10 
5.0 
8.0 
.003 
.012 
.005 

<.002 
.001 
.001 
.3 
.3 
.002 

<.001 
.001 
.03 
.02 
.015 
.3 

13.0 

9.6 
6.3 

11. 
14 
2.0 

16.0 
.003 

<.002 
.01 
.002 

<.001 
<.001 

.15 

.2 
<.002 
<.001 

.001 

.02 

.05 

.005 

.5 
11.0 

7.8 
5.5 
5.0 

22 
4.0 

24.0 
.004 

<.002 
.ros 
.OOR 

<.001 
.003 
. 7 
.3 
.002 
.001 
.001 
.05 
.05 
.015 
. 7 

9. 7 

P 32. Tops; 590ft east of West Side Highway, 272 miles south of Bennetts Well. 
Compare with P 33, table 9; P 34, table 15. 

P 36. Roots; in dune sand by West Side Highway, 72 mile north of Tule Springs. 
P 37. Tops at P 36. 
P 47. Tops; Willow Creek fan 2 miles east-northeast of Mormon Point. Compare 

with P 46, table 5; P 48, table 9. 
P 49. Tops; 3 miles southeast of Salt Well, SE~NE~ sec. 20, T. 22 N., R. 2 E. 

Compare with P 50, table 9. 

tion of mngnesium and of manganese is much greater. 
In one pair of samples (P36 and P37) the roots contain 
more sodium chloride than do the tops. Carbonate and 
silica were not determined in these samples. Together 
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they must total, on the average, nearly 50 percent, prob­
HJbly mostly carbonate (table 25). This is a somewhat 
higher proportion than in the desertholly. An analysis 
of acid -soluble salts from around the roots of cattle 
spinach is given in table 8. 

TABLE 8.---Bemiquantitative and partial analysis, in percent, of 
acid-soluble salts in soil arownd roots of cattle spinach 

[Analysts and analytical methods given on p. 3-4] 

Ca _______________ _ 
~g _______________ _ 
}( ________________ _ 
~a _______________ _ 
co3 ______________ _ 
so. ___________ --_-
Cl ________________ _ 
B ________________ _ 

8141 

1.5 
. 5 
.5 
.3 

3.8 
5. 

. 1 

. 005 

8141. Surface layer, reddish, 3 in. thick. 

Ti ________________ _ 
y ________________ _ 
~n _______________ _ 
~i _____ ----- -------Sr ________________ _ 
Ba _______________ _ 

Total soluble salts __ _ 

CREOSOTEBUSH (Larrea tridentata) 

8141 

0. 1 
. 003 
. 05 
. 0005 
. 02 
. 03 

12 

Creosotebush, the characteristic xerophyte in Death 
Valley (fig. 15, pl. 1), extends from near the foot of the 
fans, about 240 feet below sea level, to an altitude of 
about 4,000 feet in the mountains. Creosotebush, ·alone 
or with desertholly and cattle spinach, covers most of 
the lower half or two-thirds of the gravel fans, up to 

about 500 feet above sea level. Above this it is accom­
panied by burroweed ( Franseria dum.osa) or incienso 
(Eneelia fari1Wsa). The map (pl. 1) shows the lower 
limit of -the burroweed and incienso and so emphasizes 
the extent of the upper and less xeric species at the 
expense of the lower and more xeric ones. 

The lower boundary of the creosotebush is drawn 
where the density of the shrub becomes less than 1 or 
2 per acre. Few croosotebushes grow in the more xeric 
environments occupied by the nearly pure stands of 
desertholly and ·cattle spinach. At many places this 
boundary is distinct within a few hundred feet. 

Four floras dominated by creosotebush can be distin­
guished below the belt of burroweed and incienso. At 
the lower edge, where creosotebush adjoins pure stands 
of desertholly, the two shrubs are mixed and commonly 
the desertholly is more albundant than is the creosote­
bush. On gravel fans where creosotebush adjoins pure 
stands of cattle spinach, those two shrubs are mixed, 
but at somewhat higher positions on these fans the 
combination of creosotebush and cattle spinach is re­
placed by a combination of creosot~bush and desert­
holly. A third flora, which commonly is a pure stand 
of creosotebush without other shrubs, extends upward 
on the fans to the lower limit of the burroweed and 

X% 

FIGURE 15.-Creosotebush (inset) and view north along a stand on Recent gravel by West Side Highway at Shortys Well. 
In this view there are about 150 creosotebush (c) and 50 desertholly (h) plants per acre. (For transect, see pl. 2, F.) 
Sketch by John R. Stacy, from photograph. 
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incienso. A fourth flora occurs along the washes and 
consists of creostoebush with or without desertholly and 
cattle spinach but mixed with such varied shrubs as 
deserttrumpet (Eriogonum ·inflatum), stingbush (E'U(J­
nide urens) , sticky-ring ( B oerhaavia annulata) , and 
honeyswoot ( Tidestromia oblongifolia). 

The density of creosotebush ranges from very f~ 
to aJbout 125 plants per acre; the average probably is 
ahout 40. 

The distribution and density of creosotebush on the 
gravel fans correlates directly with the suitability of 
the ground for recharge of vadose water. The stands 
are most dense where the surface 11ayers favor seepage 
into the ground and where there is a catchment area to 
augment the supply of surface water discharging onto 
that ground. Such environments are provided by the 
Recent gravel. Less dense stands extend across upper 
Pleistocene gravels which have an infiltration rate in­
termediate between that of the older and younger 
gravels. At only a few places does creosotebush extend 
onto the older gravel deposits that have smooth desert 
pavement, for these pavement areas have a very high 
rate of runoff and low rate of infiltration. Even after 
protracted rains the ground on the desert pavement is 
wet only to a depth of an inch or two. Too, these bare 
pavement areas are without annuals except in unusually 
wet years. 

Healthy stands of creosotebush grow on the fans 
tributary to Cottonball Basin, but southward along the 
east side of Death Valley, from the middle of the Cow 
Creek fan to the south side of the Copper Canyon fan, 
there is no creosotebush except for a small number along 
the irrigation ditch at Furnace Creek Ranch and a half 
dozen scattered individuals on the fans south of Bad­
water. The south limit of the creosotebush on the Cow 
Creek fan is a sharp line, as is the north limit on the 
Copper Canyon fan. The absence of creosote bush along 
this east side of Death Valley probably is due to the 
high rate of runoff on the fans of fine-grained sediments 
north of Badwater and to the high salinity of the fan 
gravels south of Badwater. These situations are mar­
ginal even for the more xeric desertholly. The dryness 
of these fans without creosotebush would be accented 
by their exposure-they not only face west, they are at 
the foot of a high steep scarp that must reflect much 
heat from the afternoon sun. 

The ground surface in areas with creosotebush is 
rougher than that in the pure stands of desertholly or 
c3Jttle spinach. The ground is more cobbly and the 
washes are deeper and wider; many are sufficiently wide 
and deep to appear in the topographic contours. The 

quantity of water-soluble salts is less than in the drier 
environments. 

Some stands of the creosotebush are composed of large 
individuals having numerous and thick stems but are 
bordered by belts of smaller bushes having fewer and 
thinner stems. This difference in stature may reflect 
difference in healthiness of the stands, but probably 
reflects difference in age. If so, the creosotebush at 
some places is advancing down the fans into the pure 
stands of the desertholly and cattle spinach. Such shift 
in position of the lower edge of the creosotebush is 
local and not general. If the boundary is shifting the 
cause probably is the same as that causing the shift in 
position of the lower boundaries of the desertholly and 
cattle spinach (p. 15, 18), which are advancing onto 
ground formerly occupied by phreatophytes where 
gravel has been washed onto the edge of the salt pan. 
Similarly, the less saline and more gravelly deposits 
suitable for the creosotebush are being washed onto the 
more saline or sandier ground where only the desert­
holly and cattle spinach grow. 

The apparently younger plants at the edge of these 
stands of creosotebush commonly are all about the same 
stature, as if they had germinated and matured together. 
This might suggest that creosotebush invades these 
more xeric areas only when conditions are optimum., as 
for example a series of wet years. (Seep. 15). 

Exposures of the upper parts of the roots of creosote­
bush (figs. 16, 17) suggest a root system even more ex­
tensive that that of the desertholly (p. 15). In the two 
situations illustrated neither the laterals nor the tap 
roots showed much taper. 

Although the creosotebush has some shallow lateral 
roots, the taproots extend to depths where the daily and 
annual temperature is constant or nearly so. It would 
be of interest to know if desertholly associated with the 
creosotebush roots less deeply, because it is more adapted 
to more xeric conditions. 

Animal population in the creosotebush community 
is small, both in numbers and species. Neither rodent 
burrows nor ant nests are abundant and there are few 
signs of larger animals. Grazing animals visit the 
mixed stands in the washes, but stay off the benches that 
have only the creosote bush and its more xeric associates. 

Chemical analyses of ash from creosotebush (table 9) 
indicate only half as much ash as in cattle spinach and 
only a quarter as much as in desertholly. Sulfate and 
chlorides are almost equal in creosotebush. Carbonates 
and silica were not determined, but, judging by the ap­
parent excess of cations, the proportion of carbonates 
and silica must be greater than in either desertholly or 
cattle spinach (table 25). 
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Roots extend 

into ground 

0 5 10 FEET 

FIGURE 16.-Ground plan of shallow lateral roots of creosote­
bush, exposed by wind erosion in sandy ground between 
Bennetts Well and Eagle Borax. 

FEET 
0 

2 

4 

.:.:a:~·-· 

. :; .. ~ : ... ::d: 

i~i~ 
FIGURE 17 .-Creosotebush roots exposed in gravel bank in 

Wingate Wash. 

Throughout the valley, creosotebush is high in cal­
cium. Specimens :from the northeast side o:f Cottonhall 
Basin are high in zirconium as are those o:f desertholly 
in that area. 

TABLE 9.-Semiquantitative and partial analyses, in percent, of ash from oreosotebush 

[Analysts and analytical methods given on p. 3-4] 

Ca. __ -------------- ______________ 
Mg ___ ----------------------------
K_----- --------------------------Na _______________________________ 
SQ4 _____ --------------------------CL _______________________________ 
Cu. ______________________________ 

b.------------------------------p 
z 
N 
M 
z 
F 
M 

n ______ ---------------------- ----
i_ ___ ----------------------------
o ___ ----------------------------

r --------------------------------
e ____ ----------------------------
n _____ --------------------------Cr ________________________________ 

v 
y --------------· ------------------

--------------------------------
L_ ------------------------------T 

B 
B 
s 
T 

---------------------------------
a ______ --------------------------
r--- ------------------- -------- --otal ash _________________________ 

P6 

21 
2.9 

16 
3.6 
3.0 
6.4 
.004 
. 002 
. 005 

<.002 
<.001 

.003 

.5 

.15 
<.002 

.001 
<.001 

.07 

.1 

.02 
1.0 
8.4 

P7 
---

19 
3.8 
6.1 
. 60 

<I.O 
2.8 
.02 

<.002 
.005 
.004 

<.001 
.03 

1.5 
.07 
. 003 
.003 
.002 
.1 
.05 
.05 
. 7 

6.5 

P8 P14 P22 
-----------

26 21 17 
2.9 4.2 2. 7 
9.6 16 14 
5.4 1.8 5.4 

<I.O 4.5 7 
2.4 8.4 9.6 
. 01 .004 .004 
. 005 . 005 .002 
. 012 . 008 .005 
. 015 . 01 <.002 

<.001 <.001 <.001 
<.002 .002 .001 

.2 1.0 .5 

.07 . 07 .03 

.002 . 002 .002 
<.·001 . 001 . 001 
<.001 <.001 <.001 

.03 .07 . 05 

.05 . 07 .2 

.03 .05 . 03 
1.0 1.0 >1.0 
2.8 6.5 9. 7 

P6. Leaves; toe of Indian Pass Wash fan; in Recent gravel; SW~SE~ sec. 17, T. 
28 N., R. 1E. (See R9, table 10.) Compare with P4, table 5. 

P7. Roots of No.6. Compare with P5, table 5. 
P8. Stems of No.6. 
P14. Leaves; Echo Mountain Wash; 500 ft east of State Route 190; NE~SW~ sec. 

21, T.28N., R.1 E. 
P22. Leaves; in wash with desert holly and pickleweed, NE~ sec. 20, T. 16 S., R. 

46 E. Compare with P20, table 5; P21, table 13. 
P39. Leaves; by West Side Highway west of Tule Spring. Compare with P29, table 

5. 
P33. Leaves; 500 ft east of West Side Highway 2~ miles south of Bennetts Well. 

Compare with P32, table 7 and P34, table 15. 

782-626 0-66-4 

P30 P33 P44 P48 
--------------

20 19 16 20 
4.2 4.6 3. 7 3. 7 

12 12 13 8.6 
3.0 1.5 6.2 4.4 
7.5 7.5 8 10 
7. 2 4.0 16 11 
.002 .004 .003 .008 
.002 <.002 . 005 .002 
.005 . 012 .008 .008 

<.002 <.002 .002 .008 
<.001 . 001 <.001 .015 

.001 .001 . 001 .001 

.7 1.0 . 7 .5 

.07 .05 .07 .07 

.002 . 002 .002 <.002 

. 001 . 001 <.001 .001 
<.001 <.001 <.001 . 001 

.05 .07 .07 .03 

.1 .03 .1 .1 

. 015 .01 .03 .01 

.7 .5 >1.0 >I.O 
8.5 8.8 8. 0 7.5 

P50 P105 
-------

19 21 
3. 7 3. 7 
8.6 15 
3.6 2.9 
7 13 
8.4 4.5 

.003 .01 
<.002 . 005 

.005 . 02 

.015 .003 
<.001 .0005 

.003 .007 
1.0 ----------
.2 .07 
. OG2 .005 
.001 .0015 
.001 .0010 
. 1 .03 
.1 .3 
.02 .03 

>I.O 1. 
8.3 7.9 

P107 
---

20 
4.5 

17 
.60 

15 
5 
.01 
.003 
.02 
.003 
.0005 
.007 

----------
.07 
. 005 
.0010 
.0010 
.03 
.2 
. 03 

1 
8.2 

P115 
-----

22 
3. 2 

17 
.50 

13 
4.3 

.007 

.005 

.02 

.002 

.0007 

.003 
----------

.07 

.003 

.001 

.001 

.03 

.05 

.03 

.5 
8. 2 

0 
0 

P44. Leaves, at Morman Point. Compare with P45, table 5. 
P48. Leaves and stem tips; Willow Creek fan, 2 miles east-northeast of Mormon 

Point; Recent gravel. (See R83, table 10.) Compare with P46, table 5 and 
P47, table 7. 

P50. Leaves and stem tips; 3 miles southeast of Salt Well in Recent gravel; SE~NE~ 
sec. 20, T. 22 N., R. 2 E. Compare with P49, table 7. 

P105. Tops, from wash 1,000 feet east of State Route 190 between the eastern and west­
ern buttes of the Three Bares. 

P107. Tops, at south corner of west butte of the Three Bares. 
Pll5. On upper part of gravel fan, with burro weed, altitude 2,000 feet, 0.5 mile below 

Hells Gate. 
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Table 10 gives some analyses of acid-soluble salts from 
around the roots of creosotebush. 

TABLE 10.-Semiquantitative and partial analyses, in percent, of 
acid-soluble salts in soils around roots of creosotebush 

[Analysts and analytical methods given on p. 3-4] 

Ca ______________________ _ 
~g _____________________ _ 
}( ______________________ _ 

~a----------------------COa----- ________________ _ 
so, _____________________ _ 
Cl ______________________ _ 
B _______________________ _ 
Ti ______________________ _ v _______________________ _ 
~n _____________________ _ 
~i ______________________ _ 
Sr ______________________ _ 
Ba ______________________ _ 
Total acid-soluble salts ____ _ 
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14.45 

R15 

7.5 
1.5 

. 28 

.2 
20 
2.5 
7.5 

. 005 

. 07 

. 002 

. 02 
<· 0005 

. 02 

. 02 
39.62 

R83 

2 
1 
. 66 
.3 

1.4 
1.9 
2.7 

. 015 

.3 

. 01 

. 07 

. 002 

. 05 

. 07 
10.58 

R9. Toe of Indian Pass fan; Recent gravel around root of creosote bush. (See P6, 7, 
8, table 9.) 

R15. West side Cottonball Basin; soil around roots of creosotebush in gravelly soil. 
R83. Cove east of Mormon Point; soil around roots of creosotebush; Recent gravel. 

(See P48, table 9.) 

BURROWEED (FRA.NSERIA. DUMOSA.) AND 
INCIENSO (EN CELIA. F ARINOSA.) 

The burroweed (FTanseria dumosa) and incienso 
( Enaelia fa'l'inosa) cover the high parts of the gravel 
fans in Death Valley, mostly above 500 feet in altitude, 
and they extend upward into the mountains. Burro­
weed is in the north part of the valley ; in the south its 
place is taken by incienso. In general, burroweed 
occurs on the upper parts of those fans that have the 
pure stands of desertholly at their base whereas the 
incienso community occurs on those fans that have 
cattle spinach at their base. This distribution strongly 
suggests a geologic control, but what that control is, if 
any, has not been identified. 

Areas shown as burroweed (pl. 1) include some 
incienso, and vice versa. The density of the shrubs may 
be as great as a few hundred per acre, but generally is 
less and the shrubs commonly are confined along washes 
(figs.18, 19). With them grow creosotebush and desert­
holly; various cacti are associated with the burroweed 
but are uncommon where there is much incienso. 

----

b 

X2 

FIGURE 18.-Burroweed (inset) and view east along a stand of burroweed on gravel fan by Furnace Creek near Cork­
screw Canyon. The burroweed (f) grows in washes between bare surfaces (b) on the gravel fans. Commonly 
there is a row of desertholly (h) along each side of the wash. Sketch by John R. Stacy, from photograph. 
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FIGURE 19.-Incienso (inset) and view across a wash with incienso on upper part of the Trail Canyon fan. Growing with 
the incienso (i) is creosotebush (c) and bebbia (lie). Sketch by John R. Stacy, from photograph. 

The map (pl. 1) shows the lower limit of burro weed 
and incienso, which emphasizes the extent of these 
plants and minimizes the extent of the creosotebush. 
The upper boundary of these plants has not been 
mapped; the scratch boundary shown on plate 1 is the 
foot of the mountains, but the plants extend onto the 
mountains to the top of the Lower Sonoran zone. 

Topographic relief in the areas of burroweed and 
incienso is considerable. Main washes are hundreds of 
feet wide and some are entrenched as deep as 100 feet 
into the gravel fans. The surfaces of the benches are 
smooth except for shallow washes having gently sloping 
sides. Along such washes the burroweed and incienso 
(figs. 18 and 19) commonly are spaced so closely their 
crowns touch. A 100-foot stretch of such a wash may 
have 40 shrubs, by far the densest growth of perennial 
xerophytes in Death Valley, yet the total plant popu­
lation of the burroweed and incienso areas is not large 
because extensive areas between the washes are bare. 

The root systems both of the burroweed and incienso 
seem to be much more limited than the root systems of 
the more xeric shrubs like creosotebush and deserthoHy. 
Roots of the burroweed and incienso growing along 
washes probably do not extend far beyond the ground 

where the vadose water is recharged by the collected 
runoff. The roots favor the Recent fill in the washes, 
and probably do not penetrate far into the dry older 
gravels under the bare pavement on each side of the 
wash. 

The stands of burroweed or incienso along the bottoms 
of many of the washes commonly are flanked by desert­
holly growing on the drier ground at the edge of the 
wash (fig. 20). 

Bare Bare 

Bare Desertholly Bare 

FIGURE 20.-Burroweed and incienso commonly grow along the 
bottoms of shallow washes flanked by a row of desertholly on 
the drier banks. Ground each side of the wash is bare desert 
pavement. 
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At the lower levels, these plants are restricted to the 
washes; the benches between the washes are bare (pl. 1). 
On the higher parts of the fans, however, the belts of 
shrubs in the washes widen and on the highest parts of 
the fans the shrubs spread across the smooth pavement 
covered benches between the washes. 

The analysis of a single specimen of burroweed 
(P114, table 11) suggests a composition more like that 
of the creosotebush than like the desertholly. Calcium 
and potassium are accumulated in preference to sodium 
and magnesium, and sulfates exceed the chlorides in the 
ash. 

TABLE 11.-Semiqu(Jifl,titative and partial analyses, in percent, of 
ask from burroweed and cheesebush 

[Analysts and analytical methods given on p. 3-4] 

P51 P114 

Ca ________________________________ _ 
~g ________________________________ _ 
}( _________________________________ _ 
~a ________________________________ _ 

804--------------------------------Cl ________________________________ _ 
Cu ________________________________ _ 
Pb ________________________________ _ 
Zn ________________________________ _ 
~i ________________________________ _ 

~0--------------------------------Zr ________________________________ _ 
Fe ________________________________ _ 

~n--------------------------------Cr ________________________________ _ 
v _________________________________ _ 
y _________________________________ _ 
Ti ________________________________ _ 
B _________________________________ _ 
Ba ________________________________ _ 
Sr _________________________________ _ 
Total ash __________________________ _ 

P 51. Cheesebush, 700 ft southwest of Bennetts Well. 
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Pl44. Burroweed, 0.5 mile south of Hells Gate, alt 2,000 ft. 
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Both the burroweed and incienso are browsed by 
mountain sheep and by burros. In general, the areas 
of incienso shown on plate 1 are in the range of the 
burros whereas the areas of burroweed are in the range 
of the mountain sheep. 

CHEESEBUSH (Hymenoc1ea sa1so1a) 

Some nearly pure stands of cheesebush ( H ymenoclea 
salsola) grow along washes at the foot of some of the 
gravel fans on the west side of Death Valley (pl. 1, 
fig. 21). In the area mapped the shrub is restricted to 
these washes, but it grows at higher altitudes beyond 
the limits of the map. 

Table 11 gives a chemical analysis of ash from cheese­
bush. This plant and rush (table 16) contain little ash. 
The proportion of calcium, magnesium, and potassium 
is high, or, stated otherwise, the proportion of sodium 

is very low. Sulfate about equals the chloride and 
both are low. Carbonate and silica were not deter­
mined, but they, especially the carbonate, must be high 
( ta;ble 25) . 

MIXED STANDS 

Mixed stands of xerophytes occur along washes and 
where there is perched ephemeral ground water. 
Washes on most of the fans have shrubs characteristic 
of the neighboring benches and some or all of the 
following species (fig. 31) : 

Honeysweet ( Tidestromia oblongifolia) 
Spurge (Euphorbia sp.) 
Pygmy cedar (Peucephyllum schottii) 
Deserttrumpet ( Eriogonwm in{tatum) 
Bebbia (Bebbia juncea) 
Stephanomeria (Stephanomeria parryi) 
Stingbush (Eucnide urens) 
Sticky-ring (Boernaavia annulata) 
Cheesebush ( H ymenoclea salsola) 

Few such mixed stands extend to the foot of the 
gravel fans, and generally they stay above 500 feet. 
The north side of Trail Canyon fan and the fans at 
Blackwater Wash and Tucki Wash are exceptions. 
The density of shrubs in the mixed stands exceeds 
that in the other xerophyte environments; many crowns 
touch, and average spacing in the areas mapped 
probably is ·about the diameter of the crowns. 

The limits of these stands are sharp, for they coin­
cide with the edges of the bottoms of the washes. Even 
low-level terraces in the washes are occupied by the 
more xeric types. Some of these stands are shown on 
transects on plate 2B, D, E, G. The depth to the 
water table is scores or hundreds of foot. 

On the fans along the east and north sides of Cotton­
ball Basin these mixed stands along the washes are 
altitudinally zoned. Honeysweet and spurge grow in 
the washes on the lower parts of the fans; the other 
plants listed grow in the washes at higher altitude. 

Although the typical habitat of these shrubs is along 
washes (fig. 21), they also occur where an ephemeral 
water table is perched above impermeable layers in the 
ground. 

PHREATOPHYTES 

Phre3Jtophytes are those plants that have their roots 
in perennial ground water or in tJhe capillary fringe 
above the water table. Nine kinds are distributed 
around the edge of the saltpan, and others grow at the 
springs on the gravel fans, and at other places where 
the water table is shallow (fig. 22). Distribution of 
these plants is controlled not only by the availability of 
the ground water but also by its quality. Arranged in 
order of increasing tolerance to salinity of the ground 
water, the principal phreatophytes in Death Valley 
are: 
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At the springs on the gravel fans: 
Desert baccharis ( B accharis sergiloides) ; 

wiHow (Saliw sp.); screwbean mesquite 
( Prosopis pubescens) ; common reed grass 
( Phragmites communis). 

The nine kinds around the edge of the saltpan : 
1. Honey mesquite ( Prosopis juliflora), 
2. Arrowweed ( Pl1whea sericea) and 3. 

Four-wing saltbush (Atriplew ca~nes­

cens), 

4. Alkali sacaton grass ( S porobolus air-

oides) and 5. Tamarisk (Tamam gal­
lica and T. aph!ylla), 

6. Inkweed (Suaeda sp.), 
7. Saltgrass (Distichlis stricta) 
8. Rush (Juncus cooperi) 
9. Pickleweed (Allenrolfea occidentalis) 

Salin~ty of the ground water' under the phreato­
phytes ranges from a few hundred parts per million 
under the mesquite, the least salt tolerant, to a maxi­
mum of about 6 percent along the saltpan edge of the 
pickle weed. The general zoning of these phreatophytes 
and their relationship to each other and to the geology 

FIGURE 21.-Four mixed stands of xerophytes along washes. A, Bebbia (be) associated with incienso {i) and creosotebush 
(o) at mouth of Trail Canyon. B, Honeysweet (t) and desertholly (h) in Mud Canyon in west part of Kit Fox Hills. 
These plants extend down Mud Canyon to below sea level; upstream, they end at the head of the canyon and are 
replaced by bebbia (be). 0, Wash tributary to Furnace Creek at Zabriskie Point. The plants here include honeysweet 
( t), spurge ( sp) , pygmy cedar ( pc), deserttrumpet (e), desertholly (h), and creosotebush (c). D, Oheesebush in a 
wash a mile south of Bennetts Well. On each side of the wash with cheesebush (ch) is creosotebush (c). In distance 
is cattle spinach (Ap) and honey mesquite (m). 
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FIGURE 22.-Phreatophytes grow where the ground water is shallow. This is view of Bennetts Well where ground water 
is 7 feet deep; it contains 0.03 percent ( 300 ppm) dissolved solids. At left is clump of sacaton grass; back of the 
well is honey mesquite. Sketch by John R. Stacy, from photograph. 

is illustrated on plate 1 and in 17 transects on figures 23 
to 26. The belts of less salt-tolerant phreatophytes usu­
ally include some species that are more solt-tolerant. 
For example, pickleweed usually extends into the belt 
of arrowweed ( Phwhea seriaea), and arrowweed usu­
ally extends into rthe belt of honey mesquite ( Prosopis 
juliflora). The most salt-tolerant plant, pickle weed, 
forms extensive pure stands. 

This zoning of the phreatophytes around the edge of 
the Death Valley saltpan is duplicated by similar zon­
ing around the edges of other saline or alkaline lakes 
and playas. At Great Salt Lake, for example, in the 
Upper Sonoran zone, the most salt-tolerant plants are 
Saliaornia and Allenrolfea. There is an intermediate 
belt of inkweed ( Suaeda sp.) and saltgrass ( Distichlis 
sp.), and the least salt-tolerant plants are sacaton grass 
(Sporobolus sp.), saltbush (Atriplew sp.), greasewood 
(Sarcobatus sp.), and rabbitbrush (Ohrysothamnus 

sp.). (See Flowers, 1934). Zoning of plants with re­
spect to their salt tolerance also occurs along the coasts. 
(See for example, Kurz and Wagner, 1957.) 

But, although the plants are distributed in an orderly 
way with respect to average differences in salinity, each 
species is capable of surviving substantial variations in 
salinity (fig. 40). Of particular interest in this connec­
tion is the early study by Hill (1908) of the way root 
hairs adapt themselves to changes in salinity. In a salt­
pan along the coast of England, Hill found that the 
salinity of the water around plant roots at high tide was 
that of sea water, about 3.5 percent, but after a rain the 
salinity dropped to less than 1 percent. In investigating 
how the plants accommodate themselves to the change, 
he found the osmotic balance of the cell sap of the root 
hairs of both S alicornia and Suaeda to be about 6.5 
percent N aCl. Root hairs of Salicornia seedlings could 
stand a 5.8 percent solution of common salt, but after 
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FIGURE 23.-Transects showing relationship of phreatophytes to quality of water on the north and east sides of Cottonball 
Basin. A, a mile southeast of Beatty Junction; B, at North Side Borax Camp; 0, at Salt Springs; D, at dunes a mile 
northwest of National Park Service headquarters; E, at mouth of Cow Creek. Creosotebush (c) and desertholly (h) 
occupy xerophyte environments on gravelly ground at toe of the fans. m, honey mesquite; a, arrowweed; s, saltgrass:; 
r, rush; p, pickleweed; b, bare ground. TDS refers to total dissolved solids in ground water, in percent. Water­
soluble soH salts are given in percent by volume. 
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FIGURE 24.-Transects showing relationship of phreatophytes to quality of water at (A) spring zone 1,500 feet 
northeast of National Park s·ervice headquarters and (B) spring zone 1,500 feet east of the headquarters. 
b, bare ground; m, honey mesquite; s, saltgrass; a, arrowweed; sa, sacaton grass. TDS refers to total 
dissolved solids in ground water, in percent. 

being washed and soaked with a 1.0 percent solution for 
2 hours they became plasmolysed when placed in the 
5.8 solution, that is, they shrank from exosmosis. The 
root hairs survived variations of salinity between less 
than 1.0 and nearly 6.0 percent. The protoplasm shrank 
from the tip of the root hairs and pulled in from the 
sides when the salinity was increased, whereas the root 
hairs swelled, assumed curious shapes, or even branched 
when the salinity was lowered. 

I attempted, without success, to duplicate Hill's ex­
periments by using saltgrass from Death Valley. Al­
though the roots were immersed in solutions ranging 

from 0.05 to 10.0 percent salts, I could detect no changes 
in the root hairs. Perhaps the experiment was con­
ducted at the wrong season; in any case one may con­
clude that such experiments had best be left to plant 
physiologists l 

Other, more successful, studies of the adaptations of 
plants to changes in salinity confirm Hill's observations 
that plants can tolerate substantial variations in the 
salinity of the ground in which they grow and in the 
salinity of their cell sap. (See, for example, Shakhov 
and Kachinskaya, 1947, p. 1817-1820; Kurz and Wag­
ner, 1957, p. 83; Beadle, \Vhalley, and Gibson, 1957; 
Ashby and Beadle, 1957; Van't Hoff, 1903.) 



PHRE.A:TOPHYTES 29 

A 

FEET 

b b c 
ooo ooo ooo ooo 

B 

FEET 

r 40 
30 
20 
10 
0 

c 
0 100 200 300 400 FEET 

FIGURE 25.-Transects showing relationship of phreatophytes to quality of water on the east side of Badwater Basin. A, 
at Badwater; B, in second cove south of Badwater; 0, at Coyote Hole 4 miles southeaSit of Mormon Point. h, desert­
holly; ts, honeysweet and spurge; rg, giant reed grass; r, rush; s, saltgrass; p, pickleweed; b, bare. TDS refers to 
total dissolved solids in ground water, in percent. 

In Death Valley the phreatophytes are in the sandy 
and silty ground at the foot of the gravel fans and at 
the edge of the saltpan. Toward the mountains are the 
xerophytes on the fans; in the other direction are bare 
salt flats (fig. 5). The vegetation ends panward where 
the salinity of the ground water becomes as high as 6 
percent. 

In Death Valley no annuals grow in the highly saline 
areas where there is pickleweed or saltgrass (Went and 
Westergaard, 1949, p. 35). I have seen no annuals, 
either, where there is arrowweed, for the ground there 
also is highly saline. (Transect D, fig. 23; transect F, 
fig. 26.) Some annuals appear in the areas of the less 
salt-tolerant phreatophytes but commonly these annuals 
are dwarfed or have black tips on their leaves, indicat­
ing injury (Went and Westergaard, 1949, p. 35). 

Whereas xerophytes characteristics of the driest habi­
tats bloom and flower afte~~ warm rains regardless of 
the season, the phreatophytes flower in the spring sea­
son regardless of abundance of rain at other times of the 
year. ~~!though most of the phreatophytes grow at 

782-626 0-66-5 

lower altitudes than most of the xerophytes, they have 
a dependable water supply, are independent of the 
rains, and respond to the seasonal changes in temper­
ature. This response must be triggered in the epigeous 
parts because the roots are in the capillary fringe, or 
water table, where there is little annual variation in 
temperature. 

PICKLEWEED (Allenrolfea ocoidental1s) 

Pickleweed, the most salt-tolerant pla:.1t in our des­
erts, forms nearly pure stands in a belt ranging from a 
quarter of a mile to 2 miles wide along the whole length 
of the west side of the saltpan and it occurs in isolated 
patches along the east side (fig. 27). The area covered 
by it is about 20 square miles. The main stand of 
pickleweed practically coincides with the salt-crusted 
silty facies of the carbonate zone. This ground is 
nearly flat and is crossed by few washes, none of which 
is more than a few feet wide and a few inches deep. 
Stands of pickleweed also grow in many of the sulfate 
marshes. 
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FIGURE 26.-Transecls showing relationship of phreatophytes to quality of water on the west side of Death Valley. .A, 
at Salt Well; B, at Gravel Well; 0, at Bennetts Well; D, at Eagle Borax; E, at Shortys Well; F, at Tule Spring; 
G, at Devils Speedway, c. creosotebush; h, desertholly; cs, cattle spinach; m, honey mesquite; a, arrowweed; T, 
tamarisk; rg, giant reed grass; sa, sacaton grass; s, saltgrass; r, rush; p, pickleweed; b, bare ground. TDS refers to 
total dissolved solids in ground water, in percent (except in G the water is ponded surface water). Soil salts, water­
soluble, given in percent by volume. 
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FIGURE 27.-Pickleweed (inset) and view west at Tule Spring sh()wing successive Z()nes of pickleweed (p), arrowweed (a), 
mesquite (m), and creosotebush (c). Sketch by J()hn R. Stacy, from photograph. 

Pickleweed is a sprawling shrub that seems to spread 
partly by runners ·a few inches below the surface and 
partly by branches lying on the ground (fig. 28). In­
dividual plants are mostly less than a foot high but 
spread over many square feet. The plant is a curious 
succulent with jointed stems; the succulent greens and 
the root hairs have a density greater than water, prob­
ably because of mineral salts and dissolved salts. De­
pending on the season and availability of water the 
colors are grass green, yellow, brown, or red. Pickle­
weed (A llenrol f ea oaaidentalis) resembles species of 
Saliaornia. The latter, typically a seaside shrub, is not 
known in Death Valley, although it has been reported 
in other inland basins including Panamint Valley (Jep­
son, 1951, p. 331) 30 miles west of Death Valley. 

Between the mounds of pickleweed the silty ground 
is covered by a crust of salt in blisterlike growths 1 or 2 
inches high and 6 to 12 inches wide. This salt crust 

FIGURE 28.-0ross secti'()n of pickleweed mound showing the 
main root system. 

contains as much as 20 percent of water-soluble salts 
(by volume). The upper limit of salinity in the silt 
around the roots of the pickleweed was not determined, 
but quantities as much as 3 percent (by volume) were 
obtained in spot tests. Ground water near the roots 
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contains as much as 6 percent of salts, and salinities of 
nearly 10 percent have been obtained from water in 
these areas (table 12, W73g) . These salinities are 
greater than those recorded in the Colorado Desert, 
where pickleweed also occurs on heavy-textured soils 
having an average salinity just under 2 percent (Marks, 
1950, p. 184). 

The silty ground retains moisture for long periods 
following rains. The water table is shallow and in 
most places the capillary fringe extends to the surface, 
at least seasonally. But the moisture, though abundant, 
most of the time probably is too saline for use even by 
the pickleweed. At least, the plant does not become 
green even when the ground moistun. becomes as high 
as 10 percent. 

At many places the plants grow on mounds 2 feet 
or more high. These are due to the accumulation of 
salt around the base of the plant. In part this salt may 
be due to the accumulation of salt-rich organic matter 
fallen from the shrub; in part it may be due to the wick 
effect of the root system causing water to rise and salts 
to be deposited along the roots. Some mounds are 4 
or 5 feet in diameter and 2 or 3 feet high. The edge 
of Death Valley is dotted with eroded salt mounds 
marking the site of pickleweed plants; the mounds look 
like eolian accumulation but they are salt. 

Southward from a point a.bout a mile north of Salt 
Well the ground in the areas of pickleweed is sandy, 
and the pickleweed grows on saliferous sand dunes 1 or 
2 feet high and 10 feet wide. 

Analyses of ash from pickleweed plants in Death 
Valley are given in table 13. Total ash in the tops is as 
high as 40 percent and averages as high as in desertholly. 
This ash is mostly chloride. Carbonates and silica were 

not determined, but a moderate content of carbonates is 
needed for the anions to balance the cations (table 25). 
Evidently pickleweed contains little silica. Analyses 
of acid-soluble salts in soils around the roots of pickle­
weed are given in table 14. 

A specimen of pickleweed, from the warm spring near 
West Side Borax Camp, was tested for iodine; it con­
tained 80 parts per million. 

Pickleweed seeds itself and grows readily. At Gravel 
Well, it has advanced westward away from the saltpan 
and has invaded some old dunes that once supported 
mesquite. It is common in the furrows of the old borax 
workings near Shoveltown and at Eagle Borax; it has 
overgrown an old trail just west of theW est Side High­
way half a mile south of the Trail Canyon road; and it 
grows on the road shoulders along the paved highway 
in the cove south of Copper Canyon. 

On the other hand, some evidence of retreat of the 
pan ward edge of the pickleweed was noted at four locali­
ties: at the northeast foot of the Trail Canyon fan, the 
foot of Johnson Canyon fan, the cove south of Copper 
Canyon, and locally along the west edge of Cottonball 
Marsh. In these areas are many salt mounds which 
probably once were pickleweed mounds. 

TAMARISK (Tamarix ga.Uica and T. a.phylla) 

Two species of tamarisk grow in Death Valley. One, 
probably the athel tree ( Tamarix aphylla), is evergreen. 
The other species is deciduous and probably is T. gal­
lica. These so-called saltcedars form dense stands at 
five localities: Eagle Borax; a m-arsh northeast of Tule 
Spring; along Furnace Creek from Travertine Springs 
to Furnace Creek Ranch; Neva res Springs; and the 
National Park Service utility and residential areas. 
New stands are developing east of Gravel Well and at 

TABLE 12.-Semiquantitative and partiaZ analyses, in percent, of water in areas of pickZeweed 

[Analysts and analytical methods given on p. 3-4. Samples marked with suffix -56 collected January-February 1956, a dry year; others collected January-February 195 
a wet year] 

W2-56s W8g W53s W20-56g W56g W59g W66g W67s W71s W73g W75s W26-56g W93g 

-·---------1---------------------------------------
Ca _____ -------------------------- >0.01 0.003 0.13 >0.05 0.09 
Mg_---- -------------------------- .03 .003 .003 .03 .002 
K_-- ----------------------------- .07 .09 .03 .08 . 06 
Na __ ----------------------------- 1.4 .s .48 1.6 1.5 
S04 ------------------------------- .5 .4 .1 .6 .9 CL _______________________________ 2.0 .02 1. 2 2. 2 1. 4 
B ____ ---- ------------------------- .002 .03 .001 .03 .001 Sr ________________________________ .004 <.001 .006 .01 .004 
Total dissolved solids _____________ 4.0 2. 4 1.7 5.0 4.5 
pH_------------------------------ ---------- 8.2 6.8 6.5 

W2-56s. 

W8g. 

W53s. 

W2{}-56g. 

W56g. 
W59g. 

W66g. 

Surface water in Salt Creek in pickleweed at edge of the saltpan; N~ sec. 
10, T. 16 S., R. 46 E. 

Ground water in gravel under pickleweed; 1ft below surface; 100ft west of 
old road in SE~ sec. 20, T. 28 N., R. 1 E. 

Surface water ponded in channel near east edge of pickleweed. NW~ sec. 
28, T. 16 8., R. 46 E. 

Ground water from spring at Badwater; pickleweed and seepweed in the 
marsh. 

1957 duplicate ofW2{}-56g. Wet year. 
Ground water, 15 in. below surface; in marsh at toe of fan, second cove 

south of Badwater. 
Ground water, west edge of marsh at Coyote Hole, 4 miles southeast of 

Mormon Point; pickleweed. Compare with W65g, table 19. 

0.11 
.01 
.08 
.96 
.2 

1.6 
.001 
.01 

3.2 
7.0 

W67s. 
W71s. 

W73g. 

W75s. 

W26-56g. 

W93g. 

0.03 0.05 0.07 0.01 0.13 0.025 0.15 
.015 .025 .04 .02 .02 .025 .03 
.02 .04 .1 .1 .04 .021 .05 
.6 1.1 2.3 3.5 .8 .88 1.1 
.2 .6 1. 2 1.0 .1 .14 .2 

1.0 1.6 1.6 3.2 1. 2 1. 4 2.8 
.001 .001 .003 .001 .001 .0005 <.001 
.007 .002 .005 .004 .007 .012 .015 

2.0 3.4 7.1 9.8 3. 7 2.5 4.2 
7.6 7.8 7.4 6.8 6. 7 7.0 6.8 

Surface water, draining west from Coyote Hole; pickleweed. 
Surface water ponded in Amaragosa River, East Distributary. SE~ sec. 

22, T. 22 N., R. 2 E. Pickleweed with saltgrass. 
Ground water, underflow in Amaragosa River channel about 1ft below 

surface. SE~ sec. 27, T. 22 N., R. 2 E. Pickleweed grows along the 
banks. 

Surface water in channel at northeast edge of pickleweed northeast of Salt 
Well. 

Ground water in marsh~ mile east of Gravel Well. Mixed pickleweed, 
saltgrass and rush. 

1957 duplicate of W26-56g. This marsh was drier in 1957 than in 1956. 
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TABLE 13.-Semiquantitative and partial analyses, in percent, of ash from pickZeweed 

[Analysts and analytical methods given on p. 3-4] 

Pl P2 P3 P11 

Ca. _________________________________________ 1.6 2. 7 4.5 1.4 
Mg_---- ------------------------------------ 3.6 1.8 4.4 2.0 
K. ------------------------ ------------------ 3.4 .96 6.0 5. 7 
Na .• ----------------- _______________________ 33 30 22 35 
S04. ---------------------------------------- 8.0 3. 0 6.0 5.0 CL __________________________________________ 24.0 49.0 28.0 26.0 Cu .• ________________________________________ .002 .003 .01 .001 
Pb. _________________________________________ <.002 .002 <.002 <.002 Zn __________________________________________ .005 .002 . 01 <.002 NL _________________________________________ <.002 <.002 <.002 <.002 Mo. ________________________________________ <.001 <.001 . 001 <.001 Zr ___________________________________________ <.001 . 01 .005 <.001 Co __________________________________________ <.001 <.001 >.001 ----------Fe ______________ ----------- _________________ .07 .15 . 7 .07 Mn _________________________________________ .02 .02 .15 . 01 
Cr ____________ ------------- _________________ <.002 <.002 .003 <.002 
v--- ---------------------------------------- <.001 <.001 .001 <.001 
y--- ---------------------------------------- <.001 .001 <.001 .001 
TL _____________________ ---------------- ____ . 015 .07 .07 .02 
B_-- ---------------------------------------- .07 .1 .05 .07 Ba. _________________________________________ <.002 .007 . 015 .003 Sr ___________________________________________ .1 .2 .3 .3 Total ash ___________________________________ 41.0 41.0 9.5 28.0 

Pl. Tops; at mound 1 mile north of highway at Devils Speedway. Compare with 
P2 and P3. See also R1 to R4, table 14. 

P2. Roots; upper levellaterals &-10 in. below surface; same plant as No. 1. 
P3. Roots; lower level laterals; 14 in. below surface; same plant as No. 1. 
Pn. Tops; toe of Echo Mountain Wash. 
P21. Tops; growing with desertholly (P20, table 5). NW% sec. 20, T. 16 S., R 

46 E. See also R14, table 14. 
P24. Tops; east edge of saline facies of carbonate zone at north end of west-side marsh. 

P21 P24 P26 P27 P38 

1.8 1.6 2.6 1.4 5.6 
2.8 1.7 3.3 1.1 3. 7 
5. 7 6.9 5.9 2.4 6.4 

32 32 29 33 25 
12.0 9.0 10.0 4.0 6.0 
27.0 19.0 30.0 31.0 30.0 

. 001 .002 .002 <.001 .003 

.002 .002 <.002 <.002 .002 

.002 .002 .002 <.002 .005 
<.002 <.002 <.002 <.002 <.002 
<.001 <.001 . 003 <.001 . 001 
<.001 <.001 <.001 <.001 . 001 

---------- ---------- ---------- ---------- ----------
.15 .1 .05 .1 .3 
. 01 .01 .02 . 01 .02 

<.002 <.002 <.002 <.002 <.002 
<.001 <.001 <.001 <.001 <.001 

. 001 .001 .001 . 0015 .001 

.02 . 015 .007 . 015 .05 

.2 .1 .15 .02 . 07 

.005 .005 <.002 .005 .015 

.3 .3 .15 .15 . 7 
38.0 26.0 39.0 44.0 30.0 

P26. Tops; east edge of marsh at Eagle Borax. 
P27. Tops; at Tule Spring. 

P39 P41 

2. 7 1.9 
3. 7 2. 7 
7.0 6.4 

32 33 
4.0 6.0 

26.0 30.0 
.002 .003 

<.002 <.002 
.005 . 005 

<.002 <.002 
. 001 <.001 

<.001 <.001 
---------- ----------

.03 .05 

. 01 .03 
<.002 <.002 
<.001 <.001 
<.001 <.001 

.005 .005 

.05 .10 
<.002 <.002 

.5 .5 
36.0 34.0 

P38. Tops; in wash in flood plain a mile north of Salt Well. 
P39. Tops; toe of third fan south of Badwater. Compare with P40, table 5. 
P41. Tops; in marsh in cove north of Coffin Canyon. 

P102 

4.8 
3.6 
2.2 

18 
13 
18 

.003 

.0015 
<.02 

.0005 

. 0015 

.007 
<.0005 

.03 

.0015 

.0015 

.001 

.07 

.05 

.02 

.15 
15 

P102. Roots and tops. Floodplain of Salt Creek 1 mile northwest of McLean Spring. 
Compare P101, table 21. 

TABLE 14.-Semiquantitative and partial analyses, in percent, of acid-soluble salts in soils around the roots of pickleweed 

[Analyst and analytical methods given on p. 3-4] 

R1 R2 R3 R4 R14 S106 8-51 I S136a I S132b I S137a I S137b I S137c S115c I S115d 

Major constituents 

ca _____________ --------
Mg_ ------------------­
K---- ------------------Na ____________________ _ 
CO a. _________________ _ 
so4-- ------------ -----­
CL _ -------------------

TotaL __________ _ 

7.5 
.8 
.2 
.4 

16 
1.2 
1.8 

---
27.9 

7.5 5.0 
1.0 1.0 
.3 .3 
.9 7 

12 8.4 
1.2 1.2 
1.8 6. 7 

------
24.7 29.6 

7.5 10 0.5 5.0 
1.0 3.5 .5 1.5 
.2 .3 1.4 .4 

1.4 .1 28 2.3 
13 20 8.1 2.8 
1.2 3. 7 12 17 
2.6 3.3 20 3. 0 

------------
26.9 40.9 70.5 32.0 

2.0 2. 0 >10 >10 5 7.5 7.5 
1.5 .7 .3 .2 2.0 . 7 . 7 
.5 .7 .1 <.1 .3 . 7 .3 
.3 2.8 4.9 1.2 .7 .7 1. 3 

4.0 .4 <.2 .2 8.2 16 1. 8 
2.5 17 30 37 17 10 14 
.6 2. 2 3.4 2.4 1.0 .8 .8 

----------------------
11.4 25.8 48.9 51.1 34.2 36.4 26.4 

Minor constituents 

B ___ - ------------------ 0.02 0.01 0.02 0.03 0.007 0.3 
TL. _ --------- _________ .1 .2 .1 .1 .1 . 05 
v ---------------------- .003 .003 .002 .003 .003 .002 Mn. ___________________ . 05 .07 .03 .05 .03 . 001 NL ___________________ - . 0005 .0005 <.0005 .0005 .0005 <.0005 
Sr ___ -------------- ____ . 02 .02 .3 .03 .05 .03 Ba _____________________ .03 . 03 .03 .03 .03 .007 

R1. Section of sand about roots of pickleweed in carbonate zone; by jeep trail on west 
side, 1 mile north of Devils Speedway. Gravel, underlying the sand, 2ft 8 in. 
below surface. Tap root extends to top of this unit and spreads horizontally 
at the contact. (see P2 and P3, table 13.) 

R2. Damp sand overlying R1; grit layer 1 in. thick 11 in. above base. 
R3. Horizontally bedded sand and salt overlying R2; 4-5 in. thick; this is main level 

of horizontally spreading roots. 
R4. Loose sand overlying R3; horizontally bedded. eolian?; 4 in. thick. 
R14. West side Cotton ball Basin; pickleweed and desertholly (P20, table 5 and P21, 

table 13) growing on same mound in bottom of a dry wash; soil from around 
their roots. NW1/4 sec. 20, T. 16 S., R. 46 E. 

S106. Pickleweed mound, at roots, 1ft below top of mound 2ft high; 2 miles north of 
Salt Pools. 

the marsh at the mouth of Cow Creek. At the Cow 
Creek marsh in January 1959 I counted 12 young tam­
arisk; the largest was 5Jh feet high, 6 others were 3 feet 
high, and 5 were 6 inches high. In 1957 I noted only 
one tamarisk at this marsh. 

0.5 0.01 0.13 0.03 0.005 0.02 0.01 0.02 
.15 .1 .1 . 01 .007 .05 .15 .07 
.003 .003 .002 .002 <.002 .003 .003 .002 
.03 .05 .07 .001 .001 . 001 .07 .03 
. 0005 .0005 <.0005 <.0005 <.0005 <.0005 <.0005 <.000 
.07 .03 .1 .5 .15 .05 3.5 .3 
.03 .03 . 03 .002 .002 .05 .15 .02 

S-51. Salt-heaved sulfate zone under pickleweed, SWl/4 sec. 28, T. 16 S., R. 46 E. 
S136a. Sample of 3 ft of damp sand and silt underlying the salt crust, in pickleweed 

J,-2 mile east of Gravel Well. 
S132b. Silty sand on flood plain of Amargosa River, with pickleweed, SE1/4 sec. 22, 

T.22N.,R.2E. 
S137a. Sulfate marsh, with pickleweed, saltgrass, and rush; J,-2 mile east of Gravel 

Well. Crust on sulfate salts. 
S137b. Same; interior of lump of sulfate salts. 
S137c. Same; mud underlying the marsh salts. 
S115c. Sulfate marsh in cove 2 miles south of Badwater; mud underlying the lumpy 

crust. 
S115d. Same as 115c; lump of sulfate salts. 

Tamarisk is an introduced tree, brought to the United 
States from the Mediterranean and advertised in seed 
and nursery catalogues in California as early as 1856 
(Bowser, 1957). Perhaps the trees were introduced 
into Death Valley after 1891 because they are not listed 
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by Coville ( 1893) . In the Colorado Desert, tamarisk 
grows in all kinds of soils-in clean sand, silty clay 
loam, and gravel overlain by silt, and where the salinity 
of the ground within about 4 feet of the surface averages 
0.14 percent (Marks, 1950, p. 181). 

Growing with the tamarisk at the Park Service areas 
and at Furnace Creek Rance and Inn are date palms, 
also introduced. Here and there in Death V allev in 
washes near these groves is a stray palm tree, evide~tly 
seeded by birds or by coyotes, who also eat the dates. 

Prior to the introduction of the tamarisk trees the 
chief plant in these habitats evidently was honey mes­
quite. However, the tamarisk is well suited to this 
environment; it is a salt-tolerant phreatophyte that can 
be expected to spread to most or all the marshes around 
the saltpan. 

INKWEED (Suaeda su:llruteseens) 

Inkweed ( Suaeda suffrutescens) occurs in mixed 
stands spottily distributed along the boundary between 
t.he xerophytes and phreatophytes. There are stands 
along the foot of the fans along the west side of the 
valley from Hanaupah Canyon to Blackwater Wash 
and along the foot of the fans on the east side of the 
valley from Desolation Canyon northward to Cow 
Creek. 

Inkweed has been regarded as a phreatophyte (Rob­
inson, 1958, p. 40), but there is some question whether 
the Death Valley plants send their roots as deep as the 
water table. At many of the inkweed stands the depth 
to the water table is 25 foot. Many of the stands are on 
the gravel-fan sides of the honey mesquite whe~ the 
ground water generally contains less than half a percent 
of dissolved solids; other stands grow where the xero­
phytic desertholly ends against the salt-tolerant pickle­
weed. In these places the ground water contains as 
much as 5 percent dissolved solids. At all the stands 
the soil is saliferous and contains 1 or 2 percent (hy 
volume) of water-soluble salts. In the Colorado Desert 
inkweed grows on ground where the surface layers have 
an average salinity of about 0.9 percent (Marks, 1950, 
p. 181, 184). 

The stands of inkweed are open-the space between 
shrubs is several times the width of the crowns. Desert­
holly generally is present with the inkweed except where 
the inkweed has spread far into the honey mesquite 
community. 

Inkweed is high in sodium and chloride, like desert­
holly and picklewood, and has a higher proportion of 
iron than any other of the plants tested (table 15) . 
The amount of ash is about the same as in cattle spinach. 
A single specimen tested for iodine contained less than 
20 parts per million. 

TABLE 15.-Semiquantitative and partial analyses, in percent, of ash 
from inkweed (8uaeda suffrutescens) 

[Analysts and analytical methods given on p. 3-4] 

PSI, 
Ca _________________ 3.0 
~g _________________ 4.5 
]{ __________________ 9.0 
Na _________________ 20 

804----------------- 7. 5 Cl __________________ 20 
Cu_________________ .004 
Ph----------------- .002 Zn_________________ .005 
Ni__________________ .002 

~0----------------- .001 

Zr _________________ _ 
Fe _________________ _ 
~n ________________ _ 
Cr _________________ _ v _________________ _ 
1[ _________________ _ 
Ti _________________ _ 
B _________________ _ 
Ba ________________ _ 
8r _________________ _ 
Total ash __________ _ 

PSI, 

.003 
1 
.15 
. 002 
.001 
. 001 
. 07 
.05 
. 015 
.2 

14.0 
P34. lnkweed tops, including twig ends; more woody material than leaf; 500 ft east of 

West Side Highway, 2~ miles south of Bennetts Well; compare with P33, 
table 9 and P32, table 7. 

RUSH (Juncus Cooperi) 

Many marshes at the edge of the saltpan have small 
stands of rush, Juneus Oooperi. These stands are dense 
but are generally only 1 or 2 acres in extent and too 
small to be rna pped. Saltgrass and (or) pickleweed 
commonly are associated with the rush. The general 
setting of these stands is illustrated on transects at 
Gravel Well and Tule Spring (fig. 26B and F), at 
Coyote Hole (fig. 250), and along the east side of Cot­
ton ball Basin (transects 0, D, and E, fig. 23). Figure 
29 shows some rush bordered by saltgrass. 

Judging by the position of the rush, its salinity toler­
a.nce is greater than that of saltgrass but less than that 
of pickleweed. Analyses of water at or near stands of 
rush are given in table 19. A single chemical analysis 
of ash from rush tops at Salt Springs (table 16) sug­
gests that it contains a higher percentage of carbonates 
and lower percentage of silica than does the salt.grass 
(table 25). This ash contains as much manganese as 
does the cattle spinach (p.18) and more boron than any 
other plants that were analyzed. Saltgrass at this same 
location contains only a tenth as much boron. (Com­
pare with P9 and P10, table 17.) Evidently the chem­
ical composition of the roots and tops of the rush are 
quite different because the analysis of the mixed parts 
(P103) is not like the analysis of the tops (P12). 

TABLE lB.-Semiquantitative and partial analyses, in percent, of 
ash from rush (J uncus Coo peri) 

[Analyses and analytical methods given on p. 3-4] 

PiS P109 PJB 

Ca ___ ---- 4. 5 4. 0 Zr________ . 001 
2. 3 3. 5 Fe_____ _ _ _ . 1 

19 2. 2 ~n_______ . 3 
~g ______ _ 
]{ _______ _ 
Na ______ _ 8 13 Cr________ . 002 
804 ______ _ 13 5.9 v ________ .oo1 
CL __ - _ --- 8. 8 16 1[ -------- . 001 Cu ______ _ . 004 . 005 TL_______ . 03 
Pb ___ ---- . 002 . 002 B _____ - _ _ 1 
Zn _______ _ . 005 <. 02 Ba _ _ _ _ _ _ _ . 007 
NL ______ _ . 002 . 0005 8r________ . 15 
~o ______ _ . 001 . 0007 Total ash__ 6. 1 

P109 
. 015 

. 07 

. 002 

. 0015 

. 0015 

. 15 

.2 

. 003 
>1 

24 

P12. Rush tops, at Salt Springs 1n SE~ sec. 20, T. 28 N., R. 1 E. 
P103. Roots and tops; marsh 1 mile northwest of National Park Service Head­

quarters. 

• 
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Although rush and saltgrass commonly grow together 
their root habits are quite different (fig. 30). Saltgrass 
is characterized by spreading laterals whereas the rush 
roots extend down ward. 

SA.LTGRA.SS (D1stichlls stricta) 

Saltgrass ( Distiohlis strkta) grows with most of the 
other phreatophyt~s. However, pure stands sufficiently 
extensive to be mapped separately are around the foot 
of Furnace Creek fan and around parts of the east and 
north sides of Cot.tonball Basin (fig. 29). 

The ground in the saltgrass areas is that of the sand 
facies of the carbonate zone. The grass grows on the 
sand and in the 'vashes containing fine gravel that cross 
it. The ground between the washes is level, but in de­
tail the surface is hummocky with a microrelief of 2 to 
4 inches. 

The soil is sandy but contains a good deal of silt and 
salt and retains moisture moderately well. It contains 
less than a percent of organic matter. Much of the 
time, especially around Cottonball Basin, the surface 
is coated with a white efHorescence of sodium salts, in­
cluding the carbonate and sulfate of sodium as well as 
the chloride. 

At the surface is a layer 3 to 6 inches thick of limy 
sand with some salt and below this is a layer of caliche 
3 to 6 inches thick composed very largely of sulfate 

salts, mostly sodium sulfate ( thenardite) in Cottonball 
Basin and mostly calcium sulfate (gypsum) in Bad­
water Basin. Under this is limy sand. The saltgrass 
spreads by "runners" (rhizomes) (fig. 30) that com­
monly spread at the base of this sulfate caliche layer. 
From these "runners" rise stems that penetrate the cali­
che to reach the surface. As a result, small clumps of 
saltgrass tend to be arranged linearly (fig. 29). 

Saltgrass in Death Valley grows in ground where the 
surface layer contains as much as 3.8 percent (by vol· 
ume) of water-soluble salts, and with its roots in ground 

0 3 FEET 

FIGURE 30.-Sketch illustrating difference in root habits of a 
rush and saltgrass. 

FIGURE 29.-Saltgrass (inset) and view west across saltgrass (s) to rush (r) on the east side of Cotton:ball Basin. Ground 
water under this-saltgrass has a1bout 3 percent total dissolved solid; the surface water beyond the rush contains about 6 
percent total dissolved solids and ground there is bare (b). Sketch by John R. Stacy, from photograph. 
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water that contains as much as 4.8 percent (by weight) 
total dissolved solids. (See W60g table 19; transects 
0, D, E, fig. 23; and transect B, fig. 26.) Saltgrass 
also grows along stretches of the Amargosa River where, 
in dry seasons, ponded surface water contains 7 percent 
of salts. (See W71s, table 19.) These tolerances are 
somewhat higher than reported in other areas. (See, 
for example, Meinzer, 1927, and Rnbinson, 19·58, p. 56-
57.) 

The depth of the water table in most of the stands of 
saltgrass is only 1 or ·2 feet, but locally, as on the north 
side of Cottonball Basin, it may exceed 10 feet. This 
range in depth to the water table under saltgrass in 
Death Valley accords with observations elsewhere 
(Robinson, 1958, p. 57-58). The roots, at many places, 
do not reach the water table but are in the capillary 
fringe above it. 

Along the east side of Cottonball Basin gravel is be­
ing washed. from the fans onto the sand of the carbon­
ate zone, and desertholly there is spreading panward at 
the expense of the saltgrass. 

Total ash from saltgrass (table 17) is comparable to 
that from arrowweed and much less than that from 
pickleweed. Although carbonates and silica were not 
determined, the analyses suggest the presence of a 
moderate proportion of carbonates and a very high 
proportion of silica, especially in the tops. Only a small 
amount of carbonate is needed with the sulfate and 
chloride to balance the cations, and the remainder of the 
ash, more than 50 percent in the tops, probably is largely 
silica (table 25). 

Saltgrass roots have a high ratio of alkalis to calcium 
in the areas east of Cottonball Basin, a sodium car­
bonate and sodium sulfate area (sample P10, table 17), 

TABLE 17.-Semiquantitative and partial analyses, in percent, 
of ash of saltgrass 

[Analysts and analytical methods given on p. 3-4) 

P9 P10 P15 P18 P35 P42 
---------------

ca_- --------------- 1.1 2.1 1.1 3.4 14.0 2.2 
Mg __ --------------- .9 1. 2 1.1 1.2 6.8 1.5 
K- ----------------- 2.8 17 .68 3.1 2.0 2.8 
Na __ --------------- 5.3 5.6 2.8 9.2 4.0 6.4 
S04----- ------------ 3.5 3.5 2.0 5.5 6.0 7.0 
CL _____ ---- _ ------- 5.2 9.2 3.2 11 6.8 14 
Cu __ --------------- .006 .003 .002 .006 .002 .003 
Pb __ --------------- <.002 <.002 <.002 <.002 <.002 <.002 
Zn _____ ----------- __ .002 .002 .002 .002 .005 .008 
NL ___ -------------- <.002 <.002 <.002 <.002 <.002 <.002 
Mo _______ ---------- . 001 .001 <.001 <.001 <.001 <.001 
Zr _______ ----------- .003 .03 .003 .005 .015 .002 
Fe _____ ------------- . 7 5.0 .5 1.0 2.0 .5 
Mr _ ---------------- .07 .05 .05 .07 .03 .2 Cr ___________ ----- __ .002 .005 <.002 .002 .005 .002 
v ------------------- .001 .007 .001 . 001 .007 <.001 
y-- --------------- .001 .005 .0015 . 001 .002 .001 
T ------------------- .07 .3 .07 .1 .15 .05 
B ------------------- .07 .1 .07 .2 .07 .07 
Ba __ --------------- .02 .07 .01 .03 .07 .01 
Sr __ ---------------- .1 .07 .05 .07 .2 .3 Total ash ___________ 7. 7 40.0 15.0 11.0 16.0 11.0 

P9. Tops; at Salt Springs; SEUSEU sec. 20, T. 28 N., R. 1 E. Compare with R10, 
table 18. 

P10. Roots at No.9. 
P15. Tops, very dry; toe of Cow Creek fan; NWUNWU sec. 4, T. 27 N., R. 1 E. 
P18. Tops; at spring at west edge of hill at Harmony Borax Mill; NWUNWU sec. 9, 

T. 27 N., R. 1 E. 
P35. Roots (rinsed); marsh east of Gravel Well. 
P42. Tops; in marsh in cove next north of Coffin Canyon. Compare with pickleweed 

P41, table 13. 

whereas the ratio is reversed in roots on the west side 
of Bad water Basin (sample P35, table 17) where the 
carbonates and sulfates in the soil are those of calcium 
(table 17). 

Some analyses of soils from around the roots of salt­
grass are given in table 18; analyses of water at some 
stands of saltgrass are given in table 19. 

SACATON GRASS (Sporobolus airotdes) 

At a few places in the phreatophyte belt around the 
edge of the saltpan, especia.lly near Eagle Borax and 
Bennetts Well (fig. 31), stands of sacaton grass are 
sufficiently extensive to be shown on the map (pl. 1). 

TABLE lB.-Semiquantitative and partial analyses of acid-soluble salts, in percent, in soils around the roots of saltgrass 

[Analysts and analytical methods given on p. 3-4] 

R10 Rll S1 S2 

Ca ___________________ --------- ___ 5 7.5 2.2 1.1 
Mg_~---- ------------------------- . 7 2.0 1 .8 
K ____ ------- --------------------- .5 .5 .3 .3 N a ____________________ - __ - __ ----- .6 .5 1 17 
COa _____ ------- _ ---------------- 5.0 13 2.2 1.6 
S04_- ---------------------------- 1. 2 .6 2.4 25 
CL ___ --------------------------- 2.0 2.2 5.8 4.4 
B_------- ------------------------ .03 .02 .1 .1 TL _____________ - __ - __ ------- ---- .2 .1 .3 .15 
v -------------------------------- .003 .003 .007 .005 Mn _____________ ------- ________ -- .07 .05 .07 .05 
NL __ -------------------- ___ - ---- .001 .0005 .003 .001 Sr _____ ------------ ______________ .07 .3 .02 .03 Ba _______________________________ 

.05 .05 .03 .02 
Total soluble salts_-------------- 15.45 27.00 15.4 50.5 

R10 By old road, at inner edge of saltgrass at Salt Springs, 2 miles north of National 
Park Service Headquarters; water in gravel 3 ft below surface. (See W9g, 
table 19.) Soil below the caliche layer and around the roots of saltgrass at 
P9, table 17. 

Rll Sand and silt channel sample, 24 in. deep; in saltgrass area at mouth of Cow 
Creek. W20g, table 20, is ground water sample from this sand and silt. 

S1 Carbonate zone; damp sand under the calichelike layer. 750 ft southeast of 
bench mark 241, EH sec. 11, T. 16 S., R. 46 E. (Compare with S2.) 

S2 Calichelike layer in carbonate zone at Sl. 

S3 S4 S6 S8 S137a S137b S137c 

0.5 2.1 0.3 1.1 >10 10 5 
.4 1. 3 .1 .5 .3 . 2 2 
.2 .2 4.5 .8 .13 <.1 .3 

28 1. 3 33 26.0 4.9 1.2 .7 
.6 2.8 5.8 5.8 <.2 .2 8.2 

34 6. 7 16 10 30 37 17 
3.8 2.4 33 24 3.4 2.4 1.0 
. 75 .05 .3 .7 .03 .005 .02 
.03 .3 . 01 .3 .01 .007 .05 
.001 .01 <.001 .01 .002 <.002 .003 
.005 .07 .001 .01 .001 .001 .01 

<.0005 .002 <.0005 <.0005 <.0005 <.0005 <.0005 
. 01 .1 .01 .02 .5 .15 .05 
.007 .05 .001 .01 .002 .002 .05 

67.6 17.5 97.8 68.7 49.5 51.3 34.3 

S3 Calichelike layer in carbonate zone, 6 in. thick. SEU sec. 11, T. 16 S., R. 46 E. 
S4 Sand in carbonate zone, underlies the calichelike layer. SWU sec. 12, T. 16 S., 

S6 E:or!c!nce on flood plain at Salt Springs. SEU sec. 20, T. 28 N., R. 1 E. 
S8 Sand. NE!4 sec. 29, T. 28 N., R. 1 E. 
S137a Marsh, with pickleweed, saltgrass, and rush; crust on lumpy salt structure. 

~mile east of Gravel Well. 
S137b Interior of lumpy salt structure at S137a. 
S137c Mud underlying the marsh salts at S137a. 
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TABLE 19.-Semiquantitative and partiaZ analyses, in percent, 
of ground water and surface water at some stands of salt­
grass 

[Analysts and analytical methods given on p. 3-4. Samples collected January­
February 1957, a wet year] 

W7g W9g W17g W23s W60g W65g W71s W93g 
--------------

ca ____________ 0.003 0.002 <0.001 0.001 0.04 0.03 0.07 0.15 Mg ____________ .001 <.001 <.001 .001 .04 . 01 .04 .03 
K------------- .04 .11 .06 .03 .10 .02 .10 .05 Na ____________ .4 .86 .84 .42 1.5 .54 2.3 1.1 
S04- ---------- .5 1.2 .2 .7 .2 .3 1.2 .2 
CL _ ---------- .02 .01 1.2 .2 1.6 1.1 1.6 2.8 
B- ------------ .001 . 001 . 004 .003 .001 <.001 .003 <.001 Sr _____________ <.001 <.001 <.001 <.001 .01 .007 .005 .02 
Total dis-

solved solids_ 1.3 2. 7 2.4 1.3 4.8 1.8 7.1 4.2 pH ____________ 8.1 8.0 8.5 8. 5 7.0 7.0 7.4 6.8 

W7g. Ground water in gravel 3 ft below surface at boundary between xerophyte and 
phreatophyte zones; 200 ft east of W9g. 

W9g. Ground water 10 in. below surface; mixed saltgrass and rush. SE~ sec. 20, T. 
28 N., R. 1 E. 

W17g. Ground water 1ft below surface; saltgrass. NE~ sec. 32, T. 28 N., R. 1 E. 
W23s. Surface water, saltgrass growing in it. NE~ sec. 4, T. 27 N., R. 1 E. 
W60g. Marsh in cove north of Coffin Canyon; mixed saltgrass, pickleweed, and rush. 
W65g. Marsh at Coyote Hole 4 miles southeast of Monmon Point; mixed saltgrass, 

giant reed grass, rush, and pickleweed. Compare with W66g and W67s, 
table 12. 

W71s. Surface water ponded in Amargosa River; mixed saltgrass and pickleweed. 
SE~ sec. 22, T. 22 N., R. 2 E. 

W93g. Marsh ~mile east of Gravel Well; mixed saltgrass, rush, and pickleweed. 

Sacaton grass occurs locally with other phreatophytes 
near Shortys Well and at the mouth of Cow Creek, 
but it is not ·abundant. 

The sacaton grass grows in dense clumps Vf2 feet 
wide; the grass is 4 feet high. No analyses of the grass 
or of the ground in which it grows were obtained, but 

the location of the stands is like that of arrowweed, and 
the ground and ground-water probably are as saline 
as in the areas of arrowweed. If so, the amounts are 
somewhat grea;ter than have been reported elsewhere 
(Robinson, 1958, p. 39) . 

There is some question whether the sacaton grass in 
Death Valley is native or was introduced by Indians. 
Yuma Indians who frequented Death Valley raised 
sacaton grass (Forde, 1931, p. 114; Hunt, A. P., 1960, 
p. 15-16), and a reason for suspecting tha·t they may 
have introduced the grass in Death Valley is the f.act 
that the grass is restricted to those places most frequent­
ed by the Indians. The grass was used for its seed, 
and the long stalks were used to line pits for storing 
mesquite beans (Hunt, A. P., 1960, p. 177-188). 

ARROWWEED (Pluchea sertcea) AND FOUR-WING 
SALTBUSH (Atriplex canescens) 

Arrowweed (Plu.chea sericea) (fig. 32) and four­
wing saltbush (A triplew canescens) (fig. 33) grow on 
the saltpan side of the honey mesquite. Both the 
ground and the ground water are more saline than 
where there is mesquite. The ground under four-wing 
saltbush is much sandier than that under arrowweed; 
in Death Valley the ground under arrowweed cont'ains 
a good deal of silt, ·and the surface is roughened and 

, ·~. -Jk-:..;..:..._.r 

FIGURE 31.-Alkali sacaton grass (inset) and view southwest across a pure stand of the grass in front of honey mesquite near 
Bennetts Well. Salinity of the ground water at this place probably is more than 0.03 percent and less than 0.5 percent. 
Sketch by John R. Stacy, from photograph. 
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---------

FIGURE 32.-Arrowweed. (inset) and view southeast across arrowweed (a) stand (right) north of Tule Spring. Pickleweed (p) 
at left extend eastward to the edge of the saltpan. Mesquite trees (m) are at Tule Spring. Sketch by John R. Stacy 
from photograph. 

FIGURE 33.-Four-wing saltbush (inset) and view of mixed four-wing saltbush (4) and honey mesquite (m) along Salt Creek 
between the Salt Creek Hills and saltpan. Sketch by John R. Stacy, from photograph. 
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covered by a crumbly crust of salty silt. In Death 
Valley, four-wing saltbush is most common in those 
parts of the phreatophyte zone that adjoin stands of 
cattle spinach. Four-wing saltbush grows in sub­
stantial stands at four places: at the mouth of Salt 
Creek, on part of Furnace Creek fan, between the cat­
tle spinach and pickleweed southeastward from Salt 
Well, and along the Amargosa River. 

The ground surface in these are·as is smooth and 
slopes gently pan ward. Microrelief usually is no more 
than a few inches except where sand is heaped around 
the plants. The area known as the Devils Cornfield, 
located by State Route 190 where it crosses Salt Creek 
a few miles west of the area shown on plate 1, is an 
extreme example of this. The mounds there ~are several 
feet high. In the ·area shown on plate 1 the mounds 
at the shrubs are only a foot or so high. 

Except on Furnace Creek fan, well-defined washes 
in these areas are few. The slight wrinkling of the 
surface because of salt heaving in the surface layer 
is ·sufficient to disintegrate drainage that collects on 
the ground, and probably there is little surface run­
off; most of the water seeps into the ground. 

Total dissolved solids in ground water under arrow­
weed :vanges from 0.2 to 1.8 percent. (See table 20; ·also 
transects D and E, fig. 23; transeets A ~and B, fig. 24; 
and transect F, fig. 26.) The general quality of the 
ground water also can be estimated from the 'analyses 
of sam pies from neighboring locations. (See table 22 
for ·analyses of water under the honey mesquite and 
table 12 for analyses of water under pickle weed.) 

TABLE 20.-Semiquantitative and partial analyses, in percent, 
of surface and near-surface brines in stands of arrowweed 

[Analysts and analytical methods given on p. 3-4. Samples collected January­
February 1957, a wet year] 

W1s 

Ca ____________________________________ _ 
~g ____________________________ --------
K _______ - - - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 0. 06 
Na____________________________ . 5 
804---------------------------- . 4 Cl_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . 7 
Total dissolved solids____________ 1. 8 
pH ____ ------ ________________ -_ 7. 8 

W20g 

0. 001 
. 004 
. 01 
. 12 
. 05 
. 02 
. 38 

8. 2 

W102g 

0. 001 
. 001 

. 04 

. 10 

. 20 
6. 8 

W1s. Surface water, Salt Creek at bridge 1,000 ft southeast of McLean Spring· at 
west edge of Salt Creek Hills; arrowweed, pickleweed, and saltgrass on the 
flood plain here. 

W20g. Grounrt water 10 in. below surface at boundary between arrowweed and salt­
grass; near mouth of Cow Creek NW~ sec. 4, T. 27 N., R. 1 E. 

W102g. Tule Spring. 

Water-soluble salts in the surface layer of the soil 
around arrowweed are as high as 9 percent (by volume) 
and generally exceed 3 or 4 percent. Where the ground 
is very saliferous the arrowweed may be accompanied 
by some saltgrass and pickleweed. These salts however 
are concentrated in the top one-half inch; the amount 

decreases rapidly downward. A few inches below the 
surface the quantity of soil salts (by volume) is less 
than 1 percent and at the water table is less than half 
a percent. 

Chemical composition of the soils around arrowweed 
is intermediate between that around honey mesquite 
(table 23) and that around pickle weed (table 14) . 

Stands of arrowweed are open; the crowns rarely 
touch. A good stand includes 75 to 100 shrubs per acre. 
Saltgrass is common both with arrowweed and four­
wing saltbush; inkweed is not uncommon with arrow­
weed. Pickleweed also grows with these plants, which 
end panward in a sharp boundary at the edge of pure 
stands of picklewood. This boundary represents the 
panward limit of the arrowweed or four-wing saltbush 
and not the limit of the pickleweed. 

The boundary between the arrowweed and pickleweed 
is definite within a width of about 100 feet, and it 
appears to be stable. No evidence was found indicating 
a shift of its position either towards the salt pan or a way 
from it. The boundary between the arrowweed and 
mesquite is equally definite. Where mesquite has died 
and where the dunes have become reduced in height 
and stabilized, arrowweed has moved onto the ground 
formerly occupied by honey mesquite. 

On the east side of Cottonball Basin, below the dunes 
with honey mesquite, Recent gravels are being washed 
onto the sandy, arrowweed ground. At this place the 
arrowweed has retreated pan ward and has been replaced 
by desertholly (fig. 23D), a plant succession determined 
by geologic causes. 

Generally the arrowweed ends panward at pure 
stands of pickleweed, but on the east side of Cottonball 
Basin it is bordered by rush and saltgrass (fig. 23D and 
E). The three plants may grow on the same mound, 
and the rush and saltgrass survive even after the arrow­
weed has died. 

The animal population in arrowweed stands is small, 
probably because the ground is more saline than in the 
nearby areas where there is honey mesquite . 

Arrowweed has moderate ash content (table 21) . 
Sulfate is high; the chloride content is low. Carbon­
ates and silica were not determined but they too must 
be low (table 25). Apparently the high sulfate con­
tent affects palatability because the plants are little 
browsed even though there is little other green food in 
the area. The Indians preferred the salt-rich alkali 
sacaton or desertholly for lining mesquite pits (Hunt, 
1960, p. 177-188); perhaps the sulfate-rich arrowweed 
imparts an undesirable flavor to the mesquite beans. 

The proportion of the different cations in the ash is 
of interest, for the alkalis greatly exceed calcium in the 
specimen from the Cow Creek Marsh ( sa1nple P16, table 
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TABLE 21.-Semiquantitative and partial analyses, in percent, of ash from arrowweed and four-wing saltbush 

[Analysts and analytical methods given on p. 3-4] 

Arrowweed Four-wing 
saltbush 

P16 P25 P28 P31 PlOl P117 P109 

Ca _______________________________________ _ 
7 
4.8 

11 
15 
20 

18 18 13 4.4 10 9. 2 
~g ______________________________________ _ 
]{ ________________________________________ _ 4. 1 

7. 2 
6.2 

4.2 
6.4 
8 

5. 3 
11 

9. 2 

2.8 5. 1 3. 8 
2. 0 4.2 13 
4.6 14 17 ~a----------------------------------------

804--------------------------------------- 40 37 48 9. 1 45 5. 5 Cl _______________________________________ _ 
Cu _______________________________________ _ 
Pb _______________________________________ _ 
Zn _______________________________________ _ 

~i------------------------- - - - - -- - - - ----- - - -- -
~0---------------------------------------Zr _______________________________________ _ 
Fe _______________________________________ _ 

~n----------------------------------------Cr _______________________________________ _ 
v ________________________________________ _ 
1{ ________________________________________ _ 
Ti _______________________________________ _ 
B ________________________________________ _ 
Ba _______________________________________ _ 
Sr _______________________________________ _ 
Total ash _________________________________ _ 

6. 4 
. 006 
. 002 
. 015 
. 002 
. 006 
. 001 
.7 
. 05 
. 002 
. 001 
. 001 
. 05 
. 07 
. 015 

1 
8 

Pl6. Tops; edge of carbonate marsh at mouth of Cow Creek; NW~ sec. 4, T. Zl N., 
R.l E. 

P25. Tops; 100 feet south of Shortys Well. 
P28. Tops; at Tule Spring. 

21), whereas calcium exceeds the alkalis in the speci­
mens from the west side of Bad water Basin (samples 
P25, 28, and 31, table 21; see also table 25). The Cow 
Creek Marsh is a sodium carbonate and sodium sulfate 
marsh whereas the west side of Badwater Basin is an 
area high in calcium carbonate and calcium sulfate. 
The uptake of sulfate by arrowweed is high and about 
the same in both areas; at Cow Creek, however, it is 
alkali sulfate whereas on the west side of Badwater 
Basin the sulfate is that of calcium. If the soil moisture 
in both areas is saturated with sulfate, as seems likely, 
the sulfate content must be very much greater in the 
Cow Creek area than along the west side of Bad water 
Basin, because of the greater solubility of sodium sul­
fate. Since the sulfate content of the plants in both 
areas is the same, the plants in the Cow Creek area 
would appear to be rejecting considerable sulfate in the 
soil solution. 

A similar difference in proportion of calcium to so­
dium has been noted in analyses of roots of saltgrass 
from the two areas (p. 36). 

The specimen from Cow Creek, like the desertholly 
in that area (p. 16), is high in molybdenum, as is the 
ground water there. 

Arrowweed contains more copper and zinc than do 
the other plants tested. The single specimen of roots 
that were analyzed (table 21, sample P101) contains a 

9.6 8 6. 8 7 4. 3 12 

11 

. 02 

. 002 

. 01 

. 004 

. 001 

. 001 

. 5 

. 05 

. 002 

. 001 

. 001 

. 05 

. 1 

. 02 

.5 

. 015 

. 002 

. 018 

. 002 

. 001 

. 001 

.5 

. 03 

. 002 

. 001 

. 001 

. 03 

.7 

. 015 

.7 
10 

. 02 

. 002 

. 008 

. 004 

. 001 

. 001 

.5 

. 03 

. 002 

. 001 

. 001 

. 03 

. 1 

. 01 

. 5 
12 

. 005 ----------. 002 ----------

. 02 ----------

. 001 ----------

. 0015 ----------

. 015 ----------
05 ----------
003 ----------
002 ----------
001 ----------
15 ----------
02 ----------
03 ----------
2 ----------

45 12 

P31. Tops; at west edge of mesquite west of Tule Spring. 

17 

PlOl. Roots; flood plain of Salt Creek 1 mile northwest of McLean Spring. 
Pl17. Tops; from travertine mound at Nevares Spring. 

. 003 

. 0015 

. 02 

. 0005 

. 0005 

. 003 

05 
002 
001 
001 
02 
1 
003 
7 

P109. Tops; of four-wing saltbush, by Salt Creek 1 mile east of the Salt Creek Hills. 

much higher proportion of chloride to sulfate than do 
the tops. 

Only one specimen of four-wing saltbush was an­
alyzed (table 21, sample P109). It contains about the 
same amount of ash as do the tops of arrowweed but 
contains more chlorides than sulfates. 

HONEY MESQUITE (Prosopis juli:O.ora) 

Honey mesquite ( Prosopis juliflora) grows around 
the edge of the saltpan where ground water is shallow 
and not too saline (fig. 22). Mesquite roots may extend 
as deep as 50 feet (Meinzer, 1927; Robinson, 1958), but 
at the honey mesquite stands around the edge of the 
Death Valley saltpan the water table is much nearer the 
surface than this. Nevertheless the roots grow to enor­
mous lengths. Coville (1893, p. 47) found one 51.8 feet 
long and lf2 inch thick at the small end. I have meas­
ured runners 30 feet long and 14 inch thick. 

Honey mesquite is the least salt tolerant of the 
phreatophytes growing at the edge of the saltpan. 
Table 22 gives some analyses of ground water from 
these stands in general the water contains less than half 
a percent of dissolved solids. 

Several of the different kinds of environments that 
support mesquite are illustra.t.ed in the transects across 
the east edge of Cottonball Basin and across the west 
edge of Bad water Basin (figs. 23, 24, 26) . Most of the 
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TABLE 22.-Serniquantitative and partiaZ analyses, in percent, 
of ground water un.der h-oney mesquite 

[Analysts and analytical methods given on p. 3-4. Samples collected January­
February 1957, a wet year] 

Salt Well Bennetts Eagle 
(W74g) Well Borax 

ca_- ---------------­
Mg_ ----------------­
K_ ------------------
N a _____ -------------
S04- ---------------­
CL _ ----------------
Total dissolved 

solids ___ ----------
pH _______ -----------

0.04 
.008 
.01 
.14 
.10 
.20 

.6 
6.8 

0.003 
.001 

.20 

.01 

.03 
7.9 

Salt Well; water 9ft below surface. 
Bennetts Well; water 6.6 ft below surface. 
Eagle Borax; spring water. 
Shortys Well; water 6ft below surface. 
Mouth of Cow Creek. 

0.01 
.003 
.01 
.09 
.20 
. 01 

.54 
6.9 

Shortys Mouth of 
Well Cow Creek 

(W19g) 

0.007 0.001 
.003 .001 
.01 ------------
.01 ------------
.06 .20 
.02 .02 

.07 .15 
6.9 7.5 

mesquite is on stabilized sand dunes 10 to 20 feet high 
and 50 to 75 feet wide (fig. 34). At the foot of the 
Johnson, Starvation, and Hanaupah Canyon fans, the 
ground water is in sandy and silty playa beds under­
lying the dunes (fig. 26) ; near National Park Service 
Headquarters (fig. 24) the ground water is perched on 
top of tlie playa beds and at the base of gravel. Still 
a different type of environment is represented by the 
stands of honey mesquite between Gravel Well and Ben­
netts Well and those north of Tule Spring. At these 
places the trees are on silty ground covered with a salt 
crust, but evidently the mesquite roots are in buried 

gravel or sand-channellike aquifers containing water 
without much salt-for the trees are alined as if along 
buried channels (fig. 35). 

Although the dune sand is even-textured clean sand, 
it contains much organic matter in layers of leaf litter 
that have become buried by the shifting sand. The 
organic matter is dry and decays slowly. The dunes are 
largely stabilized and do not provide good examples of 
plants adapted to active sand dune. (See Cowles, 
1899; Kurz, 1942.) 

The honey mesquite that grows on salt-crusted ground 
is accompanied by few other shrubs, mostly pipkleweed, 
but locally arrowweed. The mesquite in the dunes how­
ever has a considerable variety of associated shrubs in­
cluding arrowweed, four-wing saltbush, inkweed, saca­
ton grass, saltgrass, and the xerophytes desertholly, 
creosotebush, and cattle spinach. These shrubs and 
grasses are mostly in the depressions between the dunes 
and are not, strictly speaking, an understory beneath the 
mesquite. If the scale of the map (pl. 1) were larger 
many of these areas between the dunes could be shown 
separately. 

Some of the highest ground temperatures in Death 
Valley are on dunes. No measurements have been made 
in summertime on this kind of ground, but ground­
surface temperatures on the sand in February are as 
high as 170.0F. 

FIGURE 34.-Honey mesquite leaf and bean (inset) and view across stabilized sand dunes with mesquite (m) on Furnace 
Creek fan. Desertholly (h) in foreground. Sketch by John R. Stacy, from photograph. 
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FIGURE 35.-Map showing distribution of honey mes­
quite in the Vicinity of Tule Spring. The creosote­
bush is in the gravel; the honey mesquite and 
arrowweed are in sandy ground ; the pickleweed is in 
silt. The ground slopes east from about 250 feet 
below sea level where there is creosotebush to about 
270 feet below sea level in the saltpan. Boundaries 
limiting the plants are remarkably straight except 
for the east edge of the mesquite. Stands of mes­
quite that extend east probably mark the position 
of aquifers-channellike deposits of gravel that are 
discharging good quality water under the arrow­
weed and pickleweed, both of which are in highly 
saliferous ground. (For general pattern see tran­
sect, F, fig. 26.) 

These dunes with mesquite trees show some striking 
differences in the microclimate of the ground surface 
and of the air near the ground. Figure 36 illustrates 
some variations that were measured at one of the dunes 
at a time when .the air temperature was not quite 70°F. 
Despite the considerable differences between the north 
and south sides of the dunes there are no noticeable 
differences in the distribution of the perennial shrubs. 
Evidently, the range of microclimate around the dunes 
is well within the range of tolerance of the perennial 
shrubs associated with the honey mesquite. 

N 

FIGURE 36.-Variations in temperature (in °F) measured at a 
sand dune covered by honey mesquite, 1 : 30 p.m., November 
22, 1957. Location is by' Salt Creek at west edge of ·Salt 
Creek Hills ; altitude 90 feet below sea level. 

The dunes with honey mesquite provide homes for a 
considerable population of rodents and other small 
mammals (Grinnell, 1937). Many or most of the ro­
dents are nocturnal. They live in the highly humid 
deep parts of the dunes and some need no drinking 
water (Schmidt-Nielsen and Schmidt-Nielsen, 1950) . 
Birds and insects too are abundant in these places; there 
are few lizards or snakes. 

Although the limits of the honey mesquite are sharply 
defined, they are sinuous in detail and the positions 
shown on the map (pl. 1) are inexact, partly because 
small areas had to be exaggerated to be shown and part­
ly because many small areas between dunes are without 
mesquite. The area of the honey mesquite is substan­
tially less than would appear from the map. 

In much of the Southwest, mesquite is said to be 
spreading, especially in the eastern part of the range 
(Dayton, 1931, p. 76) but in Death Valley, at many 
places around the saltpan, the mesquite stands are de­
teriorating. At the north end of the valley, where Salt 
Creek discharges to the saltpan, there is a belt of sand 
dunes with honey mesquite. Several of the mesquite 
trees at the west end of the belt and at the east end are 
dead; the present area of live trees is less than half what 
it has been. At the foot of the fan at Blackwater Draw 
are several patches of dead mesquite. North of Tule 
Spring are numerous dead mesquite trees west of the 
present stand. A mile south of Gravel Well, some old 
dunes, evidently once covered by mesquite but now 
covered only with pickleweed, contain stone tools of the 
Death Valley III occupation (A. P. Hunt, 1960), prob­
ably dating about A.D. 1000. Mesquite trees more dead 
than alive are in the wash high on the gravel fan 3 miles 
south of west of Bennetts Well. Mesquite on Furnace 
Creek fan (fig. 34) also has retreated, but that area has 
been disturbed by cutting for firewood, by diversion of 
the water supply, and by Indians who burned themes­
quite when hunting rabbits and rodents (Spears, 1892, 
p. 77). Most of the change there may be due to inter­
ference by man. The only places where new growth 
of mesquite has been observed is at the edge of the salt­
pan below Park Service Headquarters, an area dis­
turbed by irrigation at headquarters. One young mes­
quite was noted in the wash below Barrell Camp on the 
west side of Cottonball Basin. No other compensating 
areas of discernible advance of the honey mesquite were 
found, but whether the general deterioration is attribut­
able to d~crease in water supply or increase in salinity 
of the ground water is not known. 

In some places the mesquite has become isolated be­
cause the gravels and the xerophytes have spread pan­
ward onto the ground of the phreatophytes. Best 
example of this is at the dunes a mile northwest of 
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Park Service Headquarters (fig. 23D). The dunes and 
their honey mesquite are isolated by gravel having a 
stand of desertholly; the gravel and the "holly" are 
advancing westward onto the sand facies of the car­
bonate zone which supports a stand of arrowweed. This 
feature is on a scale sufficient to show on the map (pl. 1). 

Although the ground water under the honey mesquite 
contains, in general, less than half a percent of dissolved 
solids (table 22) , the water-soluble salts in the surface 
layers of soil between dunes may total a few percent by 
volume. (See, for example, transects at Shortys "\Veil 
and Tule Spring, fig. 26E, F.) 

Some semiquantitative partial chemical analyses of 
acid-soluble salts in soils at stands of honey mesquite 
are given in table 23. Some of the ground is high in 
sodium chloride (S25, 8156). At other places it is high 
in sodium sulfate ( S17, S20), and at still other places 
it is high in calci urn sulfate ( S148a-d) . In general, 
this ground contains more carbonate and less chloride 
than does the ground at the other phreatophytes1 but 
no doubt the distribution of mesquite has been controlled 
more by the quality of the ground water than by the 
composition of the soils. 

MIXED STANDS 

Springs on the gravel fans have mixed stands of 
phreatophytes (pl. 1), and these are the only places in 
Death Valley where the vegetation can be described 
as dense. At these springs the crowns commonly touch 
and the growth may be sufficient to cause difficulty get­
ting through it. These stands are a mixture of many 
species including some trees. The plants are mostly 
phreatophytes but include some xerophytes. Common 
phreatophytes are : 

honey mesquite (Prosopis juliflora) 
screwbean mesquite (Prosopis pubescens) 
desert baccharis ( B acchm·is sergiloides) 
arrawweed ( Pluchea sericea) 
alkali sacaton grass (Sporobolus a·iro·ides) 
saltgrass ( Distichlis stricta) 
rush (Juncus Oooperi) 
tamarisk ( Tamari(J) gallica) 
four-wing saltbush (Atriple(J) canescen.<J) 
common reed grass (Phragmites communis) 
rabbitbrus:h ( Ohrysothamnus sp.) 
sedge (Scirpus sp.) 
cattail (Typha angustifoUa) 
inkweed. (Suaeda sufjrutescens) 

Several or most of these plants are at N evares Springs 
and at the several springs along the washes below it. 
Others are at Travertine Springs and at Texas Spring. 
They are also represented, although the stands am less 
dense and contain fewer species, at Table Spring and 
at Scraper Spring. 

An altitudinal zoning can be observed in these mixed 
stands. The lowest springs on the gravel fans are 
characterized by honey mesquite; those higher on the 
gravel fans have in addition screwbean mesquite: and 
those in the mountains only a little higher than the fans 
have willows. 

Water at the springs on the gravel fans is of good 
quality, and contains only about 600 parts per million 
of dissolved solids (table 24). 

These mixed stands of phreatophytes are in three 
kinds of environments: on mounds of travertine where 
some springs discharge, in bottoms of broad deep washes 
below the springs where there is underflow in the Re­
cent gravel in the bottom of the wash (see areas I, II, 
and V in transect 0, pl. 2), and on hillsides where 
springs issue from gravel deposits overlying imperme-

TABLE 23.-Semiquantitative and partial analyses of acid-soluble salts, in percent, in sails at stands of honey mesquite 

[Analysts and analytical methods given on p. 3-4) 

Furnace Creek fan 

S17 S20 S59 S60 S61 863 

West side Cotton­
ball Basin 

825 S53 

West side Badwater Basin 

S156 S148a S148b S148c S148d S148e 
-------·1-------------------------------------------
ca_____________________ 2. 9 4.5 8.3 5.1 7.5 7.0 
Mg_____________________ 1. 4 1. 5 3.0 1.8 2.3 2.4 K______________________ . 6 .5 .4 .3 .4 .5 
Na_____________________ 18 16 1.1 7. 2 1.9 1.9 
COs___________________ 13 5.2 9 6 11 9 
SOt-------------------- 26 30 2.1 16 4.9 3.9 
CL-------------------- 3. 0 2.4 10 6 13 9.6 
TotaL----------------- 65. 1 60.3 34.4 42.7 39.3 34.8 

817. Caliche layer of sodium sulfate, 0.5-3 in. below surface, Furnace Creek fan; 
NWUNEU sec. 20, T. 27 N., R. 1 E. 

S20. Caliche layer of sodium sulfate near top of Furnace Creek fan; SEUSEU sec. 
20, T. 27 N., R. 1 E. 

S59. Furnace Creek fan, sand and silt. SWUNEU sec. 28, T. 27 N., R. 1 E. 
S60. Top 4 in. of silt, Furnace Creek fan. S% sec. 28, T. 27 N., R. 1 E. 
S61. Silt, midway between upper and lower edge of mesquite, Furnace Creek fan. 

SWU sec. 28, T. 27 N., R. 1 E. 
S63. Caliche layer 6-14 in. below surface, Furnace Creek fan. SEUSEU sec. 28, 

T. 27 N., R. 1 E. 
S25. Caliche layer impregnated with rock salt at lone mesquite tree by west side 

jeeo trail. SWU sec. 19, T. 17 S., R. 47 E. 

2. 7 7.6 2.0 5.0 5.0 7.5 5.0 3.5 
1.0 4.1 1.2 .8 .5 .8 .5 2.0 
.5 .3 .3 .3 .2 .2 .2 .3 

13 3.5 9 .3 .3 .9 .8 1.6 
4.2 14 1. 6 4.8 1.4 2.4 3.0 3.4 
7.4 4.1 6.4 6.2 12 12 12 3. 7 

19 7.2 13 1. 0 .4 6 6 1.4 
47.9 41.4 34.2 18.3 19.7 23.8 21.7 14.6 

853. Top 10 in. of sandy ground at mesquite grove, including thin salt crust. NEU 
sec. 20, T. 16 8., R. 46 E. 

S156. Sandy ground by mesquite, % mile north of Tule Spring. 
S148a to e. Sandy ground at east edge of the mesquite at Shortys Well a, channel 

sample of top 24 in.; b, salt-cemented layer in a; c, 18 in. of sand overlies 
a; d, 8 in. sand overlies c. 

Sl48a. Sandy ground at east edge of mesquite at Shortys Well. 24 in. of sand at 
bottom of pit. 

S148b. Salt-cemented layer in 148a. 
S148c. Sand 18 in. thick, overlies 148a, contains soft nodules of sulfate salts. 
S148d. Sand 8 in. thick, overlies 148c; contains nodules like 148c. 
S148e. Surface layer 6 in. thick, overlies 148d. 
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TABLE 24.-Partial analyses, in parts per million, of spring 
waters in the Furnace Creek Wash area 

[Samples listed by USGS Nos. Values in parentheses are calculated] 

27/1-25Dl(?) 

Source of water___________ Stream 
flowing on 
bedrock. 

Collection point ___________ Travertine 
Springs. 

Date collected____________ 3-25-54 

27/1-23Rl 

Setting 
box 

Texas 
Springs. 
4-5-57 

28/1-36Gl 

Near 
source 

Nevares 
Springs. 
11-29-56 

Si02--------------------- 43 25 _________ _ Fe___ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ________ _ 
Ca_______________________ 26 35 42 
~g______________________ 22 20 22 
Na______________________ 145 155 138 
K_______________________ 11 12 12 
Li_______________________ . 13 ___________________ _ 

HCOa-------------------- 321 348 317 
COa---------------------- ---------- 0 0 
S04---------------------- 158 160 173 
CL - - - -- - - - - _ - - - - - - _ _ _ _ _ _ 39 43 34 
F________________________ a o a o a 9 
N Oa- - _----- ____ - _- _ _ _ _ _ _ 0 0 1. 8 
B________________________ 0 1. 0 1. 2 
Dissolved solids___________ _ _ _ _ _ _ _ _ _ _ 716 625 
Sum_____________________ 605 (599) 583 
Hardness_____________________________________ 192 

Percent sodium __________ _ 
KX 106 __________________ _ 
pH _____________________ _ 
oF ______________________ _ 
Source of data ___________ _ 

(65) 
949 

8. 05 
90 

1 USGS 

(65) 
1,010 

7. 9 
91 

2 DWR 

I Analyzed in U.S. Geological Survey Quality of Water laboratory. 
2 California Division of Water Resources. 
a California Department of Health. 

(59) 

7. 9 
104 

3 DPH 

able strata. No doubt there is considerable range in 
salinity of the water in different parts and at different 
depths in each of these environments, depending on 
local conditions of discharge and evaporation. Few of 
these plants, though, are salt tolerant. 

The extent of the stands, especially the small ones, is 
exaggerated on the map. At most places the boundaries 
are sharp, but there h~ve been too many artificial 
changes involved in developing the water to determine 
whether these phreatophytes are advancing or retreat­
ing. 

As would be expected, animal life of all kinds gathers 
in these places, chiefly because of the good supply of 
good water but also because the vegetation is dense. 
These places too were sought by the prehistoric occu­
pants of the valley who came partly for the water, 
partly to gather plant foods, and partly to hunt the 
game that was lured there (Hunt, A. P., 1960, p. 190). 

AQUATIC AND MARSH PLANTS 

Numerous marshes at the edge of the Death Valley 
saltpan have growths of algae, but the one at Badwater 
is the only one known to contain truly aquatic flower­
ing plants-that is, plants that grow wholly submerged. 
The aquatic plant at Badwater is ditchgrass (Ruppia 

maritima). Whether it is native or introduced is not 
known; it may have been introduced because the locality 
is a favorite visitors' attraction and the plant is absent 
at the other perennial marshes. If the ditchgrass is 
native, it may be a relict from Recent pluvial times 
when there was more water than now and when the 
aquatic plants presumably were more numerous and 
more extensive. 

The water in which the ditchgrass grows contains 
between 4 and 5 percent of dissolved solids, depending 
on the season and whether the year is a dry or wet one. 
(See table 12, W20-56g and W56g.) 

At other marshes (fig. 37) where the salinity is less 
than about 5 percent (see W60g, W65g, W93g, table 
19), the plants grow with their lower parts submerged 
and their upper parts in the air. The marshes at Coyote 
Hole ( 4 miles southeast of Morman Point) and Eagle 
Borax are unusual in having considerable growths of 
common reed grass in addition to saltgrass, rush, and 
pickleweed. 

BARE AREAS 

From the preceding discussion it will be noted that 
there are two principal kinds of bare areas in Death 
Valley: on one kind, the salt pan,. water is plentiful 
both as shallow ground water and as surface water, 
but the salinity exceeds 6 percent and flowering plants 
do not grow there. The other kind of bare ground is 
on the gravel fans where the supply of vadose water is 
deficient. The deficiency may be due to excessive runoff 
because of an impermeable layer at the surface, or be­
cause of excessive slope. Even where the slope and 
permeability appear favorable, the ground may be bare 
if the catchment area for recharge of the vadose water 
is small. On the gravel fans the bare areas largely 
coincide with the older gravel deposits, whose surfaces 
have a smooth desert pavement. 

FACTORS AFFECTING PLANT DISTRIBUTION 

Factors affecting plant distribution include the cli­
matic conditions, adaptability of the plants, and the 
edaphic factors-that is, those geologic factors which 
pertain to the ground and soil, especially the water 
supply. 

The importance of climate in affecting the distribu­
tion of the largest plant groups-the plant zones (see 
Merriam, 1892, 1898) -shows conspicuously in the 
altitudinal and latitudinal zoning of plants. In the 
Death Valley region the plants can be divided into four 
major altitudinal zones (Coville, 1893, p. 21-24). 

The lowest zone, the Lower Sonoran, is characterized 
by the croosotebush, which occurs from the bottom of 
Death Valley to an altitude of about 4,000 feet on the 
adjoining mountains. In places creosotebush extends 
upward to 5,000 feet. All the plants described in this 
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FIGURE 37.-Rush ( r), saltgrass ( s), and pickleweed (p) in marsh in cove north of the Coffin Canyon fan. In 1956, a dry 
year, the water in the pool between the pickleweed plants contained 4.8 percent total dissolved solids; in 1957, a wet 
year, it contained 4 percent dissolved solids. Sketch by John R. Stacy, from photograph. 

report are part of the Lower Sonoran zone. Next 
higher is the Upper Sonoran zone-characterized by 
shadscale, sagebrush, pinyon, and the California or 
Utah juniper-extends from about 4,000 feet to about 
8,500 feet. In most western mountains the next higher 
zone, the Transition zone, is characterized by the yel­
low pine, but this tree is absent on the Panamint Range 
(Coville, 1893, p. 24). The Transition zone there is 
marked only by the Sierra juniper and mountain-
mahogany. Above 9,000 feet and extending to the 
peaks is the Boreal zone characterized by bristlecone 
pine and limber pine. 

Although climate has caused thi~ altitudinal zoning 
of the plants, the geologic factors appear to have been 
paramount in controlling the distribution of plants 
within the plant zones. The distributions show on 
plate 1 have been controlled by geologic factors, a con­
trol shown conspicuously by the occurrence of xero­
phytes on the gravel fans in contrast to the occurrence 
of the phreatophytes along the foot of the fans, and the 

occurrence only of thallophytic plants on the saltpan 
beyond the 6 percent brine line. 

In other regions plant distribution has been affected 
also by such factors as grazing (Talbot, 1937), tilling, 
burning, parasitism, fallen foliage, and snow (Weaver 
and Clements, 1938; Oosting, 1948; Clarke, 1954). In 
Death Valley, except for the luxuriant growth of in­
troduced plants at the mouth of Furnace Creek and at 
Park Service Headquarters, the introduction of tam­
arisk at Eagle Borax (p. 32), and the possible intro­
duction of sacaton grass (p. 37}, there has been little 
disturbance of the natural vegetation. 

CLIMATIC OR ATMOSPHERIC FACTORS 

The climatic or atmospheric factors affecting plant 
distribution include temperature, humidity, precipita­
tion, light, and wind. Regional differences in these 
factors correlate with the regional and altitudinal zon­
ing of plants (Merriam, 1892, 1898; see also Beadle, 
1951). Within a climatic region and within a plant 
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zone there are local differences in the atmospheric fac­
tors which are on a scale sometimes referred to as micro­
climate, and these differences also correlate with plant 
distribution. 

Within a region like Death Valley, where there are 
basins and mountains, the differences in temperature at 
different altitudes are reflected by differences in the al­
titudinal range of the plant zones. Even within the 
Lower Sonoran zone the plants are zoned altitudinally. 
Going upward from the valley bottom is the zoning 
shown on plate 1 and, according to Went and Wester­
gaard (1949, p. 35), the total number of plants, both 
shrubs and annuals, increases sharply and about dou­
bles at an altitude of 1,000 feet. There is reason to be­
lieve, however, that these altitudinal differences within 
the plant zones shown on plate 1 are due more to water 
supply than to temperature (p. 47). 

The annual range in temperature in Death Valley is 
about 100° F, and the daily range at times is as great as 
50°F, but the plants in the area shown on plate 1largely 
are spared the temperature changes most damaging to 
plant growth-namely, those that involve freezing or 
thawing. For all practical purposes, this occurs only 
on the upper parts of the gravel fans and in the moun­
tains. Plants growing there have a winter resting sea­
son. Plants in the lower parts of the valley, like the 
desertholly and the creosote bush, however, rarely ex­
perience frost, and these plants grow and flower when 
water is available. Even in midwinter the temperatures 
at these altitudes are mild enough to permit plant 
growth. These plants though can survive prolonged 
high temperatures. The very high ground tempera­
tures (up to 190°F) may account for the absence of 
low-growing forms, like grasses. Also, summer annuals 
are lacking (Went and Westergaard, 1949, p. 36), per­
haps beeause of the high ground temperatures. 

Another effect of temperature differences, noticeable 
only in the mountains, is the local inversion of plants 
due to cold air draining down the valleys. Where much 
cold air moves down the valleys, high altitude plants ex­
tend to lower than usual altitudes. A similar inversion 
of plants is observed on the gravel fans (pl. 1) but this 
inversion on the gravel fans seems to be due to vari­
ations in vadose-water supply rather than to differences 
in tern perature ( p. 48) . 

Presumably the general zoning of plants according 
to altitude is due more to te1nperature than to precipita­
tion, because similar changes in plant distribution are 
encountered with change in latitude where precipita­
tion remains constant or nearly so. Some effects of 
rainfall and temperature in Death Valley have been re­
ported by Went and Westergaard ( 1949). They found 
that rain followed by 85°F minimal temperatures re-

suited in no germination. An October rain followed by 
60°F minimal temperature caused germination of creo­
sotebush. A November rain followed by 48° to 50°F 
minimal temperature evidently was too low to cause 
germination of creosotebush but did cause germination 
of winter annuals. It has been shown (fig. 4) that a 
good crop of annuals is obtained only when the winter 
rainfall is 2 or 3 times the average. In years with only 
average rainfall, as in 1956-57, the annuals grow on 
those parts of the gravel fans where surface water ac­
cumulates, as in the shallow swales; uplands between 
the swales remain bare (fig. 7). 

The adaptability of plants to light or shade shows 
conspicuously in forested lands, where there are dif­
ferent stories of trees, shrubs, and herbs. Even a desert 
like Death Valley provides some examples. Annuals 
commonly favor the shady north side of the perennial 
shrubs, lichens grow on the under side of stones at alti­
tudes below sea level, and mosses extend to similar low 
altitudes across the shady north foot of the Panamints 
west of Cottonball Basin. Shadiness though has had 
little or no effect on the distribution of the perennial 
herbs, the woody shrubs and trees, and the parasites. 
All these plants are widely spaced and they seem to re­
ceive about equal light. 

Winds distribute pollen and seeds but also increase 
transpiration and desiccation. Wind causes distorted 
growths, like the so-called "flag" forms of trees in ex­
posed positions. In the sandy zone around the edge of 
the Death Valley saltpan, mesquite trees and some of 
the shrubs may have their roots exposed due to wind 
erosion (fig. 16) or the upper parts of the plants may 
become partly buried by shifting sand. Too, locally 
along the summit of the Panamint Range there is a 
timberline, and this must be controlled more by wind 
than by temperature, for the growing season there prob­
ably averages at least 90 days. 

The distribution of plants that we see today has been 
affected not only by the present climate but probably 
even more by the changes in climate that occurred dur­
ing the late Pleistocene and Recent. The present eli­
mate has I~asted for only 2,000 years. Shortly before 
the Christian Era enough moisture was available to 
form a lake 30 feet deep in Death Valley (Hunt and 
others, 1965b; Hunt, A. P., 1960, p. 289). The several 
thousand years of the Recent that preceded this lake 
seem to have been even drier than the present. Before 
this, in late Pleistocene time, enough moisture was avail­
able to produce deep lakes. 

In late Pleistocene time the plant zones may have ex­
tended 1,500 to 2,000 feet lower than they do now 
(Laudermilk and Munz, 1934; Hansen, 1947; Dillon, 
1956) . Burro weed and incienso ·probably extended far-
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ther down the fans. Also, judging by the response of 
annuals to variations in rainfall under the present cli­
ma;te (fig. 4), we may suppose that there were sub­
stantial stands of annuals most years during pluvial 
times. The phreatophytes around the edge of the salt­
pan were flooded by the 30-foot Recent lake ; these 
plants have again established themselves in their pres­
ent locations during the past 2,000 years. The pure 
stands of desertholly and cattle spinach at the foot of 
the fans are mostly below the high-water mark of the 
Recent lake, and they too must have developed during 
the past 2,000 years. Croosotebush still has not spread 
downward over all the ground that was flooded. 

PLANT ADAPTABILITY TO DROUGHT 

Adaptability of xerophytes to drought is a problem 
for discussion by plant physiologists, not a geologist, 
but a few notes may be pertinent. 

It has been shown that some plants are capable of 
maintaining growth for extended periods with vapor 
as their only source of water, and when vaporous mois­
ture is a va:ilable to roots they may be able to reduce 
the soil moisture below the wilting percentage and even 
below the hygroscopic oapacity (Breazeale, McGeorge, 
and Breazeale, 1951). In addition, some moisture may 
be available to plants in the form of dew, and some may 
be taken directly from the atmosphere in the vapor 
phase. 

There are limits, however, to which even the most 
xeric plants can survive without access to vadose waJter, 
for it has been shown that during wet periods -the 
Death Valley xerophytes can seed themselves and grow 
on ground from which they cannot obtain sufficient 
water to survive during ensuing dry periods (p. 16, 
fig. 7). Moreover, the chemistry of the plant ash shows 
that the principal movement of water is upward, as it 
is in plants growing in humid climates or wet environ­
ments. The composition correlates with the ground on 
which the plants grow, and .there is an increase upward 
of the more_soluble constituents. 

However, the vapor in the soil aJtmosphere may be a 
critical factor enabling desert pl,ants to survive as much 
drought as they do. Even the most xeric plants, of 
course, die quickly when taken from the ground, but 
perhaps they could survive a long time if housed in 
an atmosphere having vapor pressures like those in the 
ground reached by the roots. 

GEOLOGIC (EDAPHIC) FACTORS 

Geologic ( edaphic) factors affecting plant distribu­
tion include the physical, chemical, and hydrological 
properties of 'the substratum. Important physical prop­
erties include texture, toughness, temperature, slope, 

and permeability. Important chemical properties in­
clude the availability of nutrients and toxics. Im­
portant hydrological prope~ties include the 'amount and 
composition of the soil air and soil moisture. 

The texture and tenacity of the substratum determines 
its permeaJbiJi.ty. Loose substrata, like the sand dunes 
on Furnace Creek fan and at the foot of Hanaupah 
and Starvation Canyon fans, favor movement of water 
and air in the ground and are easy for roots to pene­
trate. Such ground favors plants having long much­
branched roots, or runners. Firm clay or silt, on the 
other hand, favors plants with vertical roots. Bare-rock 
surfaces support only lithophytes; such as lichens and 
algae. Some of the salt-crusted areas in the carbonate 
zone, which otherwise are fa vorahle for plant growth, 
are barren. In part this may be because the crust is 
nearly as impenetrable as bare rock. 

Ground temperatures in Death Valley are high, ·and 
temperatures up to 190°F have been recorded. The 
temperatures vary, of course, depending on the ·texture, 
composition, color, porosity, and vegetative cover on 
the ground, but in Death Valley the variation is between 
hot and hotter. The hottest surfaces are sandy ones 
that face south. On gravel fans the hottest ground is 
the dark, smooth desert pavement on the old gravel 
deposits. 

The temper31ture gradient in the ground (p. 7) 
favors plants that root deeply. 

Permeability of the su:bstra;ta is only one of the fac­
tors affecting the amount and availability of soil mois­
ture. The moisture content of a piece of ground a:lso 
is controlled by the slope of the ground surface and hy 
its catchment area both for surface-water runoff and for 
ground water discharge. 

The driest habitats are where the ground is imperme­
able and the slopes are steep, as in the hills of the 
Tertiary silt and clay formations 31bove Artists Drive 
and along Furnace Creek. Such hillsides are bare (fig. 
8A). The well-developed desert pavement on old gravel 
deposits is like an impermeable layer at one surface and 
causes high runoff. Also, these surfaces are dark and 
hot. They are the driest halbitats on the gravel fans and 
are bare except near the foot of the mountains (fig. 8B, 
O,D). 

Gently sloping ground that is moderately permeable 
collects water from other areas. In the saltpan, such 
areas are bare, not because of defi'cient water supply but 
because of excessive salts. On the gravel fans three 
kinds of moderately permeable ground having gentle 
slopes ean be distinguished (fig. 38). On some upper 
Pleistocene gravels the surfaces are roughened with 
natural levees of small boulders and cobbles which con­
centrate runoff in shallow washes between the levees. 
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b 
Wash with Recent gravel and 

desertholly (h); bordered 
by bare low terrace of 
upper Pleistocene gravel (b) 

FIGURE 38.-Diagram illustrating relation between xerophytes and upper Quaternary gravel deposits in Death Valley. 

As illustrated on figure 38, these surfaces support stands 
of shrubs that differ from those in the adjoining washes 
covered with Recent gravel. Creosotebush grows on the 
upper Pleistocene surfaces where the Recent washes 
have stands of burroweed or incienso; desertholly grows 
on the surfaces where the washes have creosotebush ; 
but the surfaces are bare where the washes have desert­
hoHy. Surfaces on the old gravels also are bare. 

These differences in distribution of individual spooies 
correlate also with differences in the number of species 
and density of growth in the different habitats. The 
plants capable of surviving in dry habitats extend into 
the less dry ones, and as a consequence the number of 
species increases as the available moisture increases. 
The densest growths and largest number of species are 
in the washes. The benches high on the fans have less 
dense growths and fewer species than the washes. The 
least dense growths and fewest species are at the foot 
of the fans. 

The differences in vegetation on the three kinds of 
gravel where slopes are comparable correlate with dif­
ferences in availabH~ty of soil moisture which in turn is 
controlled by differences in permeability of t:he top 
layers of the ground and differences in the topographic 
situation that affect the catchment area for surface­
water runoff. 

Where ground is permeable and slopes are steep, as 
in hills of Precambrian and Paleozoic rocks and in hills 
of Tertiary volcanic rocks, conditions are marginal 
even for the xerophytes. They seed and advance onto 

such areas in wet cycles, but locally they are not able 
to survive protracted periods of drought (fig. 7). 

Density and kind of vegetation on permeaJble ground 
where slopes are moderate depend on the catchment 
area. The tops of gravel benches having small catch­
ment areas may be bare whereas similar ground that 
collects runoff from bordering hills may support healthy 
stands of xerophytes. Recent gravel in the washes is 
loose and has greater catchment areas than other parts 
of the fans. The veg~ation in these areas is more 
closely spaced and species more varied than in other 
parts of the fans. 

Ground conditions, however, rarely are homogeneous 
to the depths penetrated by plant roots. Impermeable 
layers alternate with permeable ones; tough layers 
alternate with layers that are easily penetrated by roots, 
and, in Death Valley, saline layers alternate with non­
saline ones. 

An impermeable layer at the surface causes excess 
runoff and prevents infiltration of water. Such sur­
faces, typically covered with desert pavement, occur 
on the old gravel deposits on the gravel fans (fig. 39), 
and they are bare except on the uppermost parts of 
the fans. 

Impermeable layers below the surface collect vadose 
water in a perched ephemeral water table (fig. 39B). 
In the vicinity of Cow Creek and the East Coleman 
Hills the gravels are only a few feet thick and overlie 
fine-grained Tertiary formations. Roots of xerophytes 
that penetrate these gravels spread at the contact 
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An impermeable layer at the surface like well-formed desert 
pavement causes runoff, and such surfaces are bare 

A buried impermeable layer collects water in a perched water 
table, where lateral spreading of roots is favored. This 
condition favors those xerophytes that generally are re­
stricted to washes 

Buried tough layers, like caliche, may be broken by fissures 
that serve as channels for water seeping into the ground. 
Root systems in such ground have a rectangular habit; 
laterals spread on top of the tough layer and vertical 
branches extend downward along the fissures. Desert 
holly, creosote bush, and probably the other xerophytes 
have such root systems 

Ground within the capillary fringe having saliferous layers 
alternating with nonsaliferous ones, commonly has a mixed 
community of phreatophytes with different salt tolerances. 
Roots of the more salt tolerant plants spread in saliferous 
layers; roots of the non-salt tolerant plants spread in the 
less saliferous layers 
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FIGURE 39.-Inhomogeneities in the ground affect plant occurrence and the depth, lateral spread, and general pattern of 
root systems. 

between the permeable gravel and underlying imper­
meable fine-grained beds. Roots of the creosotebush 
have been traced to depressions in the top of buried 
caliche layers (Cannon, 1911). In terms of wruter avail­
able for plant growth these situations are similn-r to 
localities where surface catchment areas are large, be­
cause subsurface impermeable layers collect water from 
the ground above and such contact favor lateral spread­
ing of roots. Where there is a buried hardpan the 
roots of perennials may reach no deeper than those of 
annuals (Cannon, 1911, p. 96). 

A buried caliche layer may be broken by joints which 
serve as drainage channels for water seeping into the 
ground. Root systems of desertholly, creosote bush, and 
probably other xerophytes have a rectangular habit in 

this kind of ground; horizontal laterals spread at the 
tops of the tough layers, but branches extend vertically 
downward through the fissures (fig. 390). 

Ground having saline layers that alternate with non­
saline ones may have mixed phreatophytes reflecting 
diverse habitats within a small area. An example is 
along the floodplain of Salt Creek where State Route 
190 crosses it. There roots of the most salt-tolerant 
plants, pickleweed for example, are rooted in or close 
to the saliferous layers near the surface; the roots of 
the plants that are not so salt tolerant, like arrowweed, 
extend to greater depths and spread in the layers that 
contain little salt (fig. 39D) . 

It seems evident that inhomogeneities in the ground 
are a major factor controlling the depth, lateral spread, 
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and general pattern of root systems both of phreato­
phytes and xerophytes, partly because the inhomogene­
ities affect root penetration but chiefly because they 
affect distribution of soil moisture. 

These inhomogeneities in the ground and the adapta­
tions of roots to them can be observed in gravel banks 
that have been eroded. Some additional information 
about xerophyte roots can be inferred from the general 
habits of the plants. 

Xerophytes in Death Valley become green and some 
may even flower after rains. But these rains penetrate 
only inches into the ground, except along washes that 
receive floods. Seemingly, therefore, the plant roots 
that gather moisture after rains must be the shallow 
la;terals; it seems doubtful that the vadose walter at the 
level of the deep roots is increased by downward per­
colation. Death Vialley rains simply do not provide 
enough moisture to wet so much material. Between 
storms the ground near the surface becomes greatly 
heated and dried ; during these protracted times, the 
shallow laterals must serve little purpose, and perhaps 
the deep roots then supply the moisture needed to keep 
the plants alive. 

As noted earlier (p. 47), vapor in the soil atmos­
phere may be a critical factor in keeping desert plants 
alive during periods when vadose water is deficient. 
It seems reasonable that during winter vapor would 
move from deep horizons, which are warmer, to the 
near-surface horizons which are colder (Lebedeff, 
1928), and that in summer when the surface layers are 
warmed, vapor would diffuse downward. The vapor 
moving upward could be supplied by the capillary 
fringe; the vapor moving downward could be supplied 
by evaporation of dew, which to me is surprisingly 
considerable in Death Valley. Condensation of vapor 
may be an important factor in the recharge of vadose 
water available for plant growth. 

Too, distinction must be made between substrata that 
are physically dry and those that contain substantial 
quantities of water which is not available to the plants 
because of excessive salinity. The soil of the xerophytic 
plants is physically dry ; in the saltpan, beyond the silt 
facies of the carbonate zone, the soils are wet, but their 
salt content exceeds 6 percent and the water is not 
available to plants. This ground is "physiologically 
dry." 

The evidence collected in Death Valley indicates there 
is a sharp difference in the quantity of vadose wa;ter in 
the different gravel formations and that this difference 
correlates with orderly, repeated differences in the dis­
tribution of the different species of xerophytes. 

The distribution of the xerophytes also shows some 
correlation with the composition of the gravels. Cattle 

spinach and incienso are most abundant on those fans 
that have little salt and that have a high proportion of 
quartzite and schist. These are the fans on t;tJ.e wind­
ward side of the saltpan and derived from PreCambrian 
and Lower Cambrian rocks. Desertholly is most wide­
spread on the fans that contain much salt, especially 
those leeward of the saltpan, and most of these contain 
a high percentage of debris from the formations of lime­
stone and dolomite. Burroweed grows mostly on the 
upper part of fans that have desertholly at their base. 

The fans that are composed very largely of fine­
grained sediments however, like the fans south of Fur­
nace Creek nearly to Badwater, have sparse vegetation 
and the only plant represented there is the most xeric 
one, desertholly. The reason evidently is the excessive 
runoff on surfaces of fine-grained sediments; such sur­
faces are impermeable, and very little of the very little 
Death Valley water gets into the ground (fig. 11). 

Examples of plant distribution that correlate with 
differences in kind of ground are of course legion. Per­
haps the most striking examples are in the Colorado 
Plateau where Cretaceous shales are characterized by 
mat-saltbush, an Atriplew, the sandstone benches and 
gravel benches are characterized by shadscale, and the 
sandy ground on the Jurassic formations is character­
ized by sand sagebrush or blackbrush (Cannon, 1960; 
Tidestrom, 1925; Hunt and others, 1953, pl. 3). The 
Great Basin contains examples of differences in vege­
tation that apparently reflect differences in salinity 
(Flowers, 1934; Shantz and Piemeisel, 1940), and ex­
amples of differences in vegetation growing on chemi­
cally altered rocks and on rocks not altered (Billings, 
1950). The serpentine soils in parts of California and 
Maryland provide extreme examples (Walker, 1948; 
Shreve and others, 1910). These different habitats dif­
fer in many ways physically and chemically, but they 
also differ in the content of soil moisture available for 
plant growth. 

Death Valley soils have little to no visib1e humus and 
the microfloral population of the soil is small. Leaf 
litter collects around the base of the perennial shrubs 
but elsewhere there is almost none. Crude measure­
ments in the field, made by heating soil samples col­
lected around the base of shrubs, indicate an organic 
content of less than 0.5 percent, even where there is 
visible organic matter. The organic content of ground 
between xerophytes probably amounts to no more than 
a trace. It probably is higher, perhaps as much as a 
percent, in the damp though saline ground in the 
phreatophyte zone. 

A few colonies of the soil microflora were obtained by 
inserting sterile culture plates in the ground imme­
diately following rains and leaving them in position for 
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about 2 weeks (W aksman, 1952, p. 43) ; a repeat of this 
experiment while the ground was dry gave almost no 
colonies. It seems reasonable to infer that the micro­
flora, like the xerophytes, rests during dry periods, but 
grows and flowers when water becomes available. 
Shrubs like creosotebush and desertholly seem to be less 
dependent on organic substances than most plants, but 
surely they are not as independent as lithophytes. 

Zoning of the phreatophytes in Death Valley with 
respect to salinity of the ground water appears in two 
ways. Where the isochlors parallel the foot of the 
gravel fans, the belts of phreatophytes do also, and the 
belts are arranged in the order of increasing salt toler­
ances. Good examples of this zoning are at the mouth 
of Cow Creek, and at the foot of Hanaupah and Star­
vation Canyon fans (pl. 1). Where the isochlors are 
oblique to the foot of the gravel fans, the belts of 
phreatophytes also are oblique, and as the salinity of 
the ground water at the foot of the gravel increases, 
the range of the less salt-tolerant species becomes nar­
rowly restricted and finally ends as the more salt­
tolerant species crowd against the xerophytes on the 
gravel fans. Where the salinity of the ground water at 
the foot of the gravel exceeds about 6 percent, there are 
no phreatophytes; the xerophytes there end against the 
bare ground of the saltpan. (See transect B, fig. 23.) 
Good examples of this oblique zoning are around the 
east and north sides of Cottonball Basin and northward 
from Tule Spring to Trail Canyon fan (pl. 1) . 

The differences in quality of the ground water in the 
different stands of phreatophytes may be tabulated as 
indicated in the next column. 

Similar ranges in salinity under different phreato­
phytes have been observed at the edge of Great Salt 

0.5 
Honey mesquite t-1 ---~1 

1.0 

Sacaton grass I·········· ······I 

Number of Range, in percent, of total dissolved 
salinity de- solids in ground water 

Plant name termi-
nations 

Minimum Mean Maximum 

Honey mesquite ________ 9 0. 03 0.2 0. 6 
Arrowweed _____________ 9 .2 .5 1. 8 
Sacaton grass ___________ 2 .5 .7 1.0 
Common reed grass _____ 2 .5 1. 1 1. 8 
Saltgrass _______________ 15 . 05 2. 2 7. 0 !tush __________________ 6 . 5 2. 4 5. 0 
Pickleweed _____________ 11 .2 3.6 6. 0 

Lake. Salinity limits reported there for Salicornia and 
Allenrolfea range from 0.25 to 6.0 percent, and limits 
for saltgrass and inkweed range from 0.25 to 4.0 per­
cent (Flowers, 1934). 

The phreatophytes can tolerate comparable mininmms 
in salinity; their distribution in Death Valley correlates 
with the differences in the means or maximums. As a 
result, the number of species growing in the different 
belts of the phreatophyte zone decreases pan ward as the 
salinity increases, as illustrated diagrammatically on 
figure 40. 

Although more systematic sampling no doubt would 
extend the extremes of salinities indicated for the 
phreatophytes, the relative tolerances of the plants 
probably would be found as indicated except possibly 
for the sacaton and reed grass, which are not repre­
sented by adequate samples. A complete study however 
would have to consider several additional facts about 
the occurrence and quality of ground water. In the 
capillary fringe the salinity of the ground water de­
creases downward from the top of the fringe, where 
there is subsurface evaporation and deposition of salts, 
to the water table. Further, the salinity of ground 

SALINITY, IN PERCENT 

2.0 3.0 4.0 5.0 6.0 

Arrowweed 1·· .. ··---------1 

Common reed grass I· • · · • · · • · · • • • • • • • • • ······I 

Saltgrass loo ••--------1 ~· .. ~ 
Rush ~ ... ~ 

Pickleweed I··········. ·--------------1 
FIGURE 40.-Distribution of species of phreatophytes with reference to salinity of ground water 

in Death Valley. Solid lines indicate abundant growth; dotted lines indicate sparse 
growth. The number of species decreases as the salinity of the ground water increases 
into the saltpan. 



52 PLANI' ECOLOGY OF DE!ATH VALLE·Y, CALIFORNIA 

water near the surface, the water most accessible to 
roots, varies depending on the discharge, which is partly 
a function of season. In the marshes, for example, 
salinity is less in wet years than in dry years (Hunt and 
others, 1965A). It is clear that plants drawing on such 
a water supply have a wide range of salt tolerances. 

Differences in salinity within a stand of plants com­
monly are reflected by differences in healthiness, stature, 
or density of the plants (see, for example, Magistad, 
1945; Hurd and Sutcliffe, 1957; Kurz and Wagner, 1957, 
p. 87-90), but such effects, if present in Death Valley, 
were not evident to me. 

Apparently the quantity of salts is more important 
than the kind of salts in controlling phreatophyte dis­
tribution. Warming ( 1909, p. 218), for example, noted 
that at various places in Europe the vegetation is essen­
tially alike whether the ground contains sodium car­
bonate, sodium chloride, or sodium and magnesium sul­
fate. In Death Valley, also, the phreatophytes appear 
to be more sensitive to quantity than to kind of salts, 
for, with one exception, the botanical composition of 
the phreatophyte stands is much alike in all parts of the 
valley where salinities are comparable regardless of 
their chemical composition. 

The exception is along the east side of Cottonball 
Basin where there is no pickleweed and the ground is 
unusually high in sodium su1fate and sodium carbonate. 
Arrowweed is more typical. It is a high-sulfate plant; 
it is high in sodium along the east side of Cottonball 
Basin but is high in calcium in Badwater Basin where 
the ground contains calcium sulfate (table 25). The 
high sodium chloride content of the pickleweed (table 
25) might be expected from its environment, but that 
of the inkweed is more surprising. Inkweed is common 
between dunes with mesquite and between these mes­
quite stands and the desertholly. If the plant in these 
environments is a phreatophyte, it probably obtains 
water from the capillary fringe which extends upward 
into saliferous layers, rather than from the water table, 
which at these locations contains less than 0.5 percent 
total dissolved solids. 

Probably it is not coincidence that the pickleweed, 
which has a high content of chloride, grows on the pan­
ward side of the arrowweed, which has a high content 
of su1fate. This duplicates the pattern but not the posi­
tion of the zones of salts. Whatever the cause, it is 
another striking example of the close correlation between 
the geology and plant distribution, for the plants are 
zoned with respect to their composition as well as accord­
ing to the total amount of dissolved solids in the ground 
water. The chloride zone of the saltpan and the mas­
sive gypsum in the sulfate zone are bare. The sulfate 
marshes and the silt facies of the carbonate zone have 

pickleweed which is high in sodium chloride. The 
sandy silt and silty sand of the carbonate zone has ar­
rowweed, which is high in sulfates. In the sand facies 
is mesquite (table 26). 

TABLE 25.-Average composition of ash in some Death Valley 
plantlf (roots ea:cluded) 

[Data from tables 5, 7, 9, 11, 13, 15, 16, 17, 21] 

Ca Mg K Na S04 Cl 

Xerophytes 

Desertholly ___ ------------------ 6 2 7 26 4 25 
Cattle spinach ____ -------------- 11 6 8 14 4 14 
Creosotebush (leaves only) ______ 19 4 14 4 6 8 
Cheese bush_-------------------- 16 6 16 <1 6 7 

Phreatophytes 

Arrowweed in Cottonball Basin_ 7 5 11 15 20 7 
Arrowweed in Badwater Basin __ 16 3 8 8 27 8 Saltgrass ________________________ 2 1 2 6 5 9 Rush ____________________________ 4 2 19 8 13 9 
Inkweed __ ---------------------- 3 5 9 20 8 20 
Pickleweed ______ ---------------- 2 2 5 32 7 27 

Carbonate 
or phos-
phate Si02? 

needed to 
balance 
cations 

30 ------
40 <5 
45 
45 <5 

35 ------
30 ------
5 70 

20 25 
35 
25 ------

TABLE 26.-Arrangement of vegetation With respect to com­
position of ground and salinity of ground water 

Vegetation Composition of ground 
Salinity of 

ground 
water 

(percent) 

d {
Chloride zone _____________________ } >6 

Bare groun ---------------------- Massive gypsum of the sulfate zone_ 

P . kl d 'th 40 t N Cl {Sulfate marshes ___________________ } 2-6 
tc ewee Wl percen a - Silt facies of carbonate zone_------

Arrowweed with 35 percent sulfate_ Sandy silt_________________________ 0. 5-2 
Mesquite__________________________ Sand facies of carbonate zone______ <O. 5 

The high sodium chloride plant among the xerophytes 
is desertholly, which correlates with the fact that most 
of the specimens analyzed (table 5) were collected from 
the low parts of the fans where the sodium chloride 
content of the soil is greatest. But the specimen of 
desertholly from the higher and less saliferous part of 
the fan at Hell Gate (P 116, table 5) also contains much 
sodium chloride. 

The low sodium chloride xerophytes seem to be high­
est in carbonates. These are cheesebush, which grows 
in the comparatively salt-free washes along the foot of 
the fans, and creosotebush, which also grows along the 
washes and on salt-free high parts of the fans ( taJble 
25). Both the cheese bush and creosotebush are high 
in calcium. 

The apparent high-silica content of the saltgrass 
and rush may be due to the fact that the specimens 
analyzed were collected during the winter season and 
included a high percentage of dry straw like matter. 
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PLANT GROWTH AND PLANT SUCCESSION 

In dry years, in the driest habitats in Death Valley­
that is, on the low parts of the gravel fans-there is an 
orderly plant succession among the xerophytes. In that 
environment the first shrub to appear on new ground, 
such as a mudflow or road shoulder, is the honeysweet 
( Tidestromia oblongifolia). Even during dry years 
this shrub establishes itself on new ground within a sea­
son. It generally is accompanied by a spurge. Desert­
holly generally is not found on new ground until a 
season has passed. Creosotebush, in general, is not 
found on new ground in this environment until several 
seasons have passed, though at higher altitudes where 
the ground is less dry and less salty it may be the first 
shrub to appear. 

Example of the plant succession are best shown along 
the roads and trails. For example, along the highway 
to Badwater and along State Route 190 around the 
north side of Cottonball Basin, the road shoulders, 
which are bladed several times a year, have stands of 
honeysweet and spurge, especially at low places where 
runoff collects (fig. 41) . 

On the north side of Cottonball Basin, along the north 
side of the highway, are some flood-control ditches that 
were last bladed about 1953. These are straight washes 
extending diagonally across the fans, and in them and 
on the enbankments beside them are growths of desert­
holly (h.), honeysweet ( t), and spurge ( sp) (fig. 42). 
There is little or no creosotebush even where the ditches 
were bladed through a stand of creosotebush. 

FIGURE 41.-Road shoulders receive runoff from the pavement and therefore offer a less dry environment than do the 
adjoining gravel fans. But road shoulders are disturbed and plants growing there must be able to seed themselves 
quickly. In this view, about a mile north of Badwater, a spurge (sp) and honeysweet (t) grow at the bottom of a 
broad low dip in the shoulder; down the wash, below the road, is desertholly (h). Sketch by John R. Stacy, from 
photograph. 



54 PLANT EiCOLOGY OF DEATH VALLEY, CALIFORNIA 

FIGURE 42.-A flood-control embankment, last bladed about 1953, supports healthy stand of desertholly (h). Honeysweet (t) 
and spurge (sp) grow in the ditch aJt the right. Location is 1.5 miles northwest of the North Side Borax Camp. Sketch 
by John R. Stacy, from photograph. 

In the same part of the area, along the foot of the 
gravel fans, is the old bladed road which has had little 
use since the paved highway was built 15 years ago. 
Desertholly has moved onto the old road, but there is 
no honeysweet or creosotebush. If the road were higher 
on the fans creosotebush would probrubly have moved in. 

Old trails, virtually abandoned since vehicular travel 
took the place of packtrains, are overgrown with 
creosotebush. 

Desertholly also grows in nearly pure stands along 
some road shoulders and along some washes high on the 
fans. On plate 1 an example may he noted along the 
road to the Queen of Sheba mine in the southwest corner 
of the area. For about a mile southeast of Salt Well, 
desertholly grows on the shoulders of roads through 
stands of cattle spinach, especially where surface water 
has been ponded and fine sediments have accumulated. 
One and one-half miles south of Bennetts Well an 
abandoned old road crosses a stand of cattle spinach, 
but growing in the road and along the washes is desert­
holly. Another abandoned stretch half a mile north-

west of Bennetts Well is overgrown with cheese bush, 
creosotebush, arrowweed, and saltgrass. 

Honeysweet and spurge are scarce on the west side 
of Death Valley and on the fans from Badwater south 
to the cove at Mormon Point. In these areas desert­
holly is the common roadside shrub. Possibly this 

· distribution is the result of ground salinity, for the 
ground is slightly more saline where the honeysweet is 
absent. This also may explain why there is little or no 
honeysweet along the old abandoned road at the foot 
of the gravel fans north of Cotton ball Basin. 

At higher altitudes creosotebush becomes the roadside 
shrub and grows along the road shoulders. 

The plant successions, however, probably are due to 
the readiness of the different plants to seed and to 
germinate in the particular environment, and not at all 
a case of seral succession in which one plant prepares 
the way for the next (Weaver and Clements, 1938, p. 
60). It seems unlikely that shrubs so widely spaced 
could exert an important influence. 
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Also, whereas this plant succession among the xero­
phytes prevailed during drier-than-average years, given 
a wet period the creosotebush probably could seed and 
germinate as readily as its more xeric associates. The 
occurrenice of creosotebush along the irrigation ditch 
above Furnace Creek Ranch and along road shoulders 
at higher altitudes suggests this is probable. The 
plants as mapped on plate 1 probably represent sta;ble 
communities that will stand until a change in climate 
or a geologic change causes a change in their water 
supply. 

One can only theorize as to how plants that are 
dependent on ground water seed themselves, for the 
water table under many phreatophytes is deep. At 
localities where W8Jter enters the ground, as at spring 
sites and along washes, roots of seedlings could follow 
the downward percolating water to the water table. 
But around the edge of the Death Valley salt pan the 
hydrologic regimen is reversed ; the phreatophytes are 
where almost no w8Jter percolates downward. The 
water table is deepest under the mesquite, and perhaps 
these plants can seed themselves only when there is a 
succession of wet years that provide downward per­
colating water that roots may follow downward to the 
capillary fungi on water table. The deterioration of 
the mesquite stands and the scarcity of young mesquite 
plant in the valley (p. 42) may reflect protracted 
draught. 

The water table is shallowest under the belt of pickle­
weed, and here the capillary fringe reaches the surface 
in wet months of normal years. This condition, evi­
dently favorable for seedlings, could account for the 
comparative stability of tJhe stands of pickleweed and 
the fact that locally this plant has spread (p. 32). 

DISTRIBUTION OF FUNGI AND ALGAE 
By CHARLES B. HUNT and L. W. DURRELL 1 

GENERAL 

The correlation between the geology and the occur­
rence of the woody plants led to the hypothesis that 
there was a similar correlation between the geology and 
the occurrence of the microflora. 

In a preliminary test of this possibilty, samples were 
collected and cultured on various kinds of soil plates as 
described by W aksman ( 1952, p. 43, 45-50). None of 
the colonies were identified, but orderly differences were 
found at various positions around the edge of the salt­
pan. Encouraged by this, Hunt collected a series of 
soil samples using sterilized collecting tools and con­
tainers, and the samples were studied by Durrell. The 
study confirmed significant differences in the microflora 
in the different environments sampled. 

1 Colorado State University, Department of Botany and Plant 
Pathology. 

This difference served as basis for system8Jtic sam­
pling of Death Valley soils by Durrell. Because of 
interest in the possible occurrence of pathogenic fungi 
as well as ordinary soil kinds, Chester W. Emmons, 
Chief of the Medical Mycology Section, National Insti­
tutes of Health, and Roger 0. Egeberg, Director of the 
Los Angeles General Hospital, also participated in the 
collecting. One hundred and eleven samples were ool­
lected by Durrell and serve as the basis for this report. 
A large number of samples also were collected and 
studied by Emmons and Egeberg in a searc;h for 0 oc­
cidioides immitis and other pathogenic fungi. Patho­
gens of man were not found, but the sampling added to 
the list of fungi isolated. 

Very little work has been done on the occurrence of 
fungi and algae in desert soils. Most of the studies 
simply list species that have been found under particular 
conditions. So far as we can determine there has been 
no attempt to establish limits to the distribution of 
microfloras or of species in the natural desert environ­
ment. Principal works contributing to the subject are 
those by Bonar and Goldsmith ( 1925), Drouet ( 1943), 
Bolyshev and Evdokimova ( 1944), Fletcher and Martin 
(1948), Nicot (1960), and Durrell and Shields (1961); 
see also Gilman (1957) and Durrell (1962). 

Of particular interest in connection with our study of 
Death Valley soils is the study by Nicot ( 1960) on cer­
tain soils of the Sahara Desert. She st8Jtes, 

The most characteristic and frequently obtained pa·tterns in 
isolations are the net predominance of strongly pigmented 
species from the genera H elminthosporium, Ourvularia, Alter­
naria, and Stemphylium. • • • one finds Pyrenomycetes and 
some Mucorineae and a small number of species C1f Fusarium. 
• • • Among the mechanisms of protection against desicca­
tion and strong light • • • is the brown pigment C'haracteriostic 
of most of the the organlsms isolated. 

These finds are duplicated by our studies in Death Val­
ley and by those at the Nevada Test Site (Durell and 
Shields, 1961 ; Shields, Durell, and Sparrow, 1961). 

Marine microbiology has been the subject of inten­
sive and extensive study (see bibliographies in ZoBell, 
1946, 1957), and several conclusions reached by the 
marine microbiologists contribute to understanding the 
occurrences and processes involved in the microflora in 
Death V aley. 

Marine fungi isolated from decomposing cordage and 
wood submerged in sea water could be grown in sea 
water having three times the normal salinity, about 10 
percent (Barghoorn and Linder, 1944, quoted hy ZoBell, 
1957, p.1036), which is about the salinity limit we found 
for fungi in Death Valley brines. 

Diluting sea water with fresh water inhibits the 
growth of many marine species of bacteria (Lipman, 
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1926) and diluting Great Salt Lake water (salinity al­
most 30 percent) with fresh water inhibits growth of 
the bacterial flora there ( ZoBell, 1946, p. 203). Con­
versely, increasing the salinity of sea water inhibits 
growth of the marine bacteria. Few marine bacteria 
grow in a sea-water medium to which 12 percent sodium 
chloride has been added (ZoBell, 1946, p. 119). 

In Death Valley, from samples beyond the 15 per­
cent brine line, we found few bacteria which would 
grow in nutrient broth. These results accord well with 
what has been learned about the salinity limits of 
marine bacteria and with reported occurrences of bac­
teria in Great Salt Lake, which has a salinity of almost 
30 percent. Great Salt Lake water inhibits growth of 
bacteria from sewage, soil, and the oral cavity, but the 
water contains an indigenous flora that, conversely, 
does not grow well in more dilute media (ZoBell, An­
derson, and Smith, 1937). Relative numbers of 
bacieria that developed on nutrient agar with various 
dilutions of Great Salt Lake water have been reported 
rus follows ( ZoBell, 1946, p. 203) : 

Relative number of bacteria developed on 
nutrient agar with-

Source of bacteria Fresh water mixed with indicated 
Fresh percentage of Great Salt Lake water 
water 

25 50 75 

Soil ___________________ 100 12. 6 0. 8 0 
Great Salt Lake _________ 3. 8 51. 2 96.4 100 

The precipitation of calcium carbonate from sea 
water is facilitated by hacteria in several ways ( ZoBell, 
1946, p. 100), and very possibly the microflora in Death 
¥alley has contributed to the precipitation of some of 
the mineral species -there; for ex·ample, the minute, eu­
hedral, doubly terminated calcite crystals that occur 
in the clay (Hunt, and others, 1965b) could very well 
be the product of bacterial activity. 

Our study of the microflora in Death Valley was oon­
fined to the lower pa:rtts of the fans, the belt of phreato­
phytes, and ·adjoining parts of ·the saJ.tpan. 

SAMPLING AND CULTURING METHODS 

The geochemistry, mineralogy, and hydrology of the 
saltpan had been investigated as part of the study of 
the general geology of Death Valley. In the course of 
these investigations hundreds of analyses of the salts 
and brines were made. The results of these determina­
tions are presented in Hunt and others (1965b), they 
served as the basis for selecting the transects where 
samples could be collected to determine changes in the 
microflora. The transects are along radii across the 
edge of the saHpan (fig. 43) ; 111 samples of soil and 
salt were collected for Laboratory study. 

The samples were taken from the surface and to a 
depth of 6 inches with a sterile trowel, placed in plastic 
freezer bags, and sealed. The trowel was dipped in 
alcohol and flamed between each digging. 

For studying the fungi in the laboraJtory, 1-gram 
portions were taken with a sterile spoon that was flamed 
between samplings. These gram portions were placed 
in sterile Petri dishes, and agar at 45°C poured over 
them (W·arcup, 1950). The cultures then were in­
cubruted at room temperature. Several agar media were 
used. The most satisfactory medium was rose bengal 
agar (Smith and Dawson, 1944) containing a small 
amount of streptomycin. This agar isolated more 
species of fungi than any other. None of the media 
used added any species to the list obtained with rose 
bengal agar. No special media were used for Phycomy­
cetes or for Streptomyces, although these organisms 
frequently appeared on some of the media used. 

For studying algae, 1- to 2-gram samples were re­
moved from the bags and pla;ced in flasks containing a 
shallow layer of quartz sand and a small amount of 
nutrient media (Bristol-Roach). Before innoculation 
the flasks had been cotton-plugged and steam--sterilized 
rut 15 pounds for 15 minutes. After innoculation the 
:flasks were replugged and capped with metal foil to 
retard water loss and held under fluorescent light for 
30 to 60 days a;t 25°C. As incubation proceeded, patches 
of algal growth developed on the sample of soil and 
on the sand substrata. Often only one patch of growth 
developed, indicating that only one ·algal cell, or one 
filament, had innoculated the flask. After sufficient 
growth the ·algal patches were removed with a long 
sterile needle ·and microscopically examined and identi­
fied. 

DISTRIBUTION AND KIND OF SAMPLES 

The locations of the 12 sampling transects around 
the Death Valley saltpan are shown on figure 43. The 
samples are listed and described in table 27; figures 
44A-L are graphic representations of the transects show­
ing the major changes in environments along them. 

Sampling is a general problem for any of the outdoor 
sciences, and a side problem developed in connection 
with ours. Many of the samples collected for this study 
gave higher pH values than did the samples collected 
in previous years for geochemical and mineralogical 
study. The difference commonly was in the range 0.5 
to 1.0 pH, but was found to be as high as 1.5. The 
answer apparently lies in the different purposes of 
the sampling programs and the different kinds of spots 
sampled. For chemical and mineralogical study the 
samples were collected a way from vegetation, but for 
the fungal and algal studies organic-rich soil, like that 
under shrubs, was sought. The differences in pH almost 
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FIGURE 43.-Index map of Death Valley saltpan showing locations of transects 
where samples were collected for study of their fungi and algae. 
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Hells Gate 

TRANSECT A, HELLS GATE WEST TO EMIGRANT WASH 

Gravel, 1 percent salt 

2000' 

1000' 

SEA 
LEVEL 

1000' 

Flood-pia in toe 
Massive rock salt of gravel fan 

No. 67 No. 68 

-----------------
TRANSECT G, SALT POOLS 

Salt saucers . Bad-water pools 
'B P1ckleweed, 5 percent salt 

Bare sand, carbo­
nate and sulfate 

rock salt areNog.y
5
p
4
sum No. 50_53• 55 

No. 56, 57.,_~......,......_---.JJ.~~::u..~ 
SEA LEVEL 

No. 75, 7~6~--~~.~~~~~~::::_ __ 2_ __ ~---_j 
Pickleweed, Recent wash, 0.5 percent salt 

10 percent salt Creosotebush, Desertholly 
No. 77 No. 81, 82 

TRANSECT B, SALTPAN BELOW BEATTY JUNCTION TO HELLS GATE 

Salty old gravel, 
8 percent salt, bare 

ground 

Recent gravel, 0.5 percent salt 
Creosotebush, Desertholly 

~·o :=: 0 0 ·"·~' SEA LEVEL 
-250 

TRANSECT C, NORTH SIDE BORAX CAMP 

Recent gravel, 

Pickleweed Salty gravel 0.5 percent salt 
Saltgrass 20 percent salt Desertholly 

10 percent salt No. 2, 3, 4 

TRANSECT D, ROCK-ALINEMENT WASH 

Recent gravel, 0.5 

Sodium carbonate Arrowweed, percent salt, Desert-
marsh, saltgrass, holly, Creosote bush 

Smooth silty 6 percent salt soil 4 percent salt No. 1 

rock salt Sulfate zone No. 62, 63, 64 No. 61 (lt~o 
No. 70 No. 69, 68 No. 66, No. 65 ~ j},..Q. ~ 

-------.... ..... 67 .. -!!;:.__ (. r ~ 
TRANSECT E, SODIUM CARBONATE MARSH, 1 MILE NW 

OF NPS HEADQUARTERS 
Creosotebush 

Gravel, 0.5 percent salt 

Sand dunes Desertholly 
No.10-1 No. 99 N'o.100 
No.104 -.. 0.25 percent 

salt 

TRANSECT F, FURNACE CREEK FAN AREA 

TRANSECT H, BADWATER 

Mud flat Silty 
Devils speedway, rock 
10 percent salt salt 

No. 43 No. 22 

TRANSECT I, TRAIL CANYON FAN TO DEVILS GOLF COURSE 

Salty silt 

Arrowweed Tule Pickleweed 
9 percent salt Spring 20 percent 

ro~~~:..,-5.!:~!-~' No. 41~ 42 No. 38, salt 
• 40 No. 36, 37 

TRANSECT J, TULE SPRING AND SHORTYS WELL 

K, 1 MILE NW OF BENNETTS WELL 

Recent gravel, 

FIGURE 44.-Transects around the Death Valley saltpan. Numbers refer to samples described in table 27. 
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certainly are a r.aeasure of variation in organic matter 
near and remoto from shrubs, which in Death Valley are 
widely spaced. A specific example of this difference is 
given in a section on the geochemistry of the saltpan (by 

Hunt and others, 1965b) ; surface water at location 
W-17-56s gave a pH of 6.0, but an algal growth there 
gave a pH of 7.5. Also, near shrubs, there probably is 
a seasonal variation in pH. 

TABLE 2:1.-List of samples showing distribution of algae 

[Samples collected November 3-9, 1960, in and around the Death Valley saltpan. For salinities and other geologic information see transects on figs. 23, 24, 25, 26] 

No. Description 

Silt crust in dried pond ___________________________ _ 

2 Saliferous graveL ______ ---- ___ -------- ____ ----------

3 Piece of wood by old road _________________________ _ 
4 Bottom of wash floored with modem gravel; less 

saliferous than sample 2. 
5 Soil under pickleweed; sandy ground ______________ _ 

Location 

By State Route 190, under creosote bush; on Recent gravel; 
middle of west side of sec. 28, T. 28 N., R. 1 E., Chloride 
Clift quadrangle. 

At foot offan ~mile north of Salt Springs, NE~ sec. 20, T. 
28 N., R. 1 E., Chloride Cli11 quadrangle. 

Same as sample 2 ____ ------------------------------------
Same general location as sample 2 but 50 feet from both the 

foot of the fan and the edge of the pickleweed. 
Same as sample 2-----------------------------------------­
Same as sample 2------------------------------------------

Algae 

Phormidium dimorpha, Chlorococcum humicola. 

6 Pickleweed roots about 4 inches below surface; 
sandy ground. 

7 Clayey ground under saltgrass ____________________ _ 
8 Under crust of salt, mostly sodium sulfate; salinity, 

5 to 6 percent. 

Near sample 2--------------------------------------------- Phormidium tenue. 
On damp ground at spring zone on the pan ward side of the 

9 

10 

11 
12 

Running water----- __ ------------------------------
pickleweed in the area of sample 5. 

In sandy wash 1-2 em deep and about 30 em wide ________ _ 

Do_____________________________________________ Near sample 9 ___________________________________ ---- -----_ 

Pink crust under water---------------------------- Same as sample 9------------------------------------------
Layer of sodium sulfate nodules 3 inches below the Same general area as samples 2 to 11, but 500 feet from the 

surface. edge of the pickleweed and approximately at the center 
of sec. 20; mud fiat on the flood plain. 

Microcoleus vaginatus, Calothrix castellii, Phormi­
dium tenue. Black algae? 

Filamentous algae in bulbous growth. Algae not 
found where salinity was about 8 percent. Micro­
coleus vaginatus. 

Microcoleus vaginatus. 

13 Rough silty rock salt------------------------------- Near sample 12--------------------------------------------
14 Nodules of borax-rich sodium sulfate_______________ On the flood plain near sample 12 ____ -------------------- CoccochloriiJ stagnale. 
15 Surface of the gypsum deposit ______________________ On the panwardsideofthe pickleweed, 1,500feeteast ofthe 

spring, at Tule Spring at the center of the north edge of 
the Bennetts Well quadrangle. (See also samples 36-41.) 

16 Dune sand under mesquite tree ____________________ At Shortys Well, Bennetts Well quadrangle ________________ Microcoleus vaginatus. 
17 Underground roots and stems ______ ---------------- _____ do ___________ ------------------------------------------
18 Silt crust in dried pond____________________________ 300 feet east of Shortys Well __ ----------------------------- Phormidium tenue, Anabaena variabiliiJ. 
19 Under stones of desert pavement___________________ Trail Canyon fan, Furnace Creek quadrangle, by road at Anacystis montana, Phormidium tenue, P. Retzii, P. 

altitude of 250 feet. IJUbcapitatum. 
20 Silty layer under desert pavement _______________________ dO---------------------------------------------------- Phormidium tenue. 
21 Damp sand in wash at a creosotebush ___________________ do-----------------------------------------------------
22 Silt on the rough silty rock salt_____________________ At Devils Golf Course, near center sec33, T. 26 N., R. 1 E., 

23 
by road across the saltpan, Furnace Creek quadrangle. 

Gritty sand in center of prehistoric rock circle______ At foot of the gravel fan a few hundred feet from the mes­
quite zone, 1 mile northwest of Bennetts Well, Bennetts 
Well quadrangle. 

~ ~= ~rltripiiiP"O"iiii:ai-P"a::::::::::::::::::::::::: _=:~~~~~~~:::::::::::::::::::::::::::::::::::::::::::: 
26 Soil under mesquite tree ________ -------------------- _____ do _____________ ----------------------------------------
'J:l Wood of mesquite _____ ----------------------------- _____ do ___________ ------------------------------------------
28 Laminated silt crust, under a creosotebush, where _____ dO----------------------------------------------------- Chlorococcum humicola. 

29 sol'l':~h~ ~~~~~~~ ~-~~~~----------------- _____ do _____ -----------------------------------------------
30 Soil in unexcavated rock circle beside the storage 500 feet west of BM 229, 1~ miles south of Bennetts Well __ 

pit that was excavated. 
31 Old wood, probably Atriplex polycarpa. An old Between sand dunes along the Old Road, 1~ miles east 

rootstalk from just below the surface. of south of Bebbetts Well. 

~ ~~!!teg~Te0~~~~~~~-_::::::::::::::::::::::: -~~~0~-~~~~~~~::::::::::::::=:::::::::::::::::::::::=:: 
34 Clayey or silty soil forming the base of the dune _____ dO----------------------------------------------------- Chlorococcum kumicola, Phormidiumfoveolarum. 

sand. 
35 Old mesquite wood, blackened_-------------------- _____ do _____ ------------------------------------------------
36 Wood of pickleweed-------------------------------- 500 feet east of the spring, Tule Spring area. (See also 

sample 15.) 
37 Soil under pickleweed __________ -------------------- _____ do _________________________________ --------------------

~ ~~~~S:g~e~t:::: ==:: ::::::::: ==:: ::=: :::=::::: =::::: _ ~~ ~3;~-~!-~~ ~~~ :::::::::::::: = =: ::=: :::=:=: ::::=::: Phormidium tenue, Oscillatoria agardhii. 
40 Green algae ________________________________________ Afloat on Tule Spring_____________________________________ Chlorococcum humicola, Rhizoclonium hierogluph-

41 Rabbit droppings __________________________________ In arrowweed belt just west of Tule Spring _______________ _ 
42 Soil under arrowweed _______ ----------------- ___________ do _________________ ------------------------------------
43 Soil on :Hood plain at the speedway_________________ Devils Speedway, near BM 270by road across thesaltpan, 

Furnace Creek quadrangle ________________ --------------
44 Mudflow, 1 day old where it crosses the highway ___ East side of Death Valley, by the highway to Badwater at 

junction with the road to the salt pools; Furnace Creek 
quadrangle. 

45 Duplicate of sample 44 ____________ ----------------- _____ do _______ ----------------------------------------------
46 Soil under desert holly----------------------------__ Same general arE'a as sample 44----------------------------
47 Massive salt rock---------------------------------· At the salt pools _________________________________________ _ 
48 Salt-crusted mud___________________________________ At thefiood plain on the eastside of the massive rock salt at 

the salt pools. 
49 Soil under desertholly ______________________________ By the highway to Badwater, 1 mile south of the junction 

with the road to the Natural Bridge; Furnace Creek 
quadrangle. 50 Algae in the pooL __________________________________ Badwater, Bennetts Well quadrangle ____________________ _ 

51 Algae from beneath thick crust of gypsum 1 to 2 em _____ do ____________________________________________________ _ 
thick. 

~ !~~= ~~: ::C~~~~ts--~::: =::: =~: = =:::: =: = = = := =====~~:::=: :::::: =: =: = ::::::::::::::::::::::::::::::::::::: 

icum. 

Phormidium tenue, P. subcapitatum. 

Phormidium tenue. 

Coccochloris stagnale. 

Phormidium ambiguum. 
Phormidium angustissimum. 

Phormidium angustissimum, Anacystis montana. 
Anacystis montana, Coccochloris stagnale, Micro-

coleus vaginatus, Phormidium joveolarum. 
54 From surface of old gypsum deposit ________________ 300 feet west of the Bad water pools _______________________ _ 
55 Algal scum floating in patches on the water ________ Middle pool at Badwater _________________________________ Anacystis montana, Microcoleus vaginatus. 
56 From muddy edge of a saucer ______________________ Salt-saucer area, 1 mile west of Badwater _________________ _ 
57 Piece of wood on a salt saucer; probably blown in _______ dO-----------------------------------------------------
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TABLE 27.-List of samples showing distribution of algae-Continued 

Description Location Algae 

Bermudagrass sod that had been fertilized with 
sheep manure. 

Old headquarters of National Park Service________________ Phormidium dimorpha. 

Sandy soil under the mesquite __ -----------------__ Mesquite dunes, three-quarters of a mile northwest of 
National Park Service headquarters. 

Sandy soil with organic lit'ter, near a rodent hole ________ do _________________ ------------------------------------
Sandy soil under desert holly __ -----------------____ 100 yards north of sample 59-------------------------------

~~~:~~~;!~~~~;;~;========================== -~~:~:~~~:~~=========================================== Sandy and salty soil under rush ____________________ Between sample-64 location and the edge of the sodium 
carbonate marsh. 

Algae under salt-crusted sand ______________________ At the sodium-carbonate marsh west of sample 65 ________ _ 
Sodium carbonate soiL_____________________________ In the marsh ______________ ---------------------- _________ _ 
Surfacesand _______________________________________ Salt-heaved sulfate zone at the west edge of marsh; 

NE~SE~ sec. 32, T. 28 N., R. 1 E., Chloride Cliff 
quadrangle. 

Algae under pebbles ________________________________ Wash, 500 feet west of sample 68---------------------------
Silty layer on the smooth silty rock salt_ ___________ NW~SE~ sec. 32, T. 28 N., R 1 E.; about one-half mile 

west of sample 59. 
Soil under desertholly, in Recent graveL___________ At the North Side Borax Camp, center N%NW~ sec.17, 

T. 28 N., R. 1 E., Chloride Cliff quadrangle. 
Algae, on bare ground between desertholly in _____ dO-----------------------------------------------------

Recent gravel. 
Soil under creosote bush. ________________________________ do ______________________________________ · ______________ _ 
Soil, and white rocks with algae on under sides; _____ do ____________________________________________________ _ 

saliferous old gravel; bare ground. 
Surface of bare sand of carbonate zone ___ ----------- Northeast corner sec. 13, T. 16 S., R. 46 E., Chloride Cliff 

quadrangle. 
Caliche layer of thenardite (sodium sulfate) about _____ d0-----------------------------------------------------

3 inches below the surface. 
Sandy and salty mound under a pickleweed _____________ dO-----------------------------------------------------
Soil under saltgrass on sand of carbonate zone______ SE~NE~ sec 11, T. 16 S., R. 46 E., Chloride Cliff quad­

rangle, one-half mile southeast of Beatty Junction. 
Wood of old stump of desertho1ly in wash with _____ do ____________________________________________________ _ 

Recent gravel. 
Soil under Atriplex canescens on gravel fan _______________ do ____________________________________________________ _ 
Soil under desertholly in wash with Recent graveL By the road to Beatty, one-half mile north of Beatty 

Junction; about 100 feet below sea level. Soil under creosote bush. ______________________________ . .do ____________________________________________________ _ 
Soil under Franseria dumosa ________________________ In Recent wash, by the road to Beatty, 6 miles north of 

Beatty Junction; alt. about 1,200 feet. 
Soil under creosote bush _________________________________ do ___________ ----------------------------- ____________ _ 
Algae under quartz pebbles; bare desert pavement _____ do ____________________________________________________ _ 

on old gravel by the wash. 
Soil under Opuntia basilaris _______________________ _ Along road southwest from Hells Gate to Mud Canyon; 

near BM 1577, north side sec. 32, T. 14 S., R. 46 E., 
Chloride Cliff quadrangle. 

Soil under creosote bush _________________________________ do __________ ------------- _____________ -----------------
Soil under Franseria dumosa _____ ________________________ do ____________________________________________________ _ 
Soil under desert holly ___________________________________ do ____________________________________________________ _ 
Soil under creosotebush, in Recent graveL _________ By State Route 190,sealevel,center SW~sec. 24, T.15 S., 

R. 46 E., Stovepipe Wells quadrangle. 
Soil (gravel) under desertholly _____________________ Same as sample 90, but 50 feet below sea leveL ___________ _ 
Soil under pickleweed______________________________ Flood plain of Salt Creek near BM 72 in sec. 23, T. 15 S., 

R. 46 E., Stovepipe Wells quadrangle. 
Sandy soil under Atriplex canescens _________ _____________ do _________________________________ --------------------
Soil under arrowweed________________________ ______ Flood plain of Salt Creek at Devils Cornfield, center sec. 

26, T. 15 S., R. 45 E., Stovepipe Wells quadrangle. Soil under pickleweed .. _________________________________ do ____________________________________________________ _ 
Sandy soil under mesquite__________________________ By State Route 190, near BM 3, 2 miles east of Stovepipe 

Wells Hotel, Stovepipe Wells quadrangle. 
Soil under creosotebush, in Recent graveL _________ By State Route 190, near BM 635, 4 miles southwest of 

Stovepipe Wells Hotel. 
Soil under desert holly ____________ ------------- __________ do _____________________________________ -------------- __ 
Soil under descrtholly, in Recent graveL ___________ Toe of Echo Canyon fan, SWHNWH sec. 25, T. 27 N., R. 

1 E., Furnace Creek quadrangle. 
Soil under creosote bush. ____________ --------------- _____ do ______ -----------------------------------------------

~~!;i~t~~~r~nJitchat-thl)surlng~::::::::::::::: -~~d.~~!~~-~~~~~~~===============::::::::::::::::::::::::: 
Algae in dirt ditch below a spring _______________________ do ____________________ ---------------------------------

Ale;ae from wall of concrete ditch from spring ______ _ 
Soil under desert holly, in Recent graveL __________ _ 

S<tnd under mesquite ______________________________ _ 
Soil under arrowweed _____________________________ _ 
Soil under saltgrass _____ ----------------------- ____ _ 

Silty layer on the smooth rock salt_ _______________ _ 

Muddy soiL_--------------------------------------

_____ do ____________________________________________________ _ 
Furnace Creek fan, NEHSEH sec. 21, T. 27 N., R.1 E., at 

burial mound area. 
Furnace Creek fan, 1,000 feet south of Indian Village _____ _ 
Furnace Creek fan, SE~:iSE~:i sec. 20, T. 27 N., R. 1 E---­
Toe of Furnace Creek fan, SEHNWH sec. 29, T. 27 N., R. 

1 E. 
1,000 feet west of toe of Furnace Creek fan, sec. 29, T. 27 N., 

R.1 E. 
Date palm orchard, Furnace Creek Ranch __ --------------

Algae in irrigation ditch _________________________________ do _____ ----------- ___ ------------- ___ ------------------
Ditch by cabin ___________________ ------------------ ____ do _____ ------------------------------------------- ____ _ 

Under side of lime rock _____ ------------------ _________ .• do ________________________________ ---------------------

Anabaena variabilis. 

Phormidium subcapitatum. 
Anabaena variabilis. 
Anabaena variabilis. 

Phormidium angustissimum. 
Phormidium tenue. 

Chlorella vulgaris. 

Microcoleus vaginatus. 

Microcoleus vaginatus. 
Anacystis montana, Phormidium tenue, Microcoleu& 

vaginatus. 

Anabaena variabilis. 

Phormidium foveolarum. 

Anacystis montana, Nostoc muscorum, Tolypothrix 
distorta. 

Nostoc commune, Microcoleus vaginatus. 

Phormidium dimorpha. 

Phormidium subcapitatum. 

Nostoc muscorum. 

Nostoc muscorum. 

Anabaena variabilis. 

Chlorococcum humicola. 

Anabaena variabilis. 
Oscillatoria agardhii, Anabaena variabilis. 
Phormidium jot1eolarum. 
Chlorococcum humicola, Lyngbya thermalis, Gom­

phosphaeria aponina, Chamaesiphon incrustans. 
Phormidium tenue. 
Chlorococcum humicola. 

Anabaena variabilis. 

Phormidium tenue, P. Retzii, P. angustissimum, 
Chlorococcum humicola, Anabaena variabilis. 

Chlorococcum humicola, Phormidium tenue. 
Protococcus viridis, Phormidium tenue, P. angustis­

simum. 
Phormidium tenue, Anacystis montana, Microcoleus 

vaginatus. 
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LISTS OF FUNGI AND ALGAE 

The most striking feature of the fungi isolations 
(table 28) is their predominately dark color. The table 
indicates the dark species. The species of Stemphy­
lium are very dark. This is a variable and confusing 
genus. Most of the cultures were of S. ilwis, but several 
were of the "tetracoccosporium" type. A few had very 
large brown spores and probably are S. saciniforme. 

TABLE 28.-List of fungi found in Death Valley 

Species 

Samples containing listed 
species 

Number Percent Dark 
of total species 

----------------1---------
Rhizopus nigricans Ehrenberg ___ -------------------
Actinomucor repens Schostakowitsch _______________ _ 
Mucor varians Povak_ ------------------------------

racemosus Fresenius __ ------------------------- _ 
spinescens Lendner ____ ------------------------ _ 

Thamnidiu~ sp ____________________________________ _ 
Pythium echinulatum Mathews ____________________ _ 
Chaetomium elatum Kunze and Schmidt ___________ _ 

cochlioides Pallister __ --------------------------­
Montemartina myriadea CurzL----------------------
Fimetaria sylvatica (Daszewska) Griff. and Seaver __ _ 
Trichosphaeria pilosa (Persoon) FuckeL ___________ _ 
Phoma sp __________________________________________ _ 
Sphaeronaema sp __ --------------------------------­
Naemosphaera sp __ ---------------------------------Ceratopycnis sp ____________________________________ _ 
Cephalosporium sp _________________________________ _ 
Aspergillus sulfureum (Fres) Thorn and Church ___ _ 
Aspergillus micro-virido-citrinus Costantin __________ _ 

niveus Beochwits ___ --------------------- ______ _ 
niger VanTiegem __ ---------------------- ______ _ 
lf.-entii Wehmer _________ ---------------- ______ _ 
ustus (Bainier) Thorn. and Church ____________ _ 
fumigatus Fres _________________________________ _ 
nidulans (Eidam) Wint_ _______________________ _ 
flavus oryzae Link ___ ---------------------------
terreus Thorn_------------------------ _________ _ 

Penicillium oxalicum Thorn ________________________ _ 
Scopularoipsis brevicaulis Bainier ___________________ _ 
Gliocladium pencilloides Corda _____________________ _ 
Botrytis carnea Schum _____________________________ _ 
Beauveria densa (Link) Picard _____________________ _ 
Mycogone nigra (Morgan) Jensen __ -----------------
Pullularia pullans (deBary) Berkhout_ ____________ _ 
Stachybotrys atra Corda ___ --------------------------
Nigrospora sphaerica (Sacc) Mason _________________ _ 
Humicola brevis (Gilman and Abbott) Gilman _____ _ 
Cladosporium herbarum (Persoon) Link ____________ _ 
Curvularia tetramera (McKinney) Boedijn _________ _ 
St genicz"':lata.<r.racy and Earl) Boedijn ___________ _ 

emphy zum dzczs Teng_ ---------------------------
sarciniforme (Cav) Wiltshire ___________________ _ 
ilicis (Tetracoccosporium type) _________________ _ 

Alternaria tenuis Nees ___ ------------------------ __ _ Fusarium sp _______________________________________ _ 
roseum (Link) Snyder and Hansen ____________ _ 

Cylindrocarpon heteronemum (Berk and Broome) 
WolL _________ ----------------------------- _____ _ 

Myrothecium convexum Berk and Curtis ___________ _ 
Sclerotia ___________________________________________ _ 
Streptomyces sp ____________________________________ _ 

20 24 ----------
3 ---------- ----------
2 
1 
2 
2 
1 
2 
2 
1 
2 
1 
5 

46 
4 
3 
3 
1 
1 
5 
3 

25 
1 
4 
1 
2 
1 

33 
2 
1 
7 
1 
4 
2 
5 
1 
1 
7 
7 
1 

48 
2 
4 

13 
29 

1 

55 

30 

X 
X 

X 

X 
X 
X 
X 

X 

40 ----------

---------- ----_x----

65 

x 
X 
X 
X 
X 
X 
X 
X 
X 
X 

15 X 
35 ----------

2 ---------- ----------
2 

27 
5 

32 X 

Sphaeronaema sp. also is common; it too appeared in 
more than half the cultures. A large number of spe­
cies have been described for this genus, but the orga­
nism here considered does not fit the description of any. 
It may be a new species. The same can be said for the 
N aemosphaera, 0 eratopycnis, and T hamnidium that are 
listed. 

To our list could be added Podams pistillaris, a large 
bulbous fungus that is common in the region. It was 
not observed around the saltpan, but does grow on the 
flood plain of the Amargosa River about 2 miles up-

stream from the edge of the salt. It was not included in 
this study. 

The correct names of the fungi and algae are given 
in the lists, table 28 and 30. All references in the text, 
where genus only is used, refer to these listed organisms. 

About a third of the cultures were black with sclero­
tia submerged in the agar. Nicot (1960) also mentions 
such blank hyphal masses. Numbers of these sclerotia 
were carefully cut out and replanted. When less 
crowded they developed into Stemphylium or Sphaero­
naema. 

An interesting feature of the dark-spored fungi is 
their apparent resistance to radiant energy. Normally 
fungus spores are killed in from 1f2 minute to 4 minutes 
exposure to ultraviolet light of 2,500 to 2,600 angstroms. 
In the dark spore of Stemphylium ilicis, after exposure 
to these rays for 60 minutes, germination was more than 
90 percent the :following day. Samples exposed in the 
reactor at Brookhaven developed Stemphylium 
although they were irradiated with 600,000r gamma. 

It may be that the melanin pigment in this fungus 
acts as a light shield. Spectrographic tests indicate 
that light from 2,200 to 8,000 angstroms does not pass 
these spores. Durrell and associates have attempted to 
extract this pigment but so far without success. 

Several of the fungi found in Death Valley (table 28) 
are unusual. B otrytis carnea is rare; it has been re­
ported from Europe in humus. Beauveria densa is 
generally considered a parasite of insects. Certain of 
the dark species are undoubtedly undescribed species, 
and the T ha'l'J1111.idiwm listed is a new species. 

DISTRIBUTION OF FUNGI AND ALGAE 

Of the 111 samples of soil and salt that were collected, 
61 contained algae representing 22 species, and 100 con­
tained fungi representing 48 species. In general, algae 
were obtained beyond the limit of the flowering plants 
( 6 percent brine line) as far as the 8 percent brine line. 
Fungi were obtained from samples collected to about 
the 10 or 12 percent brine line. Using ordinary nu­
trient broth and agar, bacteria were obtained from 
samples out to the 15 percent brine line. More extensive 
sampling probably would extend these limits, but the 
results leave little doubt that some such limits affect 
the distribution of algae, fungi, and heterotrophic bac­
teria in the Death Valley salt pan. 

In addition, the fungi population was found to de­
crease in numbers of species and in numbers of spores 
as the salinity increased. The fungi are most abundant 
in the xerophyte zone, which is removed from the salt­
pan. They are of intermediate abundance in the phrea­
tophyte zone at the edge of the pan, and they are least 
abundant on the saltpan. 
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TABLE 29.-Liat of fungi, by aampZea 

Fungi Transacted soil type 

Actinomyces, Curvularia, M yrothecium, Thamnidium, Penicillium, Fine silt, olive-buff _____ - ___________________ _ 
Stemphylium, Botrytis, Rhizopus, Sphaeronaema. 

Penicillium__________________________________________________ Fine sandy, drab-gray------ _________________ _ 
No growth-------------------------------------------------- Sandy gravel, drab-gray; 5 to 6 percent salt ____ _ 
Sphaeronaema, Phoma, N aemosphaera_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ Silty, drab-gray, organic matter ______________ _ 
Naemosphaera___ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ Silty, drab-gray, organic _____________________ _ 
Fusarium, Aspergillus sulfurea____ _ _ ___ ___ __ __ __ _ _ __ _ __ __ __ __ __ Sandy benzo-brown ________ ------------------
Penicillium, Beauveria, Cephalosporium Aspergillus niveus _________ Sandy light-gray ____________________________ _ 
No fungi___________________________________________________ Hard lumps, light-gray _____ ---------------- __ 
Penicillium, Alternaria. (Very few.) ___________________________ Hard salty lumps, pale-drab-gray _____________ _ 

pH 

9.3 

9.2 
8.9 
9.9 
9.6 
8.9 
9.0 
8.6 
8. 1 
7.7 

12 
13 
16 
17 
18 

Stemphylium, Sphaeronaema, Penicillium, Fusarium, M ontemartina___ Sandy, gray-tan, organic_-- _________________ _ 
Scopularopsis, Penicillium, Trichosphaeria_ _ _ _ ___ __ ____ _ __ ____ __ _ __ ---------------------------------------- ------
Stemphylium, Sphaeronaema, Fusarium, Rhizopus, Actinomucor, Fine silt, light-drab _____ - ___________________ _ 

20 

21 
22 
23 

24 

26 
28 

29 
30 
32 
33 
34 
36 
37 
38 
39 
41 
42 
43 
44 

46 
47 
48 
49 

54 

56 
58 
59 
60 
61 

62 

63 

Fimetaria. 
Stemphylium, Sphaeronaema, M ycogone, Fusarium, Aspergillus Fine silt, ecru-drab ____ ------ ____ - __________ _ 

Wentii, A. niveus. 
Stemphylium, Sphaeronaema, Penicillium, Fusarium ______________ Silt and gravel, gray-tan---------------------
No fungL _ _ _ _ _ _ _ _ _ __ _ _ __ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ __ __ ___ ____ __ ____ Lumps, fine silt, ecru-drab ________ ---- _______ _ 
Sphaeronaema, Curvularia, Alternaria, Stemphylium, Cephalosporium, Lumpy silt, drab-gray---- ___________________ _ 

Fusarium, Aspergillus Wentii. 
Stemphylium, Spaeronaema, Penicillium, Rhizopus, Aspergillus Fine silt, wood-brown _______________________ _ 

nidulans. 
Stemphylium, Sphaeronaema, Penicillium________________________ Silty sand, drab-gray, organic matter _________ _ 
Stemphylium, Sphaeronaema, Rhizopus, Fusarium, Aspergillus Lumpy silt, drab-gray _______________________ _ 

Wentii. 
Coarse sand, drab-gray------ __ ---------- ____ _ Sandy, drab-gray ___________________________ _ 
Sandy, light-drab, organic matter _____________ _ 
Sandy light-drab, organic _______________ ---- __ 
Fine silt, tawny-olive _______________________ _ 
Lumpy silt, drab-gray, organic matter ____ -----
Silty, drab-gray ___________ --_- _____________ _ 
Lumpy sandy silt _____ ------------ ____ ---- __ 
Drab-gray, organic _________________________ _ 
Silt, drab-gray, organic matter _______________ _ 
Silt, fawn-color, organic matter _______________ _ 
Sandy, light-brown __ -------------- __ --------
Lumpy granular, brown ___ -----------_-------

Stemphylium, Sphaeronaema, Fusarium ________________________ _ 
Stemphylium, Sphaeronaema, Botrytis, Aspergillus Wentii __ _______ _ 
Stemphylium, Sphaeronaema, Fusarium ________________________ _ 
Stemphylium, Sphaeronaema, Cladosporium, Penicillium __________ _ 
Stemphylium, Chaetomium, Fusarium __________________________ _ 
Curvularia, Penicillium, Fusarium _____________________________ _ 
Fusarium---------------------------------------------------Aspergillus Wentii, 2 species Mucor ___________________________ _ 
Mucor, Aspergillus Wentii, A. niveus __________________________ _ 
Aspergillus W entii, Chaetomium, Curvularia, N aemosphaera _______ _ 
Penicillium, Cladosporium, Fusarium __________________________ _ 
Stemphylium, Aspergillus fumigatus, Chaetomium ________________ _ 
Mucor, Penicillium, Rhizopus, Phoma, N aemosphaera, Aspergillus 

Wentii. 
Sand small rocks, drab-gray ___ --- ____ --------_ Rock salt __________________________________ _ 
Mud, drab -gray ____________________________ _ 
Sandy, rocky, drab-gray _____________________ _ 

Stemphylium, Rhizoys, Fusarium, Phoma Aspergillus W entii __ _____ _ 
Nogrowth--------------------------------------------------Cladosporium ______________________________________________ _ 
Stemphylium, Sphaeronaema, Curvularia, Penicillium, Aspergillus 

Wentii, A. terreus. 
Stemphylium, Curvularia, Cladosporium, Penicillium, Alternaria, Granular lumpy,_pale, drab-gray, gypsum _____ _ 

Aspergillus ftavus, A. Wentii. 
No growth_________________________________________________ Salty hard lumps ___________________________ _ 
Stemphylium, Curvularia, Mycogone, Phoma, Aspergillus Wentii __ _________ ---------- _ --------------------------
Stemphyliu·m, Sphaeronaema, Aspergillus Wentii_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ Sandy, drab-gray, organic ___________________ _ 
Stemphylium, Sphaeronaema, Fusarium_________________________ Silty, drab-gray, organic ____________________ _ 
Stemphylium, Sphaeronaema, Penicillium, Rhizopus, Alternaria, Fine sandy silt ____________________ -- ______ -_ 

Fusarium, Aspergillus Wentii. 
Stemphylium, Sphaeronaema, Rhizopus, Penicillium, Cylindro- Sandy, light-drab ________________ - _________ --

carpon, Phoma, Fusarium. 
Stemphylium, Sphaeronaema, Alternaria, Thamnidium, Rhizopus, Silty sand, drab-gray, organic matter _________ _ 

Sandy, brown, organic ______ -- __ ----_- __ -----
Aspergillus Wentii. 

64 Stemphylium, Sphaeronaema, Aspergillus Wentii ________________ _ 
65 No growth ________________________________________________ _ Sandy, lumpy, drab-gray ___ ------------------

Salty sandy crust, light -olive -gray ___________ - _ 
Silty, lumpy, drab-gray __ --------------------
Granular lumpy, dark-gray ___ -------------_--
Lumpy, granular, buff ___ --------------------
Fine sand, drab-gray, organic matter _________ _ 

66 _____ do ____________________________________________________ _ 
67 _____ do ____________________________________________________ _ 

68 _____ do-----------------------------------------------------
70 _____ do-----------------------------------------------------
71 StemphY_~ium, Sphaeronaema, Stachybotrys, Penicillium, Aspergillus 

Wentn. 
72 Stemphylium, Sphaeronaema, Alternaria, Fusarium, Rhi zopus, Lumpy silt, light-tan ______________________ --

Aspergillus Wentii, Pullaria, 
73 

74 
75 

76 
77 
78 
80 

SterYfphylium, Sphaeronaema, Penicillium, Rhizopus, Aspergillus Sandy silt, full of rocks, drab-gray ___________ _ 
nweus. 

Stemphylium, Sphaeronaema, Aspergillus niveus, Penicillium______ Lumpy, porous, light-gray-tan _______________ _ 
Penicill~?fm, Stachybotrys, Alternaria, Chaetomium, Aspergillus Fine sandy silt, huffy -brown _________________ _ 

Wentn. 
Nogrowth-------------------------------------------------
Stemphylium, Alternaria, M ycogone, Phoma, Ceratopycnis _______ _ 
Sphaeronaema-----------------------------------------------
Stemphylium, Alternaria, Cladosporium Ceratopycnis, Aspergillus 

Bulfureus. 

Lumpy, gray-tan __ --------------------------
Lumpy silt, drab-gray, organic matter _________ _ 
Sand and silt, gray-buff __ -------- __ ---------­
Coarse sand, light-graY-----------------------

9.1 
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DISTRIBUTION OF FUNGI AND ALGAE 

TABLE 29.-List of fungi, by samples-Continued 

Fungi Transected soil type 

Gravel, drab-gray, organic matter ____________ _ 
Sandy, lumpy, drab-gray ____________________ _ 
Sandy granular, drab-gray ___________________ _ 
Sandy, lumpy, drab-gray, organic matter ______ _ 

Stemphylium, Penicillium, Sphaeronaema ______________________ _ 
Stemphylium, Sphaeronaema, Gliocladium Botrytis, Penicillium ___ _ 
Sphaeronaema, Penicillium, Rhizopus _____ _____________________ _ 
Stemphylium, Sphaeronaema, Rhizopus, Penicillium, Fusarium, 

Stachybotrys, Botrytis. 
Stemphylium, Sphaeronaema, Penicllium Botrytis, Aspergillus Lumpy, gray-brown ___ ------ __ --------------

Wentrii, A. fumigatus. 
Sphaeronaema, Stachybotrys, Rhizopus, Actinomucor, Penicillium___ Gravelly loam, gray-brown _____ --------------
Stemphylium, Sphaeronaema, Botrytis, Rhizopus, Mucor spinosa, Silty, rocky, drab-gray ______________________ _ 

M yrothecium, Phoma, Fusarium, Scopularopsis, Aspergillus 
Fumigatus. 

Sphaeronaema, Rhizopus, Fusarium ___________________________ _ Silty, rocky, drab-gray ______________________ _ 
Stemphylium, Sphaeronaema ___ _______________________________ _ 
Stemphylium, Sphaeronaema, Alternaria Penicillium, Fusarium ____ _ 
Stemphylium, Alternaria, Fusarium, Aspergillus Wentii, A. micro-

Sandy, drab-gray, organic matter _____________ _ 
Sandy, drab-gray ___________________________ _ 
Fine sandy, drab-gray ________ --------- ______ _ 

viride. 
Stemphylium, Sphaeronaema, Cladosporium, Alternaria, Aspergillus Sandy, drab-gray, organic matter _____________ _ 

Wentii, A. niveus. 
Stemphylium, Aspergillus Wentii, A fumigatus, A. niger ___________ Sandy, drab-gray, organic matter _____________ _ 
Stemphylium, Alternaria, Aspergillus niger, A. ftavus oryzae_ _ _ _ _ _ _ _ Sandy, drab-gray ____________ --------- ______ _ 
Stemphylium, Sphaeronaema, Fimetaria, Rhizopus, Aspergillus Fine sand, drab-gray, organic matter __________ _ 

Wentii. 
Stemphylium, Sphaeronaema, Penicillium, Fusarium, Aspergillus Lumpy silt, drab-gray _______________________ _ 

Wentii. 
Stemphylium, Sphaeronaema, Fusarium, Penicillium, Aspergillus Silt and gravel, drab-gray ___________________ _ 

Wentii. 
Penicillium, Sphaeronaema, Ceratopycnis__ _ __ __ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ Gravel and silt, drab-gray ___________________ _ 
Stemphylium, Sphaeronaema, Rhizopus, Penicillium, Fusarium, Gravel and silt, drab-gray ___________________ _ 

Pull a Zaria. 
Stemphylium, Sphaeronaema, Fusarium, Penicillium __________ ---- _____________________________ -- _____ -- __ -- __ 
Stemphylium, Cladosporium, Mycogone, Fusarium roseum, Peni- Coarse sand, drab-gray, organic matter ________ _ 

cillium, Cylindrocarpon. 
Stemphylium, Sphaeronaema__ _ _ __ _ _ _ _ _ __ __ __ __ __ _ _ _ __ _ _ _ _ _ _ ___ Silt carbonate zone, gray-brown silt, arrowweed_ 
Stemphylium, Stachybotrys, Botrytis___ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ Silty gray-buff _____________________________ _ 
Very little growth; 1 Fusarium, few of Stemphylium and Aspergillus Fine silt, avelenius __________________________ _ 

Wentii. 
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pH 

8.6 
7. 7 
9.3 
8. 4 

8.4 

8. 8 
9. 1 

9.0 
7.5 
9.2 
9.5 

9.1 

9.2 
9.4 
8.4 

8.4 

9.7 

9.9 
9.0 

9.4 
8.7 

9.3 
8.9 

10.0 

Sphaeronaema, many Fusarium, Mucor, Aspergillus, Curvularia, 
Pythium, Rhizopus, Cephalosporium. 

Wet lumpy, huffy-brown _____________________ ------

TABLE 30.-List of algae found in. Death Valley 

Green algae 

Ohl()lf'ococcum humicoZa (Naeg.) Rabenhorst 
Protococcus viridis Agardh 
Rhizoclonium hieroglyphicum (C.A.Ag) Kuetzing 
Anacystis montana (Lightf.) Dr. and Daily 

Blue-green algae 

Gomphosphaeria aponina Kuetz. 
Ohamaesiphon incrustans Grunow 
Oscillatoria .A.gardhii Gomont 
Phormidium tenue (Menegh) Gomont 
Phormidium angustissimum W. and G. S. West 
Phormidiu.m fovcolarum (Mont) Gomont 
Phormidium subcapitatum Boye P. 
Phormidiu.m ambiguum Gomont 
Phormidium dimorpha Lemm 
Phormidium foveolarum (Mont) Gomont 
Lyngbya thermalis Roth 
Microooleus vaginatus (Vauch.) Gomont 
Anabaena variabiZis Kuetz. 
Nostoc commune Vauch. 
N ostoc muscorum Agardh 
Tolypothri:JJ distorta Kuetz. 
OaZothriaJ castelZii Fremy 
Ooccochloris stagnale Sprengel 

In the xerophyte zone, where the ground contains 
little salt but is dry except for wetting by dew and the 
infrequent rains, 30 samples averaged 5 species of fungi 
per sample and yielded a total of 26 different species. 
Further, no sample from the xerophyte zone failed to 
yield fungi. 

In the phreatophyte zone, where the ground is damp 
but salty, the number of species and individuals is fewer 
than in the xerophyte zone, and the population de­
creases pan ward. In the mesquite zone 14 samples aver­
aged 4 species per sample and yielded a total of 18 dif­
ferent species. In the belt of arrowweed and pickle­
weed 16 samples averaged 3 species per sample and 
yielded a total of 22 different species. The only sam­
ples from the phreatophyte zone that yielded no fungi 
were from the very salty ground with pickleweed. 

In the bare saltpan, beyond the 6 percent brine line, 
15 samples averaged 2 species per sample, but half 
these species were obtained in only 2 samples. The re­
maining 13 samples averaged only 1 species per sample 
and 9 of the 15 samples yielded no fungi. 
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Altogether a total of 50 species of fungi were identi­
fied. Seven of these species were obtained in more than 
10 samples and were distributed as follows: 

Frequency of occurrence in-

Genus 
29samples 30samples 16 samples 

All 75 
Xerophyte phreato- Beyond 6 samples 

zone phytezone percent 
brine line 

Stemphylium __ ___________ 25 21 3 49 
Sphaeronaema _____ -- _____ 28 15 0 43 
Penicillium _________ - _____ 20 7 5 32 Fusarium ________________ 16 10 1 27 
Aspergillus Wentii ____ _____ 13 8 3 24 Rhizopus ____ _____________ 13 4 0 17 Alternaria ________________ 4 5 3 12 

Four kinds of fungi that were obtained in 5 or more 
samples were restricted to samples from the xerophyte 
and phreatophyte zones. These fungi are Phoma, 
Aspergilltus niveus, Muoor, and Staohybotrys. Clado­
sporium was found in the saltpan and the phreatophyte 
zone but not in the xerophyte zone. 

The inverse relation between salinity and population 
of fungi was found also by Chester W. Emmons who 
participated with us in the sampling. He too collected 
about 100 samples, but for a very different purpose, 
namely to detect the possible presence of patho:trenic 
fungi. His samples were taken by inoculating a plate 
at the site of collection with a sterile cotton-tipped swab. 
No attempt was made to equalize the samples and, in 
fact, heavier inoculations were deliberately made in the 
more saline ground where it was felt there was less 
probability of encountering large numbers of spores. 
Even so, he found fewer fungi in the zone of pickleweed 
than in the zone of arrowweed, and fewer in the arrow­
weed than in the mesquite (Emmons, written communi­
cation, 1961). 

In a laboratory test of the salinity controls, the two 
most common fungi, Stemphylium and Sphaeronaema, 
were cultured on media containing 1, 3, 6, 10, 20~ and 
30 percent NaCl. These fungi grew well in salt con­
centrations as high as 6 percent. The osmotic pull of 
such a solution, roughly twice the concentration of sea 
water, is about 50 atmospheres. 

In another laboratory test of temperature limits, 
Stemphylium and Sphaeronaema were grown, though 
poorly, at 131 °F. 

Although the occurrence of fungi increases with de­
crease in the salinity, the sampling failed to test the 
correlation with the content of organic matter (p. 56). 
In general the content of organic matter decreases as 
the salinity increases. 

The algae (table 27) did not show comparable zoning. 
Twenty-nine samples from the xerophyte zone yielded 
12 species. Fifteen samples from the phreatophyte 
zone yielded 9 species. And 23 samples from the salt­
pan, out to the 8 percent brine line, yielded 10 species. 
Five species appeared in more than 5 samples. Of 
these, 3 species (Anabaena variabuis, Miorocoleus vagi­
natus, and Phormidium tenue) appeared in all three 
major zones-xerophyte, phreatophyte, and bare salt­
pan. One species ( Ohloroooooum humioola) was found 
in the xerophyte and phreatophyte zones but not in the 
saltpan, and one (Anacystis montana) was found in the 
xerophyte zone and the saltpan hut not in the phreato­
phyte zone. 

On the gravel fans, algae occur regularly under 
translucent stones, most of quartz and quartzite but 
some of white limestone or calcite too. Every such 
stone overturned was found to have algae on the under 
side, where dew collects, where there is protection from 
the evaporation, and where ample light can come 
through the translucent rock. Durrel (1956) has pre­
viously noted such occurrences in other areas, and has 
referred to them as "microgreenhouses". The algae 
found under translucent stones in Death Valley include: 

Phormidium tenue 
P. Retzii 
P. subcapitatum 
Microcoleus vaginatus 
Anacystis ttwntana 
N ostoc musoorum 
TolypothriaJ distorta 

At the edge of a few opaque pebbles, Ohlorella vUl­
garis was found. It occurred at the ground line on the 
shaded side of the pebble. 

Algae also occur at sulfate marshes, like the pool at 
Badwater and Cottonball Marsh. These pools consist 
of lumpy growths of gypsum, a few inches in diameter, 
coated by sodium chloride. In dry seasons sodium 
chloride is deposited ; in wet seasons the chloride is 
flushed out of the system and gypsum or other sulfates 
are deposited. The salinity of the water is as high as 
6 percent. Algae grow on the bottom side of the trans­
lucent lumps of gypsum. The species found included 
Anaoystis montana, Mioroooleus vaginatus, and four 
species of Phormidium. The occurrences also illustrate 
the discrepancy in pH values that has already been noted 
(p. 56). In dry seasons the water in these pools has a 
nearly neutral pH but the algae layers are distinctly 
alkaline. 

On crusts of sodium chloride Phormidium tenue and 
Anabaena variabilis were found. Cotton balls of the 
borate minerals ulexite or probertite were found to con­
tain Oooooohloris stagnale. 
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The salty water in which the algae were founcl has 
an osmotic pressure up to about 50 atmospheres. Sea 
water, which contains about 3.3 percent salts, has an 
osmotic pressure of slightly under 20 atmospheres. 
Almost all the species found in Death Valley are blue­
green algae. 

In brief, around the Death Valley saltpan the micro­
flora responds to environmental differences very 1nuch 
as do the flowering plants, especially in regard to avail­
ability and salinity of the moisture. The striking con­
centric zonation of plants around the saltpan-from 
flowering plants, to algae, to fungi, to heterotrophic 
bacteria, and probably to autotrophic bacteria-pro­
vides an example of the progressively greater adapta­
bility of the more primitive plants to severe conditions 
of environment. 

REFERENCES CITED 

[An excellent bibliography of soil geochemistry as related to plant 
chemistry and growth is given by ·carlisle and Cleveland ( 1958) ] 

Abrams, Leroy, 1940, Illustrated flora of the Pacific states, 
Washington, Oregon, and California; vol. 1. Ophioglos­
saceae to Aristolochiaceae, ferns to birthworts, new. ed.: 
Stanford, Oalif., Stanford Univ. Press, 538 p. 

---1944, Illustrated flora of the Pacific states, Washington, 
Oregon, and California ; vol. 2. Polygonaceae to Kramer­
iaceae, buckwheats to krameria : Stanford, Calif., Stanford 
Univ. Press, 635 p. 

---1951, Illustrated flora of the Pacific states, Washington, 
Oregon, and California ; vol. 3. Geraniaceae to Scrophular­
iaceae, geraniums to figworts: Stanford, Calif., Stanford 
Univ. Press, 866 p. 

Abrams, Leroy, and Ferris, R. S., 1960, Illustrated flora of the 
Pacific states, Washington, Oregon, and California: v. 4, 
Bignoniaceae to Compositae, bignonias to sunflowers: Stan­
ford, Calif., Stanford Unlv. Press, 732 p. 

Antevs, E. V., 1948, The Great Basin, with emphasis on glacial 
and postglacial times ; 3, Climatic changes and pre-white 
man: Utah Univ. Bull., v. 38, no. 20, p. 168-191. 

Ashby, W. C., and Beadle, N.C. W., 1957, Studies in halophytes, 
III. Salinity factors in the growth of Australian salt­
bushes: Ecology, v. 38, no. 2, p. 344-352. 

Barghoorn, E. S., and Linder, D. H., 1944, Marine fungi-their 
taxonomy and biology: Farlowia, v. 1, p. 395--467. 

Beadle, N.C. W., 1951, The misuse of climate as an indicator of 
vegetation and soils: Ecology, v. 32, no. 2, p. 343-345. 

Beadle, N. C. W., Whalley, R. D. B., and Gibson, J. B., 1957, 
Studies in halophytes. II, Analytic data on the mineral 
constituents of three species of A.triplem and their accom­
panying soils in Austrialia: Ecology, v. 38, no. 2, p. 340-344. 

Billings, W. D., 1950, Vegetation and plant growth as affected 
by chemically altered rocks in the western Great Basin : 
Ecology, v. 31, no. 1, p. 62-74. 

Bolyshev, N. N., and Evdokimova, T. I., 1944, The nature of takyr 
crusts: Pedology, nos. 7-8, p. 345-352. 

Bonar, Lee, and Goldsmith, G. W., 1925, Distribution and 
behavior of soil algae: Carnegie lnst. Washington, Yearbook 
24, p. 324. 

Bowser, C. W., 1957, Introduction and spread of the undesirable 
tamarisks in the Pacific southwestern section of the United 
States and comments concerning the plants influence upon 
the indigenous vegetation: Am. Geophys. Union, Pacific 
Southwest Regional Mtg., 9 p.; also abs. in Am. Geophys. 
Union Trans., v. 38, no. 3, p. 415-416. 

Breazeale, E. L., McGeorge, W. T., and Breazeale, J. F., 1951, 
Movement of water vapor in soils : Soil Science, v. 71, p. 
181-185. 

Oannon, H. L., 1960. The development of botanical methods of 
prospecting for unranium on the Colorado Plateau: U.S. 
Geol. Survey Bull. 1085-A, p. 1-50. 

Cannon, W. A., 1911, The root habits of desert plants: Carnegie 
Inst. Washington Pub. 131, 96 p. 

Carlisle, Donald, and Cleveland, G. B., 1958, Plants as a guide to 
mineralization: California Div. Mines Spec. Rept. 50, 31 p. 

Clarke, G. L., 1954, Elements of ecology: New York, John Wiley 
and Sons, Inc., 534 p. 

Coville, F. V., 1893, Botany of the Death Valley Expedition: U.S. 
Natl. Herbarium Contr., v. 4, 363 p. 

Cowles, H. C., 1899, The ecological relations of the vegetation on 
the sand dunes of Lake Michigan. Part I, Geographical 
relation of the dune floras: Bot. Gaz., v. Zl, p. 95-117, 
167-202, 281-308, 361-391. 

Dayton, W. A., 1931, Important western browse plants: U.S. 
Dept. Agriculture Misc. Pub. 101, p. 1-214. 

Deevey, E. S., and Flint, R. F., 1957, Postglacial hypsithermal 
interval: Science, v. 125, no. 3240, p. 182-184. 

Dillon, L. S., 1956, \Viscon:sin climate and life zones in North 
America: Science, v. 123, no. 3188, p. 167-176. 

Drouet, Francis, 1943, Myxophyceae of eastern California and 
and western Nevada: Field Museum Nat. History, Botanical 
series, v. 20, p. 145-176. 

Durrell, L. W., 1956, Micro greenhouses: The Green Thumb, 
July, p. 17. 

---1962, Algae of Death Valley: Am. Micros. Soc. Trans. 
v. 81, p. 267-273. 

Durrell, L. W., and Shields, L. M., 1961, Characteristics of soil 
algae relating to crust formation : Am. Micros. Soc. Trans., 
v. 80, p. 73-79. 

Fletcher, J. E., and Martin W. P., 1948, Some effects of algae and 
molds in the rain crusts of desert soils: Ecology, v. 29, 
p. 95-100. 

Flowers, Seville, 1934, Vegetation of the Great Salt Lake region: 
Bot. Gaz., v. 95, p. 353-418. 

Forde, C. D., 1931, Ethnography of the Yuma Indians: California 
Univ., Pubs. Am. Archeology and Ethnology, v. 28, no. 4, 
p. 83-278. 

Geiger, R., 1957, The climate near the ground, 2d ed.: (trans­
lation by M. N. Stewart and others) Cambridge, Mass., 
Harvard Univ. Press 494 p. 

Gilman, J. C., 1957, A manual of soil fungi, 2d ed.: Ames, Iowa 
State College Press, 450 p. 

Grinnell, Joseph, 1937, Mammals of Death Valley: California 
Acad. Sci. Proc., v. 23, no. 9, p. 115-169. 

Hansen, H. P., 1947, Postglacial forest succession, climate, and 
chronology in the Pacific Northwest: Am. Philos. Soc. 
Trans., v. 37, pt. 1, 130 p. 

Hill, T. G., 1908, Observations on the ismotic properties of root 
hairs of certain salt marsh plants: The New Phytologist, 
v. 7. 

Hunt, A. P., 1960, Archeology of the Death Valley salt pan, 
California: Utah Univ. Anthropol. Papers 47, 413 p. 



66 PLANT ECOLOGY OF DEATH VALLEY, CALIFORNIA 

Hunt, C. B., and others, 1965a, Stratigraphy and structure Deatll 
Valley, California: U.S. Geol. Survey Prof. Paper 494-A. 
(In press.) 

---1965b, Hydrologic basin, Death Valley, California: U.S. 
Geol. Survey Prof. Paper 494-B. (In press.) 

Hunt, C. B., assisted by Averitt, Paul, and Miller, R. L., 1953, 
Geology and geography of the Henry Mountains region, 
Utah: U.S. Geol. Survey Prof. Paper 228, 234 p.l19541. 

Hurd, R. G., and Sutcliffe, J. F., 1957, An effect of PH on the 
uptake of salt by plant cells: Nature, v. 180, no. 4579, 
p. 233--235. 

Jaeger, E. C., 1941, Desert wild flowers: Stanford, Calif., Stan­
ford Univ. Press, 322 p. 

Jepson, W. L., 1951, A manual of the flowering plants of Cali­
fornia, 2d ptg.: Berkeley, California Univ. Press, 1238 p. 

Kurz, Herman, 1942, Florida dunes and scrub vegetation and 
geology : Florida Geol. Survey Bull. 23, 154 p. 

Kurz, Herman, and Wagner, Kenneth, 1957, Tidal marshes of 
the Gulf and Atlantic Coasts of northern Florida and 
Charleston, South Carolina: Florida State Univ. Studies 24, 
168 p. 

Laudermilk, J. D., and Munz, P. L., 1934, Plants in the dung of 
Nothrotherium from Gypsum Oave, Nevada: Carnegie Inst. 
Washington Pub. 453, p. 2~7. 

Lebedeff, A. F., 1928, Methods of determining the maximum mole­
cular moisture holding capacity of soils : First Internat. 
Cong. Soil Sci. Proc., P. 551-563. 

Lipman, C. B., 1926, The concentration of sea-water as affecting 
its bacterial population: Jour. Bacteriology, v. 12, p. 
311-313. 

Magistad, 0. C., 1945, Plant-growth relations on saline and 
alkaline soils: Bot. Rev., v. 11, p. 181-230. 

Marks, J. B., 1950, Vegetation and soil relations in the lower 
Colorado Desert: Ecology, v. 31, no. 2, p. 176--193. 

Meinzer, 0. E., 1923, Outline of ground-water hydrology, with 
definitions: U.S. Geol. Survey Water-Supply Paper 494, 71 p. 

---1927, Plants as indicators of ground water: U.S. Geol. 
Survey Water-Supply Paper 577, 95 p. 

Merriam, C. H., 1892, The geographic distribution of life in 
North America, with special reference to the Mammalia : 
Washington Biol. Soc. Proc., v. 7, p.1-64. (Reprint 1893, in 
Smithsonian Inst. Ann. Rept., 1891, p. 365-415.) 

---1898, Life zones and crop zones of the United States: 
U.S. Div. Bioi. Survey Bull., v. 10, 79 p. 

Nicot, J., 1960, Some characteristics af the microflora of desert 
soils, in Parkinson, D., and Ward, J. S., ed:s., International 
Symposium on the Ecology of Soil Fungi, Liverpool Uni­
versity, 1958: Liverpool, Liverpool Univ. Press, p. 324. 

Oosting, H. J., 1948, Study Olf plant communities; an introduc-­
tion to plant ecology : San Francisco, W. H. Freeman and 
Co., 389p. 

Parish, S. B., 1930, Vegetation of the Mohave and Colorado 
Deserts of southern California: Ecology, v. 11, no. 3, p. 
481-499. 

Putnam, G. P., 1947, Death Valley Handbook: N~ York, Duell, 
Sloan and Pearce, Inc., 84 p. 

Robinson, T. W., 1958, Phreatophytes: U.S. Geol. Survey Water­
Supply Paper 1423, 84 p. 

Schmidt-Nielsen, Bodil, and Schmidt-Neilsen, Knut, 1950, Evap­
orative water loss in desert rodents in their natural hab­
itat: Ecology, v. 31, no. 1, p. 75-85. 

Shakhov, A. A., and Kachinskaya, E. S., 1947, Some physical­
chemical properties of the cell sap of halophytes: Akad. 
Nauk SS.SR Doklady, v. 58, p.1817-1820. 

Shantz, H. L., and Piemeisel, R. L., 1940, Types of vegetation in 
Escal·ante Valley, Utah, as indicators of soil conditions: 
U.S. Dept. Agriculture Tech. Bull. 713,46 p. 

Shantz, H. L., and Zon, R., 1924, Natural vegetation: Atlas Am. 
Agriculture. 

Shields, L. M., Durrell, L. W., and Sparrow, A. H., 1961, Pre­
liminary observations on radiosensitivity of algae and fungi 
from soils af the Nevada Test Site: Ecology, v. 42, no. 2, p. 
440-441. 

Shreve, Forrest, 1940, The edge of the desert : Assoc. Pacific 
Coast Geogr. Yearbook, v. 6, p. 6--11. 

Shreve, Forrest, and Wiggins, I. L., 1951, V egeta.tion and flora 
of. 

Shreve, Forrest, and others, 1910, The plant life of Maryland : 
Maryland Weather Service, v. 3, Johns Hopkins PresS, Balti­
more, Md., 533 p. the Sonoran Desert : Carnegie Inst. Wash­
ington Pub. 591, v. 1. 

Sinclair, J. G., 1922, Temperatures of the soil and air in a 
desert: U.S. Monthly Weather Rev., v. 50, p. 142-144, 219. 

Smith, N. R., and Dawson, V. T., 1944, The bacteriostatic action 
of rose bengal in media used for plate counts of soil fungi : 
Soil Science, v. 58, p. 467-471. 

Spears, J. R., [1892], Illustrated sketches of Death Valley and 
other borax deserts of the P.acific coast: Chicago and New 
York, Rand-McNally Oo. 

Talbot, M. ,V., 1937, Indicators of southwestern range condi­
tions: U.S. Dept. Agriculture Farmers Bull. 1782, 34 p. 

Tidestrom, Ivar, 1925, Flora of Nevada and Utah: U.S. Natl. 
Herbarium Contr., Smithsonian Inst., Washington, v. 25. 

U.S. Weather Bureau, 1932, Climatic summary of the United 
States, climatic data to 1930 inclusive: Nevada, sec. 19, 34 
p. 

---1935, Climatic summary of the United States, climatic 
data to 1930 inclusive: Southern California and Owens 
Valley, sec. 18, 38 p. 

Vali't Hoff, J. H., 1903, Physical chemistry in the ·service of the 
sciences: (English version by Ale-xander Smith) Chicago, 
Chicago Univ. Press, 126 p. 

Waksman, S. A., 1952, Soil microbiology: New York, John Wiley 
and Sons., Inc., 356 p. 

Walker, R. B., 1948, Molybdenum deficiency in serpentine barren 
soils: Science, v.108, no. 2809, p. 473-475. 

Warcup, J. H., 1950, The soil-plate method for isolation of fungti 
from soil: Nature, v.166, p. 117.-118. 

Warming, Eugenius, and Vahl, Martin, 1909, Oecology of plants; 
an introduction to the study of plant communities:: New 
York and London, Oxford Univ. Press, 422 p. 

Weaver, J. E., and Clements, F. E., 1938, Plant ecology, 2d ed.: 
New York and London, McGraw-Hill Book Co., Inc., 601 p. 

Went, F. W., 1949, Ecology of deser.t plants. II, The effect of 
rain and temperature on germination and growth: Ecology, 
v. 30, p. 1-13. 

Went, F. W., and Westergaard, M., 1949, Ecology of desert 
plants. III. Development of plants in the Death Valley 
National Monument, Oalifornda: Ecology, v. 30, p. 26-38. 

ZoBell, C. E., 1946, Marine micrObiology, a monograph on hydro­
bacteriology: Waltham, Mass., Chronica Bontanica Co., 240 
p. 

---1957, Marine bacteria: Geol. Soc. America Mem. 67, v. 1, 
p. 1035-1040. 

ZoBell, C. E., Anderson, D. Q., and Smith, W. W., 1937, The 
bacteriostatic and bactericidal action of Great Salt Lake 
water: Jour. Bacteriology, v. 33, p. 253-262. 



INDEX 

Page 

Acid-soluble salts in soils, analyses------------------------------ 3, 17, 19, 22, 33, 36,44 
Acknowledgments ______ ---------------------------------- ___ ---------------__ 2, 3, 4 
Algae, distribution ____ ------------------------------------------------------- 59, 61 

methods of sampling and culturing __ ------------------------------------- 56 
occurrence in zones_------------------------------------------------------ 64 

Algae as environment indicators---------------------------------------------- 2, 55 
Alkali sacaton grass·---------------------------------------------------- 13, 25, 36,43 
AUenrolfea occidentalis __ --------------------------------------------------- 13, 25,29 
Altitude, relation to soil temperature_---------------------------------------- 6, 7 
Aquatic plants ___ ------------------------------------------------------------ 44 
Arrowweed.--------------------------- ___ ------------------------------ 13, 25, 37, 43 
Ash, term defined __ ---------------------------------------------------------- 3 
Ash determination------------------------------------- 3, 17, 18, 21, 24, 33, 34, 36, 40,52 
Athel tree __ ------------------------------------------------------------------ 13 
Atmospheric factors affecting plant distribution._---------------------------- 45 
Atriplex canescens___ _ _ __ _ ___ _ _ _ _ _ _ _ __ _ _ __ _ _ _ _ _ _ _ _ __ _ __ _ ___ _ __ _ __ _ ___ _ __ _ ___ _ _ _ 13 

confertifolia. __ -----_______ -_- -- __ -- ___________ ---_ __ _ _ __ _ ___ _ __ ___ _ _ _ _ _ _ __ 13 
hymenelytra ___________________________________________________ 13, 14, 15,16,17, 25 
polycarpa ___________________________________________________________ 13,17, 18,25 

Baccharis sergiloides (desert baccharis) ___ ------------------------------------- 13, 43 
Bare areas_------------------------------------------------------------------- 44 
Beavertail cactus_____________________________________________________________ 13 

Bebbia juncea. ----------------------- ____ -------------------------------- __ 13, 24, 25 
Blackbrush ____ ----- __ -_______ ---_________________ ------ _____ -----_ __ ___ __ _ _ __ 13 

Boerhaavia annulata _______ _________ ------------------------------------------- 13, 24 
Bulrush __________ ---__________ ---_ --------_____ ------______ -----_ ---------_ _ _ 13 

Burroweed. _ -------------------------------------------------------------- 13, 22, 23 

Cactus __________ ------------------------------------------------------------- 13 
Calcium determination.------------------------------------------------------ 3 
Carbonate determination ________ --------------------------------------------- 4 
Car ex sp ___ ----------------------- ____ -------------------------------------- __ 13, 43 
CattaiL _________________ ---------- ___ ---------------------------------------- 13, 43 
Cattle spinach---------------------------------------------------------- 13,17,18, 25 
Cedar ___ ------- __ ------------------------- _________ -------------------------- 13 
Cheesebush _____ --------------------------------- _______ ------------------- 13, 24, 25 
Chloride determination _____________ ---------- ______ -------------------------- 3 
Chrysothamnus sp _________________ -------------------------------------------- 13, 43 
Climate, effect on plant distribution .• ---------------------------------------- 44,45 
Climate of the area_---------------------------------------------------------- 6 
Climatic factors affecting plant distribution___________________________________ 45 

Coleogyne ramosissima __ ------------------------------------------------------ 13 
Cottontop cactus ______ ------ ___ ---------_-------------- __ ----------------____ 13 
Creosotebush----------------------------------------------------------- 13,19, 21,25 
Cucurbita palmatum __ --- ___ ------ ________ ------------ __________ -------------- 13 
Cuscuta californica ______ ------------- ____ -------------------- ______ ------- ____ 13 

Desert baccharis ___________________ ------------------- __ ------------------ ____ 13 
DeserthollY------------------------------------------------------- 13,14, 15, 16, 17,25 
Deserttrumpet _ -------------- ______ ------------------- _______ ------------- 13, 24, 25 
.Di8tichli8 stricta ___ ---- __ ---------- ___ --------------- ___ -------------------- 13, 25, 35 
Distribution of plants_--------------------------------------- 4, 13, 44, 61; pl. 1 Ditchgrass____ _ _ _ ___ _ __ _ __ _ _ __ _ __ _ ___ _ _ _ _ _ __ _ __ _ __ _ __ _ __ _ _ __ _ __ _ _ __ _ __ ___ __ __ _ 13 
Dodder ____ ----_______________________________________________________________ 13 

Drought, plant adaptability------- ____ --------------------------------------- 47 

Echinocactus polycephalus __ _______ -------------------------- ___ --------------- 13 
Ecological setting of Death Valley-------------------------------------------- 4 
Edaphic factors affecting plant distribution----------------------------------- 47 
Elements not reported, limits of detection_----------------------------------- 4 
.Encelia farinosa ___________________________________________ -------------- 13, 22, 23, 25 
Eriogonum injlatum ________________________________________ : _______________ 13, 24,25 

Eucnide uren&. --------------------------------------------------------------- 13,24 
Euphorbia sp. _ ------------------------------------------------------------ 13, 24,25 

Page 

Floras dominated by creosotebush-------------------------------------------- 19 
Four-wing saltbush___________________________________________________________ 13 

FtanBeria dumasa.--------------------------------------------------------- 13, 22,23 
Fungi, dark-spored, resistance to radiant energy------------------------------ 61 
Fungi, distribution ____________________________________ --- ______ ---_---------_ 61 

methods of samoling and culturing __ ------------------------------------- 56 
relation of salinity to population------------------------------------------ 64 
sampling and culturing.-------------------------------------------------- 56 

Fungi as environment indicators---------------------------------------------- 2, 55 

Geologic factors relating to plant distribution.-------------------------------- 47 
Gourd. ________________________ ---____________ --------------_____ ------_--_--- 13 

Grease wood. __ ---------_----------------------------------------------------- 13 
Ground-water analyses_------------------------------------------------- 3, 37, 41,44 

Honey mesquite-------------------------------------------------------- 13, 25, 40,43 
Honeysweet_ -------------------------------------------------------------- 13, 24, 25 Hymenoclea BalBola _________________________________________________________ 13, 24,25 

IncienSO---------------------------------------------------------------- 13, 22, 23,25 
Inkweed----------------------------- -------------------------------------- 13, 25, 34 

Joshuatree ______ ----------------- _ -------------------------------------------- 13 
JuncUB Cooperi. -------------------------------------------------------- 13, 25, 34, 43 

Larrea tridentata_ ------------------------------------------------------- 13,19, 21,25 
Life zones in the area.-------------------------------------------------------- 4 
Location of the area ____ ------------------------------------------------------ 4, 5 

Magnesium determination_ _________ ------_---------------------------------__ 3 
Marsh plants •. _________ ----_------------------------------------------------- 44 
Melanin pigment in the fungL----------------------------------------------- 61 
Mesquite. See under Honey mesquite, Screwbean mesquite. 
Minor elements, determination----------------------------------------------- 4 
Mojave Desert plant life------------------------------------------------------ 4 

Opuntia basilariB---------- --------------- _______ -- _____ ------------------ __ _ _ _ 13 
Organic-matter content of fungL--------------------------------------------- 64 

Palm. See under Washington palm. 
Peucephyllum schottL------------------------------------ ------------------ 13, 24, 25 
Phragmites communi&. ____ ---- _________ -- __ ---- __ ----------------------------_ 13, 43 
Phreatophytes _________ ---- ____ ---- ___________ ---- __________ ----- ___ --------- 4, 9, 24 
Pickleweed ______ ----------- ____ --- ______ --- _ ------ ____ -------------------- 13, 25, 29 
Pigment in the fungL.------------------------------------------------------- 61 
Plant ash from soils, analyses __________________________ 3,17, 18, 21, 24, 33, 34, 36, 40,52 
Plant growth ____ ----------- ___ --- ____ ---------------------------------------- 53 
Plant mapping, extent------------------------------------------------------ 4; pl. 1 
Plant succession ___ -------- ____ ----------------------------------------------- 53 
Plant zones in the area-------------------------------------------------------- 4 
Plants as environment indicators.-------------------------------------------- 2,13 
Pluchea sericea---------------------------------------------------------- 13, 25, 37,43 
Potassium determination ______________________ ---- ____ ----- __ ------ ____ ------ 3 

Precipitation in the area------------------------------------------------------ 7, 8 
Prosopis juli/lora ________________________________________________________ 13, 25, 40,43 

pubescens _________________________________________________ --- ______ --- ____ 13, 43 

Pygmy cedar-------------------------------------------------------------- 13, 24, 25 

Rabbit brush ____ ------------------------------------------------------------- 13,43 
Reed grass, common---------------------------------------------------------- 13,43 
Ruppia maritima ___ ---------------------------------------------------------- 13 
Rush _______ ------------------------------------------------------------ 13, 25, 34, 43 

Sacaton grass----------------------------------------------------------- 13, 25, 36,43 
Salicornia SP------------------------------------------------------------------ 13 
Salix sp _________ --------------------- ____ ---- ___ ---------------------- __ ------ 13 

67 



68 INDEX 

Page 

Salt Desert shrub------------------------------------------------------------- 4, 13 
Saltbush, four-wing saltbush----------------------------------------------- 13, 25,37 
Saltcedar _ -------- ______ --------- ___ ----------- ____ ----------------- ____ ___ ___ 13 
Salt grass __ ---------------------------------------------------------------- 13, 25,35 
Sarcobatus vermiculatus _______ --- ______ ------------------------- _ --------- ___ _ 13 
Scirpus sp _____ ----------------------- _ ------------------ ____ ---------- ___ ____ 13 
Screwbean mesquite ___ ---------- ___ --- ____ ------- _______ --------------_______ 13, 43 
Sedge ______ ------------------------------------------------------ ___ ------- ___ 13, 43 
Shadscale. ___ _ __ _ _ _ _ _ _ _ _ _ _ _ _ __ _ __ _ _ _ _ _ _ __ _ _ _ _ _ __ _ _ _ _ _ __ _ _ _ _ _ __ _ _ _ _ __ _ _ _ _ _ __ _ _ _ 13 

Shreve and Wiggins, quoted-------------------------------------------------- 4 
Size analyses of soils __ ------------------------------------------------------- 9 
Sodium determination __________ ----------------------------------------______ 3 
Soil conditions in the area __ -------------------------------------------------- 8 
Soil salts, analyses __ ~----------- _____ ----- _______ --------------- ___ ----------_ 3 
Sonoran Desert plant life_____________________________________________________ 6 

Sonoran zone_--------------------- ____ --------------------- ____ -------------- 4 
Southern Desert shrub_------------------------------------------------------ 4 
Sporobolus airoideB------------------------------------------------------ 13, 25, 36,43 
Spring waters, analyses ________ -------- ________ ------------------------------_ 44 
Spurge __ ------------------------- _________ ------------------- ____ --------- 13, 24, 25 
Stephanomeria sp _____ ----------------------------------------------------- ___ 13, 24 
Sticky-ring __ --- ______ -------_________________________________________________ 13, 24 

Page 

Stingbush. ------------------------------------------------------------------- 13, 24 
Suaeda sujJrute.~cens _ ------------------------------------------------------ 13, 25, 34 
Sulfate determination ______ --------------------------------------------------- 3 
Surface-water analyses ..• ------------------------------------------------ 3, 32, 37,39 

Tamarisk--------------------------------------------------------------- 13, 25, 32,43 
Tamarix aphylla __ --------------------------------------------------------- 13, 25, 32 
Tamarix oallica (or T. pentandra?)_ ------------------------------------- 13, 25, 32,43 
Temperature of the soil .. ----------------------------------------------------- 6, 7 
Tidestromia oblongifolia_ --------------------------------------------------- 13, 24,25 
Transpiration by plants in the area·------------------------------------------ 8 
Typha angusti[olia. ----------------------------------------------------------- 13, 43 

Washingtonia filifera ___ ------------------------------------------------------- 13 
Washington palm ________ ---_--_________ --_---- __ --- ____ ------- __ ---- ___ ---___ 13 
Water-soluble salts in soils, analyses _____________________________________ 3, 32, 37,41 

Willow _____ ----------------------------------- ___ ---------------------------- 13 
Woody plants as environment indicators_------------------------------------ 2, 13 

Xerophytes ____ ----_______ ---_--_----_---------_-_---------------------------- 14 

Yucca brevi folia __ ------------------------------------------------------------- 13 

U.S. GOVERNMENT PRINTING OFFICE: 1966 o-782-626 




