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Editorial
Rational Utilization of Desert Resources

Deserts occur where replenishment of moisture
chronically lags loss by evaporation and transpiration. Such regions are reckoned among the harshest
of Earth's environments for plant growth. A geog-

rapher once suggested that desert be defined as
"a region in which crops require irrigation using
water from an external source."

Proximity to the Tropics. The classic deserts of
the world tend to occur in the "Horse Latitudes"
near 30 °N and 30 °S, only eight degrees from the
tropics of Cancer and Capricorn. High parameters of
sunlight and heat are assets shared by these deserts
with the tropics. Not shared is an abundance of water, a commodity which owes its geographic pattern
to evaporation from tropical oceans between 22 °N
and 22 °S and also to jet- stream exchange with colder
polar air and consequent precipitation. In the inter-

mediate desert -prone Horse Latitudes, however,
tropical air having already ascended, cooled, lost its

moisture and increased in density, subsides and
exerts a desiccating influence on the land. The
desert -prone latitudinal belts have special problems.
Utilization by man can increase desertification but
effective management can reverse the process.

Water. Water is a precious commodity in the
desert. Rivers and their vegetation are inseparable
assets of the deserts they flow through. Supply and
demand dictate conservation and care in utilization

the ground and stick to each other and to the microtopography to form a true leaf -litter which aids
penetration of water and becomes incorporated into
the soil to provide both fixed nitrogen and humus. In
addition, crusts of soil algae and lichens stabilize the
soil surface and provide nitrogen.
Unleached Desert Soils. Desert soils are generally
not significantly leached of the minerals necessary
for plant growth. This represents a potential advantage for plant growth over humid regions.

Lebensraum. Mankind evolved from a hunting
and gathering creature into a veritable agriculturalis
facies of Homo sapiens, concentrating populations
where crops could be easily grown. Division of labor

and the Industrial Revolution produced an indus-

trialis facies of Homo amid the agriculturalis
mainstay. Competition for lebensraum and the absolute dependence of industrialis on agriculturalis re-

sulted in a peaceful solution whereby industrialis
exploited space vertically in a manner compatible

with horizontal agriculturalis utilization of the
landscape in productive regions. But now a true
senilis facies of Homo is emerging as a major cultural segment of mankind, depending exclusively on

agriculturalis and industrialis and not requiring
productive land. The senilis facies finds suitable
lebensraum in the sunbelt of the Horse Latitudes
where agricultural and industrial land use is less in-

tense and again a peaceful solution to population

of water. Two thousand years ago prehistoric

pressures is possible.
But each year some of the best land of the Sonoran

Hohokam of the Sonoran Desert irrigated plants by
extensive systems of canals using river flood water

Desert is removed from production of crops and
converted to homesites, mobile home villages and

from snow -melt in the mountains. Today in that
same desert, dams on the Colorado, Gila, Salt,
Sonora, Yaqui and Mayo Rivers halt flood waters
on their way to the sea and allow them to be appor-

tioned to the fields in a rational manner. Water harvesting agriculture, not utilizing river water or
ground water, was discussed in an article on the
Saguaro harvest and crop cycle of the Papago in a
previous issue. Water -harvesting techniques are also
adaptable for use by the desert gardener.
Sunlight and Heat. Chief among the abundant assets of deserts must be reckoned sunlight and heat,

factors which promote plant growth but which are

support facilities. The once "inexhaustible" availa-

bility of desert land and the insatiable desire for
lebensraum have resulted in massive urban sprawl
in central Arizona. In retrospect the influx of retirees seeking a place in the sun could have been
predicted as logical results of the Social Security Act
of 1935 and the Antibiotic Revolution. Theoretically
it would be best for these warmth - seekers to live on
sunny slopes of hills or bajadas in homes landscaped
with truly desert plants and to leave the agricultural
land near rivers for its important role in the scheme
of man's sustenance.

Need for Management. Arid ecosystems are

not themselves sufficient to insure it. Increased

fragile. In the remote Gran Desierto of Sonora where

sophistication in management of water and of fixed
nitrogen could allow more effective exploitation of
sunlight and heat for plant growth.

the Hiach -eD O'odham once lived, off -road four wheel drive recreational vehicles break the algal soil
crusts and desert food plants are no longer respected
or harvested. But the Gran Desierto has something
to teach us and eventually will. In general, mankind

Desert Plant Life Forms. Of great importance
among desert resources is the unique unexploited
germplasm of desert plant life forms and strategies
for survival which have proven productive of biomass under the most adverse of conditions.
Nitrogen Fixation Systems. Desert legumes represent a special resource. Their tiny flat leaves fall to

seems to be learning to respect the desert environment and its resources, as can be seen from work
in progress involving revegetation of mining areas,
protection of endangered plants, and research on
erosion -resisting ground- covers.
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Introduction

The botany of arid regions has been of fundamental economic importance to the quality of life
of every desert -dwelling group of people. For them
arid -land vegetation played or plays an important
role in nearly every aspect of life: food, shelter,
clothing, protection, health, religion, and recreation.
Modern concepts of property ownership coupled
with dry- farming, irrigation farming and grazing
have caused this historic pattern to disintegrate,
however, and many groups of people were forced to

gather wild desert plants with commercial uses
simply to survive.
The patterns and processes of change were clearly
established in the United States when several indus-

tries based on wild desert plants were abandoned
after World War II because of a lack of labor. Mexico,
however has continued to produce many of the same

-projects from arid -land vegetation growing in the
Chihuahuan and Sonoran deserts. The increased op-

portunities for personal mobility due to modern
transportation, roads and urban growth led these
gatherers of economic products from the desert to
become increasingly dissatisfied with low income,
insufficient health services, and limited educational

and recreational opportunities. Trends up to the
early 1970s were an exodus of workers with a con-

sequent decline and abandonment of traditional
desert -plant industries in the arid regions.

The Arab oil embargo, however, has created a
heightened awareness that renewable natural resources should play an increasingly important role
in our economic future. Extensive efforts are underway to commercialize desert plants such as jojoba
(Simmondsia chinensis, Figure 1).

Jojoba grows naturally over an extensive area in
the Sonoran Desert that covers parts of Arizona,
California and Mexico as shown in Figure 2. Jojoba
seeds contain a yellow, odorless, oily liquid commonly called "jojoba oil." Chemically, the oil is a
liquid wax consisting of non -glyceride esters corn posed almost entirely of straight chain acids and alcohols that are difficult to synthesize commercially.
This unique liquid (hereafter referred to as oil) has

a wide variety of industrial applications in lubricants, cosmetics and pharmaceuticals. Jojoba oil
also can be hydrogenated to produce a hard, colorless
solid (wax) resembling carnauba wax and beeswax in
both chemical structure and properties.
The National Academy of Sciences (NAS) (1977)
concluded that the future of a jojoba industry lies in

developing the natural shrub into a cultivated crop.
In support of this recommendation the NAS further
suggested that techniques be developed for breeding
and propagation for better cultivation in plantations
and that techniques for harvesting and handling the
seeds be developed.
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Recent Developments
Since the early 1970s the possibility has emerged

of again developing industries based on harvesting wild desert plants. The bases for developing

.these industries today are to provide jobs and to
strengthen the economic base of U.S. Southwest
Indian tribes, tribes that control large land areas
used predominantly for grazing cattle.

In 1972 the Indian Division of the Office of
Economic Opportunity (OEO), U.S. Department of
Commerce, initiated activities to lead to developing
an industry based on the economic uses of jojoba
seed oil. OEO requested that NAS perform a scientific and technical assessment based on test results

Summer 1980

continue to depend upon the wild sources of seeds.
This continuing harvest of wild stands of jojoba will
produce various impacts on the plant communities
and the surrounding environment. Short- and long-

term impacts are not clearly understood, and little
quantitative data exist for direct measurements. To
assess systematically these impacts, an in -depth literature review and a limited field survey were initiated in 1977 to determine the history of impacts

and then to evaluate them. This work was conducted in conjunction with a study to determine the
social, economic and environmental consequences
of establishing an Indian -based jojoba agroindustry
(Foster et al, 1979).

of practical uses of jojoba oil. In the summer of 1972,

more than 87,000 pounds of jojoba seed were hand
harvested by Indians in Arizona and California. This
harvest provided a stockpile for testing of jojoba oil.
NAS (1975) later concluded that jojoba oil and its
hydrogenated products have marketable properties;
that jojoba oil can be used as a substitute for sperm

whale oil; that jojoba could become the basis for
viable Indian -owned and -operated industries; and
that jojoba can improve the productivity of arid
lands not suitable for conventional crops.
Since 1972 annual wild harvests have provided the
supply of seeds necessary to continue developing a
jojoba agroindustry in the Southwest, and will continue to provide the essential supply of seeds for the

next five to ten years until cultivated plantations
have become established and are producing commercial quantities of seeds (Figure 3).

The natural populations of shrubs grow on some

100,000 square miles in the Sonoran Desert in
Mexico and in the United States between latitudes
25 degrees and 31 degrees north. It is estimated that
these natural shrubs produce between 11,000 and
18,000 tons of clean, dry seeds each year and that
300 to 550 tons of clean, dry seeds could be harvested annually in Arizona, California and Mexico
(National Academy of Sciences, 1977). Actual harvest information for 1978 indicates that about 300
tons of clean, dry seed were harvested (Office of Arid

Lands Studies, 1978). The 1978 harvest represents
the best organized harvest effort to date, yet only 2
percent to 3 percent of the probable available seeds
were gathered.

Environmental Consequences of the Wild Harvest
Cultivated jojoba plantations comprise more than

6,000 acres in Arizona, California and Texas, but
until commercial qùantities of seed become available in the mid -1980s the developing industry must

History of Impacts

Natives of the Sonoran Desert long have been
aware of jojoba's presence and its usefulness in
meeting many of their medicinal, cosmetic and nutritional needs (Sherbrooke and Haase, 1974; Serbrooke, 1978a and cited references) when European
missionaries first explored the northwest of New
Spain (Sherbrooke, 1978b).

Gentry (1972) suggested that even long before ru-

minant livestock introduction, jojoba may have
been subjected to considerable browsing pressure
from the now extinct North American Pleistocene
megafauna. Jojoba was subjected to a new browsing pressure not experienced before the coming of

Europeans with the introduction of cattle, goats
and sheep. The importance of jojoba as a browse
plant, particularly for cattle, has been recognized
widely (Sherbrooke and Haase, 1974 and included
references).

In the modern era jojoba seed collecting from
native stands has continued every year since 1972
as interest in jojoba and demand for its seeds and
oil have grown.

Potential Environmental Consequences
of Seed Removal

Of minor consequence in the activities associated
with seed removal are branch pruning by pìçkers and

removing seed -hulls that possibly could influence
soil texture and fertility over the long term. But seed
removal might produce more lasting concerns: 1) a
reduction in natural plant propagation; and 2) reduced resources for seed- eating rodents.
Annual seed harvest impacts on plant propagation
basically are influenced by three factors: 1) accessi-

bility to the stand; 2) level of seed production as
determined by density of plants and individual plant
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Figure 1. Representative plant of Jojoba.

seed productivity; and 3) thoroughness of picking.
These factors vary considerably both yearly and

but all could die. During another season, a few seed-

these factors is that seeds are harvested completely

ling germinations may experience a high survival
rate. Years when conditions are ideal for both germination and survival probably are very rare. Few
seeds become reproducing adult plants. A shrub

from all areas every year.

must produce thousands of seeds during decades just

Sherbrooke (personal communication; 1977) observed 219 seedlings for four years and found 27, 8, 4
and 3 survivors respectively at the end of each year.
Good conditions for seed germination are infrequent
and many seeds do not germinate every year. Also,
conditions favorable to seedling survival vary from
year to year and may be appropriate for establishment only once in 10 or more years.
Years of high germination and high seedling survival do not necessarily correspond. High levels of
seedling germination might occur during a season,

to replace itself. But if each female shrub in a particular community produces only one male seed and

geographically, in part because harvesters respond to

changes in seed abundance. But the net effect of

one female seed that propagate successfully the
population of jojoba shrubs will remain stable.
The impact of seed harvesting on natural propagation could be significant if seeds were depleted dur-

ing a year, or years, that could have high levels of
germination and seedling survival. The frequency of

such years and their long -term importance is not
well understood and impossible to predict, but the
time span of sustained seed harvesting from wild

Desert Plants 2(2)
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Bailey's pocket mice store as much as 800 grams
of jojoba seeds in their burrows. In contrast to three
other heteromyid rodents, Bailey's pocket mice are
capable of using jojoba seed in their diet because of
their unique ability to detoxify the cyanid containing compound, simmondsin, in jojoba seeds. This

heavy jojoba seed use by P. baileyi suggests that
populations of this species might become food limited in harvested jojoba stands and could suffer
reduced population levels.

In addition, Sherbrooke ( 1976) suggested that
seed -eating rodent species diversity may be influenced by the relative density of jojoba shrubs. P.
baileyi would be predominant in very dense jojoba

stands as the only seeds available in abundance
would be jojoba seeds. In more species -rich plant
communities other species of seed -eating rodents
would coexist, but they would be influenced by P.
baileyi population fluctuations.
Sherbrooke (1976) also discussed the potential role
of P. baileyi in jojoba seed dispersal and propagation
as an inadvertent outcome of its hoarding and seed
storage activities. It remains to be demonstrated, but
Figure 2. Distribution of Simmondsia chinensis.

this species of pocket mouse could be playing an
important role in maintaining some jojoba populations. If jojoba seed harvests reduced or eliminated
P. baileyi, impacts could reach beyond affecting only

stands is an important consideration in evaluating long -term impacts. If the wild seed harvest
spans only 10 to 15 years and ends when plantations

begin production, the impact on reproduction
probably would be minimal. But, if seed harvests
from wild populations are sustained during several
decades the impact on natural reproduction could
become substantial.
Vegetative growth -proliferation from underground
stems is also of possible importance in reproducing
jojoba. Gentry (1958) photographed a "ring" of jojoba

plants apparently originating from the same individual. The adult shrub was in the center of the ring.

It died later but after it contributed new shoots to

that one rodent species. It could affect interspecies
competitions, animals higher in the food chain and
jojoba reproductive establishment.
Pruning has been a natural response of jojoba to its
environment throughout its evolutionary history. In
northern areas, young branches are frozen off at the
ends during many winters. Natural pruning may influence seed yields during the following season by
directly reducing the number of buds available for
flowering and fertilization. When seeds of one year
are ripening, flower buds for the following season are
forming in the axils of leaves, both on new growth
and old branches (Sherbrooke, 1978).
Jojoba also has been subjected to and has been responding to grazing by large mammals for thousands

the ring of descendants. How important this form of
reproduction is in jojoba populations has not been

of years (Gentry, 1972). Therefore, the amount of

determined, but Rost (1978) has found additional

plants by hand harvesting seems inconsequential.
Incidental to the seed harvest process, most harvesters later remove the hulls surrounding the seeds
before the seed is processed for oil extraction. Removing these hulls from the environment probably
reduces the buildup of organic matter under jojoba

examples in California.

Little is known of the seed removal impacts on
insects and wildlife species. The report of jojoba seed
use by Bailey's pocket mouse (Perognathus baileyi),

by Sherbrooke (1976) suggests a strong interaction
between these two species. The potential impact of
seed removal on the stability of rodent communities
in jojoba areas could be severe.

structural damage currently inflicted on jojoba

shrubs (result of an accumulation of dead leaves,
hulls, twigs, etc.). The water retention properties
and nutritive value of organic material under shrubs

Foster
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Figure 3. Harvesters in a native stand of Simmondsia
chinensis.

are important to the many annuals that use this
microenvironment for desert survival (Muller, 1953).

The long -term impact of removing seed hulls that
contribute to the organically rich soil layer buildup
is not known, but this microenvironment appears

to be important in establishing jojoba seedlings
(Sherbrooke, 1977).

Seed productivity in jojoba stands varies consider-

ably from year to year and from one population to
another (Gentry, 1958; Sherbrooke and Haase, 1974).

Jojoba seeds remain viable for a decade or more
(Gentry, 1958) and the "seed bank" in the soil may
be an important resource in new plant establishment. Seed production variability between populations and from year to year influences the amount of

seed available to harvesters as well as the amount

available for germination. Indeed, the quantity available for germination is highly variable
even when jojoba seeds are not being harvested
by humans.

Conclusions
Because jojoba is a long -lived plant, sometimes

surviving for more than 100 years, the impacts of
seed harvesting on natural population replacement
may go unnoticed for some time. Also, because of
the natural seedling establishment pattern, an impact on natural reproduction may be serious one
year and of no consequence during another year. It is
not possible to predict which years the impact will
be important. The impact of seed harvest on natural
plant replacement is likely to be cumulative during
several decades.
One species of pocket mouse, P. baileyi, appears to

use jojoba seed extensively. Removing this seed resource could alter population levels of this rodent
and may change the rodent community competitive
structure. As this pocket mouse can live on seeds of
other species also, it is not likely that some jojoba
seed removal would result in local extinction of this
rodent. But Bailey's pocket mouse also appears to
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play a role in jojoba's reproduction. Pocket mice
store reserves of jojoba seed and may inadvertently

be responsible for "planting" new jojoba shrubs.
Thus, reducing the level of Bailey's pocket mice in
jojoba communities could influence the future reproductive success of the plant.
It is estimated that in the short -term, over a matter of a few years, little significant impact on jojoba's
natural replacement pattern will occur as a result of

seed harvests. Its life cycle strategy is adapted to
many years of unsuccessful reproductive efforts.
Also, seed harvesters will not pick seeds in areas of
low productivity and the seeds fall to the ground.
These unharvested areas will change from year to
year due to local climatic variability. Wild seed harvests during a 20 -year period could reduce levels of
natural replacement. Due to the long life of jojoba
plants and lack of known correlation between size
and age, this reduction might not be perceived early
unless a monitoring program were established.
If harvesting wild stands is continued in excess of
a decade, from 1972, an experimental program aimed

at determining the impact of harvesting on longterm reproduction should begin. Such a study neces-

sarily would take considerable time to provide the
data needed to evaluate the potential impacts. If a
10 -year study were initiated in 1981, the results
would provide some basis upon which to make decisions in 1991 regarding the wisdom of entering the
third decade of jojoba wild -seed harvest.
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Abstract
The Gran Desierto of northwestern Sonora is one
of the most arid regions of North America. The flora
and vegetation of the Sierra del Rosario and the surrounding extensive dune system are analyzed and
compared with each other. The dunes, covering on

the order of 4,500 sq. km., support a flora of 75

Richard S. Felger
Arizona -Sonora Desert Museum
Tucson, Arizona 85704
and Environmental Research Laboratory
University of Arizona, Tucson

species, while the Sierra, comprising approximately
78 sq. km., supports 105 species. The total flora consists of 145 species, with 36 species common to both
the dunes and Sierra. The life -form spectra are indi-

cative of extremely arid conditions: ephemeral

species make up 55% of the total flora. A number of
range extensions are reported. Mentzelia longiloba
is reduced to a subspecies of M. mul ti flora. There are

Dedication
to Jane Harrison Ivancovich

only three non -native, naturalized species among
the dune flora, and none in the Sierra flora. There is
no indication of endemism among the Sierra flora. In
contrast, the dunes, when considered together with

similar habitat in adjacent southeastern California

and southwestern Arizona, show some level of
evolutionary differentiation for approximately 15%
of the flora.

Introduction

The Gran Desierto of northwestern Sonora,
Mexico, consists mostly of active dunes lying between the port town of Puerto Peñasco, the Pinacate
lava region, and the Colorado River (Figures 1 and 2).
Isolated and surrounded by these dunes is the Sierra

del Rosario (Figures 3, 4, 5, and 6). This study is
concerned with the vascular plants of this mountain
and the surrounding dunes.
The Gran Desierto is a part of the largest active
sand sea in North America. This sand desert covers
about 7,800 sq. km., and about 60% of it consists of

the Gran Desierto dunes. Most of the system is
made up of active crescentic and star dunes, with
relatively few linear dunes. The principal source of

sand was the delta of the Colorado River. It is
thought that at least 10,000 years were required to
form these dunes. The depth of most of the sand is

unknown. However, the Algodones dunes in
California to the northwest are as much as 61 m.
thick, and total relief of the high dunes to the west
of the Sierra del Rosario, from trough to dune crest,
averages 180 m. (Breed et al., in prep.; P. Kresan,
personal communication, May, 1973; McKee and
Breed, 1974).

The broad band of drifting dunes surrounding the
Sierra del Rosario extends 11 km. to the northeast,
more than 40 km. to the west, approximately 32 km.

due south, and roughly 80 km. to the southeast
(May, 1973). The eastern margins of these dunes
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Figure 1. Map of the Gran Desierto of northwestern
Sonora.

abut the southern and western edges of the Pinacate

lava shield. The southwestern edge of the Gran
Desierto is marked by the San Jacinto fault zone,
which is part of the San Andreas fault complex.
Frequent earthquake activity is characteristic of the
area from Bahía Adair (Adair Bay) northwest through
the Colorado River delta (Sumner, 1976).

The Gran Desierto borders the southwestern
section of the Basin and Range geologic province
(Damon et al., in prep.). Basement granitic rocks

form abrupt mountain peaks, which in the Sierra
del Rosario rise approximately 610 m. above the
surrounding plain (May, 1973). The Rosario range
covers an area of approximately 78 sq. km. Some of
the lower bedrock outcrops and inselbergs are partially buried by sand. The steep slopes of the Sierra
comprise a northwest- southeast trending chain of
peaks, the passes between them buried in sand. The
northwestern portion of the range is partially buried
by drifting dunes, but elsewhere the mountains are

Felger
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Figure 2. ERTS -satellite imagery of the Gran Desierto.
Sierra del Rosario at center of photo surrounded by the
dunes, Sierra Pinacate lava field at right, Isla Montague in
the Colorado River delta at lower left, and irrigated
farmland at upper left. (ERTS E -1303- 17453 -7 02 and
E -1302- 17394 -7 01).

generally flanked by sand flats about 2 to 5 km. in
width. Limited alluvial deposits form nearly level
terrain with desert pavement surfaces which are
much dissected by erosional gullies. The canyons
are relatively short, and very steep and rugged.

The Sierra del Rosario was named by Lumholtz
( 1912:311) who described it as follows:
It runs in the usual direction and consists of several
parts, some of them single mountains, stretched out
for about fourteen miles. There are two main bodies
of the sierra, each little range being perhaps four

miles long; then follow mountains at both ends,
more or less connected, some of them, especially
those toward the north -west, being half submerged
in huge sand dunes. The shape of the mountains is
the usual one, the crests resembling the teeth of a
saw. This succession of hilltops is conspicuous even
at a great distance; hence the name of rosario (ro-

sary), which has been proposed, is appropriate and
should be called Sierra del Rosario.

The Gran Desierto is one of the most arid regions
of North America. Frequent winds accentuate the

aridity. The infrequent rainfall derives primarily
from Pacific frontal storms during winter and spring.

Occasional thunderstorms in late summer and

hurricane -fringe storms in fall may bring drenching
rains. Weather data are available for several nearby
stations (Hastings, 1964; Hastings and Humphrey,
1969; Ives, 1964), but extrapolation to the Sierra del

Rosario and the dune region may give a distorted
picture. However, the average annual rainfall seems
to be less than 10 cm. ( Felger, 1976:25).

The first quantitative weather observations for
the region were obtained by May (1973), but the data

are necessarily short term (Tables 1 and 2). At the
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Figure 3. Sierra del Rosario and dunes, looking south
southwest. Note star dune field at center. June 4, 1976.
Photo by Peter Kresan. Copyright° P. Kresan.

Sierra del Rosario he recorded no measurable precipitation for a 34 month period, from September

1969 to August 1972. During the remainder of
1972 he recorded 3.7 inches (7.6 cm.) of rainfall.
These probably represent precipitation extremes for
the region.

Winter temperatures commonly dip several degrees below freezing on several or more nights dur-

ing each of the two or three colder months. In
December, 1972, May (1973) recorded 22 °F at the
Sierra del Rosario and Bahía Adair Stations. Freezing
weather is a significant limiting factor for various

frost- sensitive perennials such as Bursera microphylla. The summers are long and extremely hot.
Temperatures in excess of 38 °C (100 °F) can be ex-

pected from April through October. Towards the
Gulf of California, such as at Bahía Adair and Puerto
Peñasco, temperature extremes become ameliorated
(Table 2).

There is no surface water and no evidence of sustained human occupation in the Sierra del Rosario or

the surrounding dunes. The region was, however,
frequented by the Areneño or Sand Papago, and other

Papago Indians crossed the dunes on their annual
trek to the shores of the Gulf of California to collect
salt and sea shells (Hayden, 1967, 1972; Lumholtz,
1912). In March, 1916, Sheldon made the following
entries in his diary (Brown et al., 1979: 79 -80):

There is no permanent water in the Sierra del
Rosario. I have been above every canyon and furrowed slope and up many of them; there is no sign of
a trail leading to water. I noticed a few depressions in
the granite but these would hold water only for a few
days after a rain.

An old Indian trail, well preserved and clear,
passes along the east side of the mountain (Fig.
4 -5). This trail goes straight through and does not
branch off toward the mountain as would be usual

if there was water.... The nearest fresh water is

Felger
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Figure 4. Sand ridge of star dune and northern outlier peak
of Sierra del Rosario, looking southwest. November 26,
1977. Photo by Peter Kresan. Copyright© P. Kresan.

Laguna Prieta 20 miles away, and Tinajas Altas

Sierra del Rosario to cut mesquite and ironwood. An

25 miles or more.

ejido,

There are more than two dozen species of edible
plants which may have been gathered by the Sand
Papago, and half of these could have been dietetically or nutritionally significant (Table 3). Seeds or
other edible organs for most of these species would
not have been available each year or season. As with
other hunter -gatherers in the more arid parts of the

Sonoran Desert, such as the Seri Indians, dried
plant- derived foods were probably stored in hidden
caches ( Felger and Moser, 1976). Other edible plants

in the region, such as the cacti, were probably too
scarce to have warranted gathering.
Although the inroads of civilization will probably
seriously alter the Gran Desierto, the region gener-

ally remains in near primordial condition. In the
early 1970s woodcutters made rough roads into the

a cooperative rural settlement, was set up at

the southwest side of the Sierra in the mid -1970s but

was soon abandoned. North Americans with

4 -wheel drive recreational vehicles have damaged or
destroyed the sparse vegetation of local, fragile areas

such as desert pavement, and the region has also
been used for international smuggling activities.
Vegetation and Flora

The Gran Desierto is in the central part of

Shreve's (1951) Lower Colorado Valley phytogeographic region of the Sonoran Desert. Although the
perennial vegetation is generally very sparse, spectacular spring displays of wildflowers occur during
favorable years.

The vegetation and flora of the granitic slopes of
the Sierra del Rosario are conspicuously different

Figure 5. Morning fog over Sierra del Rosario, southern
outlier peak, looking southwest. November 26, 1977.
Photo by Peter Kresan. Copyright© P. Kresan.

from those of the dunes (Tables 4, 5, 6, 7). The Sierra

and its adjacent alluvium and sand flats, covering
approximately 78 sq. km., supports 105 species of
vascular plants. In contrast, the dune system of the
Gran Desierto in Sonora, embracing on the order of
4,500 sq. km., has a flora of only 75 species. The
flora of the Sierra and the dunes is comprised of 145
species, with 36 species common to both areas. The

higher species richness of the Sierra is mostly attributable to its greater habitat diversity.
The life -form spectrum is characteristic of an arid,
desert region, with ephemerals (therophytes) cornprising 54.5% of the total flora, 65.3% of the dune
flora, and 55.2% of the Sierra flora (Table 8). The
majority of ephemeral species are winter -spring or

cool season species, some are hot weather species
(e.g., Amaranthus, Pectis, and Tidestromia), and a
few are non - seasonal species responding to rainfall
at any time of year (e.g., Aristida adscensionis).
Twenty -nine of the 36 species common to both the

dunes and Sierra are ephemerals. These data confirm
Shreve's (1951:127) characterization of the ephemeral vegetation:
The depth, structure, and mineralogical origin of
soils, all so important to perennials, mean little to
the ephemeral. Sand, however, is a particularly
favorable soil for the ephemerals of the cool season,
because of the deep infiltration of moisture and the
rapid warming of the surface early in the season and
early in the day.

The three species of obligatory parasitic plants,
Ammobroma sonorae, Phoradendron californicum,
and Pilostyles thurberi, are leafless (or functionally
so), indicating the importance of water conservation. As with most desert regions, vining species are
few, i.e., Brandegea bigelovii, Cucurbita palmata,
and Phaseolus filiformis. Two are ephemerals, and
the Cucurbita is a root perennial with its vegetative
bud below the soil surface.

Readily discernable habitats for plant communities are: dunes, sand and gravel flats, desert

Figure 6. Main peak of Sierra del Rosario, looking
northwest. November 26, 1977. Photo by Peter Kresan.
Copyright° P. Kresan.

pavement flats, dry wash floodplains, north and
east -facing rocky slopes, south and west - facing

and density of the vegetation are notably greatest on
north and east - facing slopes. Elevational zonation is

rocky slopes, north and east -facing mountain canyons, and south and west -facing mountain canyons.

weakly developed, with densities of certain north

Values for composition and perennial cover for
sixty -three 30 m. line- intercept transects from each
of these major habitats are summarized in Table 4.
The Sierra del Rosario transects are from the main or
largest of the several mountain masses; the arroyo or
dry wash transect is from near the base of this peak
at its northeast side; and the dune transects are from
2 to 5 km. northwest of the arroyo transects.

Plant communities on the steep rock slopes are
relatively sharply differentiated according to slope

and east - facing slope species greatest towards peak
elevation, apparently due to a greater amount of dew
near the peak (Figure 5). The desert pavement flats

near the base of the Sierra are often nearly devoid
of perennial vegetation except in depressions and
erosional gullies.

Of the 29 perennial species in the transects on
sandy soils adjacent to the Sierra, only 6 appear in
the dune transects. Only 5 species contribute significantly to the vegetation of the dune slopes and

interdune troughs. Notably missing from these

exposure. Due to differences in heat load, many

study areas are a few perennials such as mesquite

species which are common on north and east -facing
slopes are absent or conspicuously rarer on the exposed south and west -facing slopes. Distribution of
frost -sensitive species may be secondarily limited by

(Prosopis glandulosa)

minimum winter temperatures. Species richness

which are abundant in

localized patches along lower dunes. Line intercepts
on north - facing slopes located 23 perennial species,
while only 13 perennial species occurred in transects
on south - facing slopes. Line intercepts in the dry
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Table 1. Temperature ( °F) and precipitation (inches)

Table 2. Temperature ( °F) and precipitation (inches)

summary for the Sierra del Rosario (1971- 1972). Recorded

summary for Adair Bay. Recorded by Larry A. May.

by Larry A. May.
Date

Temperature X
Min.
Av.
Max.

Temperature Range
No. of
Max.
Min.
Readings

Precipi-

tation

1971

Jan
Feb

Mar
Apr
May
Jun
Jul

Aug
Sept
Oct
Nov
Dec
1972
Jan
Feb

Mar
Apr
May
Jun
Jul

Aug
Sept

Oct
Nov
Dec

(Temperature data not collected.
No precipitation in amounts greater than Trace
measured since October 1969.)
116
116
110
114
100
94
85
83
85
100
103
112
119
122
120
116
102
98
83

66

91

74
75

96

69
53
41

32
27
28

40
37
60
69
74
65
70

60
39
26

93
92
77
68
58

55
57
70
70

86
94
98
92
93
81
68
55

2
3
2
1

3
3
1

116
118
110
114
102

66
72
74
69
51

0

95

40
32

0
0

27
28

0
0

40
35

0

85

1

85
95
100

2
2
3
2

103
114
121
122

2
2

0
0

Trace
0

58

0
0

67

Trace

71

0

65
67
57

0.40

2
2

120
117
104

1

98

39

0

2

84

22

0.70

1

0

2.60

Date

1972
Jan
Feb

Mar
Apr
May
Jun
Jul
Aug
Sept
Oct
Nov
Dec

Max.

Temperature X
Min.
Av.

- -

79
84
85
90
92
99
97
96

43
44
50
58

69
73
77

81
76

69
62
47

62

38

Temperature Range
No. of
Min.
Max.
Readings

- - - 61

28

66

26

68
74
81
86
87

23
31

82
72
62
50

30

30
24
31
31
17

31

93
93
92
105
108
104

110
108
93
91
78

32

27
36
50
60
66
70
56
48
35
22

precipi-

tation

0
0
0

0
0

Trace
0

0.30
0

2.21
1.59
0.40

(11.3% average), the Sierra samples include the biotically more favorable micro -environments of north facing canyons or drainages. It is interesting to note

the considerable range between the 29.8% cover
of north -facing canyons vs. 15.3% on south -facing
canyons, and 21.4% of rocky north -faces vs. 10.5%
of rocky south -faces. These data illustrate the importance of aspect and soil moisture on vegetative
productivity in and environments.
Small shrubs with reduced leaf surfaces, many of

them in the Compositae, constitute much of the
wash floodplain at the base of the mountain located
11 perennials, including tree species such as palo
verde (Cercidium floridum) and ironwood (Olneya

vegetative cover. Most species comprise only a small

tesota) which are seldom well developed outside

nial cover. Physiographic rather than biotic forces
seem to control the plant densities and assemblages,
except in the case of the relatively favorable condi-

this habitat.

Both species richness and vegetative cover are
substantially reduced on level terrain gravel and
desert pavement lying between the mountains and
dunes. As Shreve (1951:37) pointed out, "Simplicity

of composition is found not only in the driest
habitats, but also in situations where the soil is
uniform in level, texture, and surface." These
plains have a low species richness comparable to the

biotically unfavorable dune areas, with 8 species
being located by the line transects.

Sparse vegetation, characteristic of deserts, is
readily apparent in all dune and Sierra environments, with the notable exception of the dry wash or
arroyo floodplain having dense and overlapping vegetation. Results of the quantitative analysis are also
consistent with Shreve's (1951) observation that, in
more than half of the Sonoran Desert, plants cover
less than 30% of the ground area, and that the region
adjacent to the Colorado River seldom shows more
than 15% coverage.

While the Sierra generally has higher perennial
plant coverage (17.6% average) than the dunes

percentage of total cover, while roughly a dozen
species are responsible for the majority of the peren-

tions in the arroyo floodplain.
High, unstable dune ridges and their moving, advancing slopes are devoid of vegetation. However,
most of the dune areas support at least some vegeta-

tion. From the highest and least stable, shifting
dunes to low stabilized dunes and sand flats, zonation is evident with gradual shifts in species corn -

position. Vegetation is present on dune surfaces
with slopes up to 40 %, and a few scattered plants
occur on slopes up to 60 %. Plant coverage values for

the Algadones dunes in southeastern California are
considerably lower than values reported here for the
Gran Desierto (H. Johnson, personal communication; Table 4). This may be due to insufficient sampling or the Gran Desierto may in fact support more
vegetation than the Algadones dunes.
During years with favorable rainfall, the dunes in
late winter and spring may support spectacular displays of wildflowers. Among the most conspicuous
are sand verbena (Abronia villosa), evening prim-

rose (Oenothera deltoides), and Arizona lupine

Felger

Table 3. Common edible plants of the Gran Desierto
listed in approximate order of possible relative importance
in subsistence of the Sand Papago.
Species

Primary edible part

Reference

Ammobroma sonorae
Dicoria canescens
Prosopis glandulosa

stem

Lumholtz, 1912
Wilke, 1979
Felger, 1977

Olneya teso ta

seed
fruit (mesocarp),
seed
seed

Cercidium floridum

seed

Castetter and Bell,

Hesperocallis

bulb

Castetter and Bell,

herbage

Bean and Saubel,

seed

Meigs, 1939 for
E. californica, a
closely related
species)
Bean and Saubel,

Castetter and Bell,
1942
1942

undulata
Camissonia
claviformis
Ephedra trifurca

1951

1972

Nolina bigelovii

inflorescence,

Lycium andersonii

fruit

Felger and Moser,

Helianthus niveus

seed

Castetter and

seed?

1972
1976

Opler, 1936 (for

H. petiolaris, a
closely related
species)

Descurainia pinna ta

seed

Castetter and Bell,

Amaranthus palmen

seed, herbage

Castetter and Bell,

1951
1951

Amaranthus fimbriatus seed, herbage

Felger and Moser,

Triteliopsis palmen

bulb

Felger and Moser,

Mentzelia spp.

seed

Bean and Saubel,

Phoradendron

fruit

Felger and Moser,

young
inflorescence, seed
seed

Bean and Saubel,

1976
1976
1972
1976

cali f ornicum

Eriogonum inflatum
and E. spp.
Oligomeris lini folia

1972

Felger and Moser,
1976

seed
Astragalus insularis
Lepidium lasiocarpum seed
Fouquieria splendens flower, seed

Palmer, 1871
Bye, 1972
Bean and Saubel,
1972

Justicia californica

nectar in flower

Bean and Saubel,
1972

(Lupinus arizonicus). Among certain of the dune
species there is a trend toward gigantism, with larger
and more robust plants than those of related taxa of

populations on non -dune habitats, e.g., Croton
wigginsii, Helianthus niveus, Palafoxia arida,
and Petalonyx thurberi. Another dune adaptation
is for plants to be taller and more slender (often with

strict branching) than their non -dune relatives.
These include:
Croton wigginsii
Eriogonum deserticola
Helianthus niveus
Larrea divaricata
Petalonyx thurberi.

Gran Desierto

95

Plants with dense whitish or silvery -pubescent herbage are notably prominent:
Ambrosia dumosa
Croton wigginsii
Dicoria canescens
Eriogonum deserticola
Helianthus niveus
Psorothamnus emoryi.

Deep roots are likewise a common feature, enabling
the plants to quickly become established and utilize
the deep- seated moisture in the sand.

The floristic makeup of the dune communities,
particularly among perennial species, is highly pre-

dictable, with relatively little change in species
composition. Common and conspicuous species on
higher shifting dunes are:
Perennials
Ambrosia dumosa
Asclepias subulata
Croton wigginsii
Eriogonum deserticola
Ephedra tri f urca

Hesperocallis undulata
Helianthus niveus
Hilaria rigida
Petalonyx thurberi
Psorothamnus emoryi
Tiquilia plicata
Ephemerals
Abronia villosa
Dicoria canescens
Dimorphocarpa pinnatifida
Dithyrea californica
Drymaria viscosa
Lupinus arizonicus
Oenothera deltoides.

In addition to the above species, several others are
invariably encountered on lower, although moving
dunes. These include Atriplex canescens, Chamaesyce platysperma, Larrea divaricata, and Prosopis
glandulosa. Characteristic common plants on low,
partially stabilized dunes and sandy places include:
Perennials
Aristida californica
Ambrosia dumosa
Hesperocallis undulata
Hilaria rigida
Larrea divaricata
Prosopis glandulosa
Tiquilia palmen
Triteliopsis palmeri
Ephemerals
Abronia villosa
Amaranthus fimbriatus
Eriogonum trichopes
Langloisia setosissima
Oenothera primiveris
Pectis papposa.
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Table 4. Summary of data from sixty -three 30 meter line intercept transects at ten habitats in the Gran Desierto. *
Habitat and number
of transects

Species

Cover(m)

Justicia californica
30.30
Cercidium floridum
28.60
Encelia farinosa
16.35
Olneya tesota
16.35
Lycium andersonii
9.90
(150 m.)
Horsfordia alata
9.20
Larrea divaricata
8.50
Ambrosia ilicifolia
3.40
Trixis californicus
1.40
Mirabilis tenuiloba
0.80
Argythamnia lanceolata
0.75
total:
126.50
2. Steep northNolina bigelovii
5.00
facing canyons: Galium stellatum
4.95
3 transects
Eriogonum fasciculatum
3.60
(90 m.)
fusticia californica
3.40
Hyptis emoryi
2.05
Porophyllum gracile
1.70
Ambrosia dumosa
1.60
Asclepias albicans
1.60
1.15
Hofmeisteria pluriseta
Sphaeralcea ambigua
1.15
Ambrosia ilicifolia
0.65
total:
26.85
3. North- facing
Ambrosia dumosa
9.70
mountain
Eriogonum fasciculatum
3.90
slopes: 7 tranBursera microphylla
3.40
sects (210 m.)
Hofmeisteria pluriseta
2.65
2.30
Hyptis emoryi
Nolina bigelovii
2.00
2.00
Mirabilis tenuiloba
Hibiscus denudatus
1.80
Hilaria rigida
1.80
Larrea divaricata
1.80
Eriogonum inflatum
1.75
Kramaria parvifolia
1.65
Justicia californica
1.50
Sphaeralcea ambigua
1.45
Krameria grayi
1.20
Ambrosia ilicifolia
1.10
Peucephyllum schottii
1.00
Encelia farinosa
0.95
Galium stellatum
0.75
Porophyllum gracile
0.75
Fagonia densa
0.70
Ephedra aspera
0.55
Argythamnia lanceolata
0.10
Erioneuron pulchellum
0.05
total:
44.9
4. Steep southAmbrosia ilicifolia
2.20
facing canyons: Ambrosia dumosa
2.03
3 transects
Encelia farinosa
1.90
(90 m.)
Hilaria rigida
1.85
Hyptis emoryi
1.85
Bursera microphylla
1.60
Peucephyllum schottii
0.80
Hibiscus denudatus
0.55
Trixis californica
0.30
Erioneuron pulchellum
0.26
Aristida purpurea
0.15
Eriogonum inflatum
0.15
Argythamnia neomexicana 0.10
total:
13.74
5. South -facing
Larrea divaricata
4.10
mountain
Encelia farinosa
1.88
slopes: 4 tranAmbrosia dumosa
1.20
sects (120 m.)
Fagonia densa
1.00
Fouquieria splendens
0.75
Hibiscus denudatus
0.38
Argythamnia neomexicana 0.05
total:
9.46
Sierra del
Rosario:
1. Dry wash or
arroyo margin:
5 transects

Percent
Cover

20.2
19.1

10.9
10.9
6.6
6.1

5.7
2.3
0.9
0.5
0.5
84.3
5.5
5.5

4.0
3.7
2.2
1.9
1.8
1.8
1.3
1.3

0.7
29.8
4.6
1.8
1.6
1.3
1.1

1.0

0.9
0.8
0.8
0.8
0.8
0.8
0.7
0.7
0.6
0.5
0.4
0.4
0.3
0.3
0.3
0.3
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6. Desert
Larrea divaricata
pavement: 7 tran - Ambrosia dumosa
sects (210 m.)
Encelia farinosa
Krameria grayi
Opuntia echinocarpa
Hibiscus denudatus
Fagonia laevis
total:
7. Sand flats:
Larrea divaricata
10 transects
Ambrosia dumosa
(300 m.)
Olneya tesota
Krameria grayi
Encelia farinosa
Opuntia echinocarpa
total:
8. Sand and
Ambrosia dumosa
gravel flats:
Larrea divaricata
7 transects
Hilaria rigida
(210 m.)
total:
Dunes:
9. Steep slopes
Ephedra trifurca
of high dunes:
Ambrosia dumosa
5 transects
Hilaria rigida
(150 m.)
Asclepias subulata
Eriogonum deserticola
Helianthus niveus
total:
10. Low dunes,
Hilaria rigida
near level
Ambrosia dumosa
larger dunes,
Ephedra trifurca
and interdune Psorothamnus emoryi
troughs: 12
Eriogonum deserticola
transects
Croton wigginsii
(360 m.)
total:

8.75
8.25
1.15
1.05
0.70
0.40
0.15
20.45
22.77
19.95
9.10
4.70
3.95
0.55
61.02
9.65
6.80
1.50
17.95
10.35
6.95
2.95
1.65
1.30
0.25

23.45
12.25
9.80
7.20
3.75
1.35

0.70
34.60

4.2
3.9
0.5
0.5
0.3

0.2
0.1
9.7
7.6
6.6
3.0
1.6
1.3

0.2
20.3
4.6
3.2
0.7
8.5

6.9
4.6
2.0
1.1

0.9
0.2
15.6
3.4
2.7
2.0
1.0
0.4
0.2
9.6

Data collected by Felger, G. P. Nabhan, and K. Cliffton in March, 1975.

Biogeographically the Gran Desierto is part of the

flora of southeastern California and adjacent
Arizona. Most of the species are characteristic of the

arid regions surrounding the Gulf of California,
some with an affinity to the arid Baja California side

of the Gulf, e.g., Fagonia densa. Others, such as

Ambrosia dumosa, Larrea divaricata, Olneya
tesota, and Prosopis glandulosa, are widespread,
important desert species.

There is no indication of endemism among the

0.0
0.0
21.4
2.4
2.2
2.1
2.0
2.0

plants of the Sierra del Rosario. There are, however,
a number of endemics among the flora of the dunes
of the Gran Desierto when considered together with
the adjacent sand desert in California and Arizona.
Eleven species, or approximately 15% of the flora

1.8

evolutionary differentiation. Endemic dune or sand

0.9
0.6
0.3
0.3
0.2
0.2
0.1
15.3

3.4
2.1
1.4
1.1

0.6
0.3
0.0
10.5

of the Gran Desierto dunes, show some level of
species of this region are Ammobroma sonorae,
Chamaesyce platysperma, Croton wigginsii, Dimorphocarpa pinnatifida, and Eriogonum deserticola. Differentiation at the subspecific level is seen
among Camissonia claviformis and Palafoxia arida.
Incipient speciation or ecotypic variation is discern-

able among Helianthus niveus, Larrea divaricata,
Petalonyx thurberi, and Plantago insularis.
The flora of the nearby mountains is richer than
that of the Sierra del Rosario. This is attributed to
climatic differences rather than spatial isolation.
The Sierra del Rosario, surrounded by dunes, and

Feiger

Table 5. Statistical summary of the flora of the Gran Desierto by major taxonomic categories.
Families

Total flora:
Ferns
Gymnosperms
Dicots
Monocots

1

total
Gymnosperms
Dictos
Monocots
total
Dunes:

Species

1

1

1

2

36

94

127

2

12

15

40

108

145

1

1

1

1

1

1

30

72

92

2

9

11

34

83

105

1

Sierra del Rosario:
Ferns

Genera

Ferns

Gymnosperms
Dicots
Monocots
total

1

1

1

26

57

66

2

7

8

29

64

75

Table 6. Statistical summary of the flora of the Gran Desierto by number of genera (and species) in the largest
families.
Total flora:

Sierra:

Dunes:

Compositae 19(20) Compositae 16(17) Compositae 10(10)
8(10) Leguminosae 8 (9)
Gramineae
9(12) Gramineae
Leguminosae 10(11) Leguminosae 8 (8) Gramineae
5 (6)
Polygonaceae 3(10) Polygonaceae 2 (8) Euphorbiaceae 4 (5)
Euphorbiaceae 5 (9) Cactaceae
4 (5) Polygonaceae 3 (5)
Boraginaceae 2 (7) Euphorbiaceae 3 (5) Boraginaceae 2 (4)
Onagraceae
2 (7) Boraginaceae 2 (5) Onagraceae
2 (4)
4 (5) Onagraceae
2 (5)
Cactaceae
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Table 7. Statistical summary of the flora of the Gran Desierto by number of species in the largest genera.
Total flora:

Eriogonum
Cryptantha
Camissonia
Chamaesyce
Mentzelia
Aristida

Dunes:

Sierra

6
5
5

3
3
3

Eriogonum
Camissonia
Cryptantha
Chorizanthe

Cryptantha

5
5

3

4
3

Table 8. Spectra of life forms of the Gran Desierto flora.
M

N

Ch

H

G

Th

P

3
Total flora
6
24
14
11
3
79
1
Sierra
5
17
11
0
58
9
4
4
3
49
3
Dunes
8
3
M- Microphanerophytes. Shrubs or small trees, 2 -8 m. tall.
N- Nanophanerophytes. Small shrubs, 0.3 -2 m. tall.

SS

5

5
1

Ch- Chamaephytes. Vegetative bud not over 0.3 m. above
ground.
H- Hemicryptophytes. Vegetative bud at surface of soil.
G- Geophytes. Vegetative bud below surface of soil.
Th- Therophytes. Ephemeral or annual plants.
P- Parasitic plants.
SS -Stem succulents.

Tiburón in the Gulf of California, with four nonnative species among a flora of 286 species (Felger
and Lowe, 1976). Significantly, these are small seeded plants. In contrast Kearney and Peebles (1951)

report that 7% of the Arizona flora is comprised of

non -native species, and the flora of the Sonoran
Desert (Wiggins, 1964) has approximately 5.7%
non -native species.

of lower elevation and smaller mountain mass, is
apparently a harsher environment. A dozen species
present in the Cerro Pinta - Sierra del Viejo range,

about 20 to 25 km. to the northeast, are absent
from the Sierra del Rosario:
Agave desertii
Ambrosia deltoidea
Fagonia pachyacantha
jatropha cuneata
Mammillaria microcarpa
Opuntia acanthocarpa
O. basilaris
O. bigelovii
Orobanche cooperi
Rhus kearneyi
Tidestromia longi folia
Yucca whipplei.

In contrast, three Sierra del Rosario species apparently do not occur in the Cerro Pinta - Sierra del
Viejo range: Calandrinia ambigua, Fagonia densa,
and Mammillaria tetrancistra.
Although the inroads of civilization are rapidly
encroaching on the Gran Desierto, the region remains virtually in primordial condition. This is re-

Species Accounts

Plants present in the Sierra del Rosario and its
adjacent alluvium and arroyos are indicated with an
asterisk (' ), and those found on the dunes are indicated with a plus sign ( +). Synonyms are generally
given only for those different from or new since the
treatment by Wiggins (1964). A full set of the au-

thor's specimens, indicated here by collection
number only, are at the University of Arizona herbarium (ARIZ), with duplicates distributed to the
herbaria of: the Instituto de Biología, Universidad
Nacional Autónama de Mexico; Escuela Nacional
de Ciencias Biologicas, Instituto Politécnico Na-

cional; San Diego Museum of Natural History.
Specimens at the Gray Herbarium are indicated by
GH. Some collection numbers are not cited because
the specimens have not yet been curated.
The author has made four major collections in the
Sierra del Rosario and in the adjacent dunes: April
1972, April 1973, March 1975, and May 1978. The

1972 collection was made at the height of a very
prolonged drought, and the more extensive 1973 col-

flected by the very few non -native species. There are
no non -native species among the Sierra del Rosario

lection subsequent to a season of unusually high
rainfall. Many of the ephemerals recorded in 1973

flora, and only three introduced species among the
dune flora: Mollugo cerviana, Schismus arabicus,

were not seen at other times. In addition, numerous
field trips have been made into nearby regions and
the dunes near the Pinacate lava field.

and Sonchus asper. A similar situation occurs on Isla
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FILICAE
PTERIDIACEAE

*Notholaena californica D. C. Eaton. [Cheilanthes deserti Mickel]. INDIAN FERN, CALIFORNIA OAK FERN.

Among rocks, north -facing canyons and slopes on north
side of main mountain mass; fairly common at higher
elevations. 20668.
GNETAE
EPHEDRACEAE. Joint -fir Family
*Ephedra aspera Englm. ex Wats. [E. nevadensis S. Wats.

var. a (S. Wats.) L. Bens.]. BOUNDARY EPHEDRA,
MORMON TEA. Erect -branching shrub seldom more
than 1.0 to 1.3 m. tall. Common on rocky north and east facing slopes and canyons. March. 20370, 20680, 20705.

Munz (1974) and Wiggins (1964) treat E. aspera and
E. nevadensis as distinct species, although Benson (1943)
relegates them to infraspecific rank. Benson and Darrow
(1945) show them with extensive sympatric contact,
which provides evidence for maintaining them as dis-

tinct species. However, plants in the region of overlap
may be intermediate in nature (see Benson, 1943). The
opposite -leaved species of Ephedra of southwestern North
America appear to form a polymorphic complex of allopatric populations.
+Ephedra trifurca Torr. LONG -LEAVED JOINT -FIR,
MORMON TEA, CANUTILLO, TEPOSOTE. Sprawling
shrub 1 to 2 (2.5) m. tall and reaching 3 to 4 m. in width.

Twigs long and arching, larger stems often declined.
Commonly capping small dunes and sand hummocks.

This is one of the few common dune shrubs and often the
only green thing in sight. Characteristic of lower as well as
higher dunes, sand hills and flats. March. 20364, 20437,
20705, 20773, Lumholtz 24(GH).
DICOTYLED ONAE
ACANTHACEAE. Acanthus Family

*Justicia californica (Benth.) D. Gibs. [Beloperone c.
Benth.]. CHUPAROSA. Shrub; foliage quickly drought

deciduous; maximum flowering in spring. Abundant
along major gravelly washes with Cercidium, Hyptis and
Olneya. This is one of the major hummingbird flowers in
the region, attracting Costa's, Rufus, and Allen's Hum-

mingbirds, and also visited by honey bees and various
lepidopterans. Minor freezing damage observed in spring,
1973. Also on steep rocky slopes and canyons. Corollas of
different plants vary from pale orange to bright red. 20389,
20738.

AIZOACEAE. Carpet Weed Family
+Mollugo cerviana (L.) Ser. THREAD -STEM CARPET

2 cm

WEED. Diminutive summer -fall ephemeral. East end of
dune region in vicinity of Pinacate lava; widespread in
northwest Sonora and probably occurring in the Rosario
region. Sand flats and shifting dunes of moderate heights.
Naturalized from the Old World.

Figure 7. Fringed amaranth, Amaranthus fimbriatus.
Entire plant and pistillate flowers. Note narrow leaves,
dense axillary glomerules (flower clusters), fringed sepals
(lower flower), and ovate -acuminate bracts one -third as
long as sepals (upper flower). Drawing by Frances Runyan.
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I

1 cm

Figure 8. White -stem milkweed, Asclepias albicans (left),
and reed -stem milkweed, A. subulata. Upper stems with
umbellate flower clusters, flowers, and buds. Note longer
bud and elongate hood on flower of A. subulata. Drawing
by Nancy Nicholson.
AMARANTHACEAE. Amaranth Family

* +Amaranthus fimbriatus (Torr.) Benth. ex S. Wats.
FRINGED AMARANTH, BLEDO, QUEUTE. Figure 7.
Summer -fall ephemeral, occasionally appearing after
winter -spring rains. Interdune troughs, gravelly washes,

and less common on exposed flats and lower slopes
among rocks. 20372.

*Amaranthus palmeri S. Wats. CARELESS WEED,
BLEDO, QUELITE. Hot -weather ephemeral. Gravelly
washes and sand flats; probably widespread during favorable years.
* +Tidestromia lanuginosa (Nutt.) Standl. Summer -fall

ephemeral, sometimes persisting until December, but
perishing with first near -freezing temperatures. Interdune

troughs, washes, flats and rocky slopes. 20760.
ASCLEPIADACEAE. Milkweed Family

*Asclepias albicans S. Wats. WHITE -STEM MILKWEED, WAX MILKWEED. Figure 8. Reed -like stems up to

3 m. tall, usually much more sparsely branched than A
subulata. Rocky slopes and canyons, commonest towards
higher elevations and on northerly exposures. Rarely
along washes and on sand flats. Flowering at various
seasons, including March and April. 20390, 20669.
+Asclepias subulata Decne. REED -STEM MILKWEED.

Figure 8. Mostly 1.0 to 1.5 m. tall with numerous stems.
Sand flats, and dunes to the limits of vegetation at 40 to 50
percent slopes; widely scattered and seldom common.
Late March and April, and probably at other seasons.
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and common on rocky slopes, desert flats, and washes.
Plants in the Rosario region can be assigned to var. pilosa
I. M. Johnst. However, the varieties are not geographically
segregated and seem to be of doubtful systematic importance. 20666, 20697.
+Cryptantha micrantha (Torr.) I.M. Johnst. ssp. mic-

rantha. DWARF CRYPTANTHA. Diminutive winter spring ephemeral. Sandy plains and dunes. The roots contain purple dye. 20793.
* +Tiquilia palmeri (A. Gray) A. Richards. [Coldenia p.
A. Gray]. Prostrate -growing perennial from deep, thickened, and black roots. Plains with rocky soils, sand flats,
interdune troughs, and occasionally on lower, stabilized
dunes. Often sympatric with T. plicata at dune margins.
Spring. 20361, 20422, 20753, 20798.
+Tiquilia plicata (Torr.) A. Richards. [Coldenia p. (Torr.)

Cov.]. Figure 9. Similar in habit to T. palmeri, but distinguished by leaves with deeply incised veins, appearing as
if pleated. Confined to sandy soils; common on flats and
moving dunes, including high dunes. Replacing T. palmeri
on shifting dunes. Spring. 20342, 20421, 20779.
BURSERACEAE. Torchwood Family
*Bursera microphylla A. Gray. ELEPHANT TREE, TOROTE. Drought- deciduous pachycaulus shrub, mostly 2
to 3 m. tall, occasionally reaching 5 m. Foliage appears
after any adequate rain. Rocky slopes and rocky -gravelly
soils at base of mountains. Best developed in canyons and

on north and east -facing slopes. The severe freeze of
January, 1971, killed 20 to 30 percent of the exterior
branches on most individuals. 20371.
CACTACEAE. Cactus Family
*Carnegiea gigantea ( Engelm.) Britt. & Rose.
SAHUARO. Three shauaros were located in the Sierra del

1cm
Figure 9. Tiquilia plicata. Note deeply incised leaf blades.
Drawing by Mario Buchmann.
BORAGINACEAE. Borage Family

* +Cryptantha angustifolia (Torr.) Greene. NARROWLEAF CRYPTANTHA. Winter- spring ephemeral. Often
the first wildflower to appear after a rain. Widespread and
common on rocky, sandy, and gravel soils; slopes, flats,
washes, and dunes. Notably abundant and vigorous on
shifting dunes. 20341, 20362, 20420, 20699, 20767.

Rosario. One stands on the sand flat about a kilometer
east of the northeast end of the major mountain and is
about 8 m. tall with four large branches. This is probably
the "small saguaro" recorded by Sheldon in 1916 (Brown et
al., 1979:79). The others, unbranched and 2 to 3 m. tall, are
in crevices near peak elevation at the southwestern and
northwestern corners of the same mountain. Sahuaros are
common in the nearby Cerro Pinta and Sierra del Viejo.
The Rosario plants are not reproducing, and probably have
grown from bird -disseminated seeds.
*Echinocactus polycephalus Englm. & Bigel. var.
polycephalus. MANY -HEADED BARREL CACTUS. Rare
on the sand flats on the west side of the range, and like the

sahuaro is probably not reproductively established. Common in the regions adjacent to the northern and eastern
margins of the Gran Desierto dunes, including near the

* +Cryptantha costata Brandeg. RIBBED CRYPTANTHA. Spring ephemeral. Sandy soils; plains and
interdune troughs. Seldom common Closely resembling

base of Cerro Pinta.

C. barbigera (A. Gray) Greene; the nutlets, however, are
very different. Not previously reported for Mexico. 20424.

FISHHOOK CACTUS. Widely scattered on rocky soils
near base of mountains, and rare on rock slopes to peak

*Cryptantha holoptera (A. Gray) Macbr. WINGED
CRYPTANTHA. Winter- spring ephemeral, also persisting
as a facultative long -lived annual or short -lived perennial.

Common on steep slopes and canyons; commoner towards higher elevations and on north and east -facing
slopes. Also on other mountains in northwestern Sonora
including the Sierra Pinacate and Sierra del Viejo. Not
previously reported for Mexico.
*Cryptantha maritima (Greene) Greene. GUADALUPE
CRYPTANTHA. Winter- spring ephemeral. Widespread

*Mammillaria tetrancistra Englem. CORKSEED
elevation. Ripe fruit found in March. 20395.

*+Opuntia echinocarpa Engelm. & Bigel. var.
echinocarpa. SILVER CHOLLA. Occasional in sandy and
rocky soils near base of mountains, and on low dunes.
Mostly 2 to 3 dm. tall in the Rosario region, but often 8 to
10 dm. tall at the south side of the Pinacate region where it
is also more common. The rarity of cholla (Cylindropuntia) in the Rosario region is notable. 20431.
* Opuntia ramosissima Engelm. DIAMOND CHOLLA.
Six plants, 54 to 74 cm. tall, and 59 to 107 cm. across, on
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pediment at north side of main mountain mass. Common
on the desert plain bordering the nearby Cerro Pinta.
CARYOPHYLLACEAE. Pink Family

*+Achyronychia cooperi A. Gray. FROST MAT.
Winter- spring ephemeral. Common on sandy soils;
washes, flats, and dunes. Occasional on rocky soils. 20432,
20726, 20789.
+Drymaria viscosa S. Wats. Winter- spring ephermeral.
Sand flats and dunes, including higher dunes. Widespread

and often abundant in the Gran Desierto. Also on beach
dunes southward along the Sonora coast to the vicinity of
Tastiota (28 °23'N.). Previously known only from Baja
California. The tiny white flowers close with midday
heat. 20430, 20794.
CHENOPODIACEAE. Goosefoot Family

+Atriplex canescens (Pursh) Nutt. FOUR -WING
SALTBUSH. Figure 10. Widespread in the Gran Desierto
and predictably occurring with Ephedra trifurca and Pro -

sopis glandulosa. Individual shrubs of this species are
noticeably larger than those in nearby regions.
COMPOSITAE. Sunflower Family
* +Ambrosia dumosa (A. Gray) Payne [Franseria d. A.

Gray]. WHITE BURSAGE or BURRO -WEED. Small
hemispherical shrub. Ubiquitous; rocky flats and slopes to

peak elevation on all exposures, and sand flats to high
dunes. This is the most widespread and common perennial in the region. March, April. 20375, 20416, 20682.

*Ambrosia ilicifolia (A. Gray) Payne [Franseria

i. A.

Gray]. HOLLY -LEAF BURSAGE. Low, spreading shrub.
Characteristic of major washes with gravelly soil. Also on

steep slopes and canyons; commonest with north and
east -facing exposures. The dry, persistent leaves rustling
in the wind may sound like a rattlesnake. March. 20372,
20675.

* +Baileya pleniradiata Harv. & Gray. DESERT
MARIGOLD. Winter- spring ephemeral. Common on
sandy soils; flats, interdune troughs, low dunes, and less
common along gravelly washes near mountains. 20352,
20435, 20714, 20787.

*Chaenactis carphoclinia A. Gray var. carphoclinia.
PEBBLY PINCUSHION. Winter- spring ephemeral. Desert

pavements, flats, rocky slopes, and washes; absent from
dunes. One of the most abundant cool season wildflowers
in the region. 20701.

+Dicoria canescens A. Gray ssp. canescens. DESERT
DICORIA, BUGSEED. Figure 11. Rank- growing ephem-

eral, occurring with rains at any season. Shifting dunes;
often the most abundant plant. Seedlings rapidly develop a
deep tap root. The earliest leaves are linear -lanceolate and
subsequent leaves broader; adult leaves are broadly ovoid
to sub -orbicular. This seedling heterophylly, with reduced
surface area on younger plants, is interpreted as an adap-

Figure 10. Four -wing saltbush, Atriplex canescens.
Branch from pistillate plant with mature fruit. Drawing by
Frances Runyan.

tation for water conservation. At maturity the plant
breaks off at the base, becoming a tumbleweed. 20418,

and freely mingling. 20385 (var. phenicodonta).

20720, 20788.
*Encelia farinosa A. Gray. BRITTLE -BUSH, INCIENSO.

* +Geraea canescens Torr. & Frem. DESERT GOLD,
DESERT SUNFLOWER. Spring ephemeral. Sand, gravel,
and rocky soils. Often abundant on sandy flats and desert

Bushy perennial, abundant and widespread in the Sierra
del Rosario; absent from the dunes. Mountains and hills,
including south and west -facing slopes, to peak elevation,
and gravelly washes near mountains; less common on ex-

posed pediment soils and sand flats. Both var. farinosa
with all yellow heads, and var. phenicodonta (Blake) I.M.
Johnst. with browish- maroon disk flowers are common

pavement; usually absent from higher dunes and higher
rocky slopes. 20758.
+Helianthus niveus (Benth.) Brandeg. ssp. tephrodes (A.
Gray) Heiser. GRAN DESIERTO SUNFLOWER. Faculta-

tive ephemeral to short -lived perennial, commonly 1 to 2

m. tall, occasionally to 3 m., and shrubby with woody

Figure 11. Desert dicoria, Dicoria canescens. Seedling and
flowering branch. Note long taproot of seedling, and
narrow, coarsely- toothed, sessile, and opposite first leaves.
The illusion of whorled leaves is due to secondary
branching and internodes not yet elongated. Also note
alternate, broadly ovate, and long -petiole leaves of
flowering branch. Drawing by Frances Runyan.
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trunk 5 to 8 cm. in diameter. Disk reddish -purple. Spring,

and probably flowering at other seasons. Abundant on
shifting dunes throughout the Gran Desierto, but rare during periods of extended drought. 20434, 20792.

The Gran Desierto sunflower is distinguished by its
large leaves, well -developed woody trunk and erect habit.
Within the Gran Desierto there is a general trend towards
increased gigantism eastward. Plants on the dunes south
of the Pinacate lava region are conspicuously larger than

those on dunes near the Sierra del Rosario. Within the
Gran Desierto rainfall generally increases eastward (May,
1973), which seems to explain the observed size variation.

Heiser, et al. (1969) show ssp. tephrodes southward
in Sonora to Isla Tiburón and to near Guaymas. I have
not found large shrubby sunflowers anywhere in coastal

Sonora except in the Gran Desierto. Those on the
coastal dunes to the south, such as near Guaymas and
on Isla Tiburón, have decumbent stems, seldom exceed
0.5 to 0.8 (1.0) m. in height, and do not develop thick
and woody trunks. The habit of these plants is similar to
that of ssp. niveus which Heiser, et al. (1969) restrict to
Baja California.

*Hofmeisteria pluriseta A. Gray var. pluriseta
[Pleurocornis p. (A. Gray) King & Robins.]. ARROW
LEAF. Small shrub; steep rocky slopes, mostly with north

and east -facing exposures and particularly common at
higher elevations. Responding to rains at any season.
March. 20394, 20672.
*Hymenoclea monogyra Torr. & Gray. BURRO BUSH,
CHEESE BUSH. Densely branched, globose shrub. Common in washes. March and April. 20740.

*Machaeranthera pinnatifida (Hook.) Shinners spp.
gooddingii (A. Nels.) Turner & Hartman [Haplopappus
spinulosus (Pursh) DC. ssp. g. (A. Nels.) Hall]. Perennial
and also flowering in first season. Common on north and
east -facing rocky slopes, and less common on south and
west- facing slopes. April and probably at other seasons.
20379, 20758.
*Monoptilon bellioides (A. Gray) Hall. DESERT STAR.

Spring ephemeral. Rays showy and white, fading to lavender. Rocky and sandy soils, flats and slopes; conspicuous
in desert pavements. Absent from dunes. 20691.
* +Palafoxia arida Turner & Morris var. arida. [P. linearis

(Cay.) Lag., in part]. SPANISH NEEDLES. Figure 12.
Winter -spring ephemeral, and sometimes occurring again
with summer -fall rains. Sandy and gravelly soils; washes,
sand flats, and dunes. Rare on rocky soils. 20347, 20413,
20786.

Plants approaching var. gigantea (Jones) Turner &
Morris, up to 1.5 m. tall and with flower heads ca. 28 mm.
tall, occur on high, shifting dunes northwest of the Sierra
del Rosario.
* +Pectis papposa Harv. & Gray var. papposa. CINCH
WEED. One of the most conspicuous and widespread hot

weather ephemerals in northwestern Sonora. Florwers
bright yellow and foliage pungently aromatic. Best developed on sandy soils; washes, sand flats, and lower
dunes. Less common on rocky soils, desert pavements
and lower slopes. Sometimes persisting into December
but killed by first freezing or near -freezing tempera-

Figure 12. Spanish needles, Palafoxia arida. Drawing by
Frances Runyan.
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Figure 13. Dune spurge, Chamaesyce platysperma.
Branch from young plant. Note long internodes, axillary
cyathia, and grains of sand adhering to lower stem.
Drawing by Marlo Buchmann.

tures; occasionally germinating in spring or surviving
through winter.
* +Perityle emoryi Torr. ROCK DAISY. Cool weather
ephemeral and one of the most abundant and widespread
wildflowers in the Gran Desierto. Often among the first

ephemerals to appear after a rain, and one of the last to
perish during spring drought. Found in nearly every local
habitat, although generally absent from higher dunes. Ray
corollas white, disk flowers yellow. 20662, 20736.
*Peucephyllum schottii (A. Gray) A. Gray. DESERT

FIR. Small shrub on rock slopes on all exposures, and
usually most common at higher elevations. Spring and
probably at other seasons. 20399.

*Porophyllum gracile Benth. ODORA. Perennial with

pungently aromatic herbage. Rocky soils, commonest
in canyons and on steep north and east -facing slopes.
Apparently flowering at any season following rainfall.
March. 20380, 20664, 20665.

+Sonchus asper (L.) Hill. SOW THISTLE. Spring

*Trixis californica Kell. var. californica. Bushy perennial. Foliage and flowers appear at various seasons including spring. Common undershrub and among large rocks.

Steep slopes, flats at base of mountain, and gravelly
washes. 20400, 20678.
CR UCIFERAE. Mustard Family

*Descurainia pinnata (Walt.) Britt. ssp. halictorum
(Cocker.) Detl. TANSY MUSTARD. Winter- spring
ephemeral. Common in gravelly washes near base of
mountain; less common among rocks. 20722.

+Dimorphocarpa pinnatifida Rollins [Dithyrea wislizenii Englm., in part]. SPECTACLE POD. Winter- spring
ephemeral, up to 1.0 to 1.5 m. across. Flowers smaller than
those of Dithyrea californica ; both have a sweet fragrance.

Dunes and sand flats, abundant on high dunes. Often
sympatric with Dithyrea californica. Endemic to sand
soils of northwestern Sonora and southwestern Arizona
(Rollins, 1979). 19096, 20354 -B, 20429(TYPE, GH; UA).

ephemeral. Found at several widely separated localities in

+Dithyrea californica Harv. SPECTACLE POD.

interdune troughs; rare and apparently not well estab-

Winter -spring ephemeral. Dunes and sand flats. 19036,

lished. A widespread weed, native to Europe. 20772.

20354 -A, 20780.

* +Stephanomeria exigua Nutt. var. exigua. DESERT
STRAW, ANNUAL MITRA. Spring ephemeral. Scattered
on interdune troughs, low dunes, and gravelly washes near

*Lepidium lasiocarpum Nutt. var. lasiocarpum. PEP PERGRASS. Winter -spring ephemeral. Gravelly washes,
sand flats, and less common among rocks. This variety is
poorly differentiated from var. latifolium Hitchc. and var.

mountains. 19023, 19102, 20775.
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georginum (Rydb.) Hitchc. These varieties appear to be of
doubtful systematic significance. 20746.
*Streptanthella longirostris (S. Wats.) Rydb. LONG BEAKED TWIST FLOWER. Winter- spring ephemeral.
Common on sandy soils; washes and flats. 20749.
CUCURBITACEAE. Gourd Family

+Brandegea bigelovii (S. Wats.) Cogn. Rank -growing
vine, often climbing to the top of palo verde (Cercidium
floridum), smoke tree (Psorothamnus spinosus), or iron-

wood (Olneya tesota). Although the plant rapidly develops a relatively thick tap root, it appears to be an
ephemeral or short -lived annual. Flowering recorded from

October through May. Entering the Gran Desierto dune
region in large washes and interdune troughs adjacent to
the southern and western margins of the Pinacate lava
field. 19081, 19265.

+Cucurbita palmata S. Wats. COYOTE MELON. Sev-

eral widely scattered plants found on sand flats in the
Rosario region. 20348.

1.

EUPHORBIACEAE. Spurge Family
*Argythamnia lanceolata ( Benth.) Muell. Arg. [Ditaxis
( Benth.) Pax & Hoffm.]. Perennial, but flowering in first

season. In nearly all situations in the Rosario region except sand flats and dunes, although seldom very common
Freeze -killed new growth observed in spring, 1973. 20377,
20720.

*Argythamnia neomexiana (Torr.) Muell. Arg. [Ditaxis
n. ( Muell. Arg.) Heller]. Facultative ephemeral or short lived perennial. Rocky slopes including south exposures;
widespread. Non -seasonal in adjacent regions and here
collected in flower in March.

+Argythamnia serrata Muell. Arg. [Ditaxis s. (Torr.)
Heller]. YUMA DITAXIS. Facultative ephemeral or short lived perennial. Sand flats and lower dunes. Chracteristically replacing A. neomexicana on sandy soils. A. serrata

is generally distinguishable from A. neomexicana by its
more robust habit of growth, stouter and deeper tap root,
and lighter -colored foliage. March and probably any time
following rains. 20754.

+Chamaesyce platysperma (Engelm.) Shinners
[Euphorbia platysperma Engelm.] DUNE SPURGE. Figures 13 and 14. Endemic to the Gran Desierto from the
vicinity of El Golfo and the northwest side of the Sierra del
Rosario eastward to the southern and western margins of
the Pinacate lava shield. Abundant on shifting dunes of
low to medium height, and variously present on higher
dunes. At El Golfo it occurs on beach dunes nearly to high
tide level.

Ephemeral or annual (possibly facultatively perennial)
with deeply buried roots and stems; forming loose, spreading mounds 0.5 to 1.0 m. across. Blowing sand accumulates around the numerous stems. Grains of sand adhere to
the glandular, sticky- surfaced buried portion of the stem,

forming a jacket of sand. Stems slender, flexible, pale
orange -tan, arching or ascending, becoming semi -prostrate

with age. Plant entirely glabrous. Leaves relatively thin,
elliptic to oblong; midrib prominent. Involucres solitary
in leaf axils, yellowish -green. February to May, and maybe
other seasons. 16707, 19011, 19543.
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It appears cloest to C. incerta Millsp., a facultatively

perennial spurge on beach sand at widely scattered
localities along the Gulf of California. The two species are

allopatric, very distinct, and with no known intermediates.

C. platysperma has previously been known from only
two specimens (Wheeler, 1941): Coachella Valley, south-

eastern California, and near the mouth of the Colorado
River. The California plant was probably a waif.

Dune spurge is sensitive to freezing weather, and in
March, 1975, aerial portions of the plants in the Rosario
region had been recently freeze -killed. However, plants

observed at the same time along the coast at El Golfo
showed no freezing damage. The inability of this species
to establish itself in southeastern California may be due to
winter freezing.
*Chamaesyce polycarpa ( Benth.) Millsp. var. polycarpa.
[Euphorbia p. Benth. var. p.]. GOLONDRINA. Figure 15.
Facultative ephemeral, annual, or perennial. Common and

widespread on rocky, sandy and gravelly soils; flats,
washes, and rocky slopes. Rare on lower dunes. Flowering

and germinating at any time of year with sufficient soil
moisture. 20381, 20441, 20730.
*Chamaesyce setiloba (Engelm.) Millsp. [ Euphorbia s.

Engelm.]. YUMA SPURGE. Non -seasonal ephemeral.
Sensitive to freezing temperatures, and killed or damaged
by frost. However, new growth and new plants may appear
with warmer weather in the following weeks. Stems wiry,
dark, and often blackish; foliage reddish and pubescent;
cyathea star -like and very small. Involucral bracts white,

fading to pink. Common in gravelly washes, and sometimes common among rocks on lower slopes and desert
pavement. 20729.
+Croton wigginsii Wheeler. DUNE CROTON. Shrub 1
to 2.5 m. tall. Leaves tardily drought- deciduous and highly

variable in size depending upon soil moisture. Flowering
at any season. One of the more widespread and abundant
perennials on high, shifting dunes throughout the Gran
Desierto. 10811, 16702, 20781; Beezy 457, 460 (ARIZ).

Wiggins (1964) reports this species southward along the
Sonora coast to the vicinity of Guaymas (Bahia San Carlos). However, in Sonora it does not extend beyond the
Gran Desierto, and is replaced by C. californicus Benth.

along the Sonora coast southward from the vicinity of
Puerto Peñasco. Wiggins (1964) states C. californicus has 6

to 15 stamens, and C. wigginsii 30 stamens. I have not
been able to verify this distinction; Sonora specimens of
both species have 8 to 15 stamens. C. wigginsii is a conspicuously distinctive, allopatric segregate of C. califor-

nicus. Intergrading specimens have not been found in
Sonora. However, the regions of contact in Sonora are
botanically poorly known. Some of the characters distinguishing the two species in Sonora are:
C. wigginsii
C. californicus
1. Shrub up to 1.5 to 2.5 m., 1. Herbaceous or
woody at base.
suffruticose, 0.5
to 1.0 m. tall.
2. Densely branched, strict; 2. Open, divaricately
several times taller
branched; as wide or
than wide.
wider than tall.

3. Densely silvery -stellate
throughout.
4. Leaves linear to
lance -linear.
5. Inflorescence, flowers,
and fruit larger.
6. Seeds 6 to 10 mm. long.

3. Variously stellate -hoary.
4. Leaves oblong -elliptic.

5. These parts ca. 50%
smaller.
6. Seeds 3 to 4 (5) mm. long.

*Euphorbia eriantha Benth. DESERT POINSETTIA.
Winter- spring ephemeral. Common on sand flats, washes,
desert pavements, and lower hills. 20719.
+Stillingia linearifolia S. Wats. NARROW -LEAF STILLINGIA. Short -lived perennial and facultative ephemeral

or annual. Sand flats, low dunes, and less commonly in
interdune troughs and washes. Widespread and common
in the Gran Desierto. Spring, and probably also flowering
with summer rains. 20698, 20771.

+Stillingia spinulosa Torr. ANNUAL STILLINGIA.
Spring ephemeral. Rolling sand plains with Larrea. Common near El Golfo, but relatively rare in the Rosario region. Unknown further east. 20357, 20417.
FO UQ UIERIACEAE. Ocotillo Family

*Fouquieria splendens Engelm. ssp. splendens.
OCOTILLO. Common and widespread on sandy, gravelly,
and rocky soils; plains and rocky slopes to peak elevation
on all slope exposures. Generally flowering in March and
April. A massive flowering of ocotillo followed the heavy

rains in fall, 1972, which ended a 36 month rainless
period.

GERANIACEAE. Geranium Family

Figure 14. Cyathia of dune spurge, Chamaesyce
platyspemra. Drawing by Marlo Buchmann.

*+Erodium texanum A. Gray. TEXAS FILAREE.
Winter- spring ephemeral. Common on desert pavement
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and sand flats, less common on dunes and rocky slopes.
20713, 20751.
HYDROPHYLLACEAE. Waterleaf Family

*Eucrypta micrantha (Torr.) Heller. Delicate winter spring ephemeral. Rocky soils and gravelly washes, generally in shady places and on north -facing slopes. 20750.

* +Nama hispidum A. Gray var. spathulatum (Torr.)
Hitchc. Winter- spring ephemeral. Common on low hills,

plains, washes, interdune troughs, and lower dunes;
sandy, gravelly, and rocky soils. 20799.

* +Phacelia ambigua Jones var. minutiflora (Voss) Atwood [P. crenulata Torr. var. c., in part; P. c. var. m. (Voss)
Jeps.; P. m. Voss]. HELIOTROPE PHACELIA. One of the
most abundant winter- spring ephemerals. Widespread on
rocky, gravelly, and sandy soils; slopes, flats, washes, and

lower dunes. Corolla lavender. 20655, 20577, 20578,
20693, 20744.
*Phacelia pedicellata A. Gray. Winter -spring ephemeral.

Mostly on north and east -facing slopes and in gravelly
washes. Seldom common, and mostly in shaded places.
20654, 20676.
KRAMERIACEAE. Krameria Family
*Krameria grayi Rose & Painter. WHITE RATANY. Low

spreading shrub, densely branched with spinescent- tipped
twigs, leaves quickly drought- deciduous. Rocky slopes,
rocky or gravelly soil plains, and sand flats. 20391.
*Krameria parvifolia Benth. RANGE RATANY. Dwarf

shrub, 3 to 4 dm. high. Mostly on lower slopes, upper
bajadas, and gravelly -sandy plains adjacent to mountains.

Not common, generally aggregated in small, localized
colonies. The present specimens do not allow varietal
identification.
LABIATAE. Mint Family

*Hyptis emoryi Torr. var. emoryi. DESERT LAVENDER. Much -branched, slender -stem shrub, commonly 1.5
to 2 m. tall. Best developed along major gravelly washes;
also on rocky slopes, mostly along drainageways. Flower-

ing at various seasons, including spring. The small
blueish -lavender flowers are frequented by Costa's hummingbird.
LEGUMINOSAE. Legume or Pea Family

+Astragalus insularis Kell. var. harwoodii Munz &
McBurney. SAND LOCOWEED. Winter- spring ephemeral. Abundant in scattered localities on shifting dunes,
and less common on sand plains. A deep taproot is quickly
developed, and the plant often survives longer into the
pre- summer drought than most other spring ephemerals.
20349, 20777.

* +Cercidium floridum Benth. ssp. floridum. BLUE
PALO VERDE. Small tree characteristic of larger washes

in the Rosario region where it commonly occurs with
ironwood (Olneya tesota). Occasional as a large shrub in
interdune troughs and on low dunes. Massive flowering in
March and April, but not flowering every year. 20739.
In extreme northwestern Sonora C. floridum has a more
extensive distribution than does C. microphyllum (foothill palo verde). The nearest population of C. microphyllum occurs on the upper alluvium of the Sierra del Viejo
15 to 20 km. northeast of the Sierra del Rosario. Presumably the deep roots of C. floridum and its semi -riparian

Figure 15. Golondrina, Chamaesyce polycarpa, flowering
in first season. Drawing by Frances Runyan.

microenvironment allows it to extend further into an extremely arid environment than does C. microphyllum.
* +Dalea mollis Benth. SILKY DALEA. Winter - spring
ephemeral. Widespread and common on sandy, gravelly,
and rocky soils; plains, low dunes, washes, rocky flats,
low rocky hills, and lower mountain slopes. Roots modulated. 20343, 20443, 20733, 20790.

*Hoffmanseggia mictophylla Torr. Small shrub with
numerous, rush -like, rigid, and erect green stems. Leaves

quickly drought- deciduous. Common on lower rock
slopes and hills on the west side of the mountains. April.

* +Lotus strigosus (Nutt.) Greene var. tomentellus
(Greene) Isely [L. t. Greene; Hosackia t. (Greene) Abrams].
DESERT LOTUS. Winter- spring ephemeral, highly variable in size, roots nodulated. Widespread, sometimes car-

peting the desert. Rocky slopes, flats, lower dunes and
interdune troughs. 20339, 20661, 20696, 20748.
* +Lupinus arizonicus (S. Wats.) S. Wats. ssp. sonorensis

Christ. & Dunn. ARIZONA LUPINE. Winter -spring
ephemeral. Herbage semi -succulent, roots nodulated,
flowers pale lavender -pink. In spring, 1973, there were
spectacular displays of this lupine on the dunes north of
the Sierra del Rosario and elsewhere. These plants were

much branched and commonly more than a meter in
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height. Also on interdune troughs, sandy plains, and less
commonly in gravelly washes and north -facing rocky
slopes and low hills. The flowers, pods, and young herbage
are often ravished by myriad sphinx moth caterpillars and
other lepidopterans, and it is sometimes difficult to locate
entire pods. 20359, 20657, 20727, 20762.
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and southeastern California (see Gray, 1854; Kearney and
Peebles, 1951; Nabhan, in press; Thackery, 1951).
Sandfood is one of the culinary oddities of the world.

FIERRO. Small tree, often 7 to 8.5 m. tall with a thick and

It was highly esteemed by Papago and Cocopa Indians
(Castetter and Bell, 1942, 1951). The Sand Papago often
camped in the dunes in spring in order to gather sand food, and apparently they were also able to locate the
underground stems at any time of the year (Lumholtz,

short trunk, grey shredding bark, and nearly evergreen
foliage which often provides the only local source of

well as liquid for thirsty travelers. It was eaten fresh,

shade. Characteristic of larger desert washes; less corn -

boiled, baked in hot ashes, or dried and stored and vari-

mon on steep rocky slopes. Occasional in interdune

ously prepared. Little is known of the biology of this

troughs, and rarely on lower dunes. In recent years most of

unusual plant (see Kuijt, 1969).

the great stands of ironwood in the Gran Desierto and
Pinacate region have been devastated by woodcutters.
Massive flowering in late April and early May, but not

s.n., 31 March 1973; Simmons, s.n., 11 April 1965;

* +Olneya tesota A. Gray. IRONWOOD, PALO

flowering every year, and apparently not flowering during
drought years. 20369, 20742.

*Phaseolus filiformis Benth. DESERT BEAN. Nonseasonal ephemeral; collected in spring in the Rosario
region. Widespread in northwestern Sonora, but apparently uncommon in the Rosario region. Gravelly washes,
sometimes twining into overhanging ironwood branches.
Occasional on rocky slopes among large rocks, and on
sandy soils.

* +Prosopis glandulosa Torr. var. torreyana (L. Bens.)
M.C. Johnst. WESTERN HONEY MESQUITE, MEZQUITE. Shrub or small tree, partially to wholly winter -

deciduous in this region, and very tardily deciduous
during severe drought. New foliage appears in March
and early April. Common on low to medium height dunes

and interdune troughs throughout the Gran Desierto;
rare along major washes and sand flats near the Sierra
del Rosario.

+Psorothamnus emoryi (A. Gray) Rydb. var. emoryi
[Dalea e. A. Gray]. EMORY INDIGO BUSH. Small shrub.

The fresh herbage produces a fugitive yellow stain on
hands and clothing. Widespread and common on sand flats
and shifting dunes. Spring. 20426, 20791.
+Psorothamnus spinosus (A. Gray) Barneby [Dalea s. A.
Gray]. SMOKE TREE. Small tree, entering the Gran Desierto dune region in large washes and interdune troughs

1912:331). The stem is sweet and juicy, providing food as

ARIZ: Niemi, s.n., 16 March 1968; Norris and Bucher,

Myrhman and Nabhan 22. Three specimens of historic
interest are at the Gray Herbarium: Palmer 932(GH),
Lerdo, Sonora, April 24 -26, 1889; Lumholtz 4(GH), The
Great Camote, sand dunes of Sierra del Rosario, near Pina-

cate, NW Sonora, March 1910. Flowers tiny light blue
bells, several in middle of head, plant buried in sand to
within 2 inches of top, sweetish and juicy, more so than a
raddish. A second specimen also bears the same collection
number. Lumnoltz 4(GH), Camote of Mexicans, given to
Dr. Lumholtz dry, said to be edible in May when eaten by
the Papago Indians, in sandy desert southwest of Sonoita,
collected by Indians, 27 January 1910 [the date is an annotation by R. Bye in 1976].
LOASACEAE. Blazing Star Family
+Mentzelia albicaulis Dougl. WHITE -STEM BLAZING

STAR. Spring ephemeral. Rolling sand plains with Larrea,
and dunes of low to medium stature. Stems and capsules
slender, flowers crepuscular, petals yellow. 20358.
*Mentzelia involucrata S. Wats. var. megacantha I.M.
Johnst. SILVER BLAZING STAR. Winter- spring ephem-

eral. Scattered in gravelly washes. Flowers crepuscular,
petals silvery- yellow. The varieties are based solely on
petal size, with the petals being larger in the western part
of the range, such as near Palm Springs, California. 20741.

+Mentzelia multiflora (Nutt.) A. Gray ssp. longiloba
(Darlington) Felger, stat. & comb. nov.

Mentzelia longiloba Darlington, Ann. Mo. Bot. Gard.

adjacent to the southern and western margins of the

21:176, 1934.

Pinacate lava field.
LENNOACEAE. Sandfood Family

M. pumila (Nutt.) Torr. & Gray, in part [northwestern
Sonoran and nearby southeastern California and southwestern Arizona (Kearney and Peebles, 1951; Wiggins,
1964). M. pumila, s. s., occurs in northeastern Arizona

+Ammobroma sonorae Torr. SANDFOOD, COMOTE
DE LOS MÉDANOS, HIA TADK ( Papago). The Papago

name derives from hia 'sand dunes', and tadk 'root'
(Lumholtz, 1912:319; Nabhan, in press). It is a root perennial and parasitic on Ambrosia dumosa, Eriogonum

deserticola, Psorothamnus emoryi, Tiquilia palmeri,
and T. plicata. Commonest on stabilized lower dunes,
but also on shifting dunes. The thick, underground, and
succulent stem, often more than 1 m. long, may weigh
more than the host plant. The densely pubescent, sand colored, and button -like inflorescence may appear at the
surface of the sand from March through May, depending
on soil moisture. Drifting sands throughout the Gran
Desierto and adjacent areas of southwestern Arizona

(H. Thompson, personal communication)].

DUNE BLAZING STAR. Winter- spring ephemeral;
elsewhere it is perennial. Rolling sand plains with Larrea
and on low to medium height dunes. This sand -adapted
ecotype or geographic subspecies occurs in northwestern

Sonora, northeastern Baja California, southeastern
California, and southwestern Arizona. 18012, 20356,
20415, 20784.

+Petalonyx thurberi A. Gray ssp. thurberi.
SANDPAPER PLANT. Slender perennial, mostly 1.2 to 1.8
m. high, occasionally to 2.5 m. The Gran Desierto plants
are unusually tall and robust, and commonly develop a
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short, woody trunk. Common on shifting dunes in the
eastern portion of the Gran Desierto, and not seen near the
Sierra del Rosario. 19015.
MALVACEAE. Mallow Family
*Hibiscus denudatus Benth. ROCK HIBISCUS. Perennial. Common on rocky slopes to peak elevation including
south -facing exposures, bajadas, and occasional in gravelly
washes. Flowering at various seasons including spring. It
is one of the most drought- tolerant perennials in the region. 20376, 20660, 20694.
*Horsfordia alata (S. Wats.) A. Gray. PINK VELVET
MALLOW. Sparsely branched slender shrub, 2 to 3 m. tall.
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regions it also occurs as a short -lived perennial. Rocky
slopes, commonest at higher elevations, occasional in
washes and upper bajadas. Corolla bright yellow. 20663.
* +Camissonia boothii (Dougl.) Raven ssp. condensata
(H. & A.) Raven [Oenothera decorticans (H. & A.) Greene
var. c. Munz]. BOTTLE WASHER. Winter- spring ephemeral. Mostly on gravelly or sandy soils; flats, washes, and
lower dunes.
*Camissonia californica (Nutt. ex Torr. & Gray) Raven
[Oenothera leptocarpa Greene]. Winter- spring ephemeral.
Seasonally abundant near base of mountains and on hills,
bajadas, and washes; rocky and gravelly soils. 20716.

Gravelly washes, commonly beneath Olneya. Petals

*Camissonia chamaenerioides (A. Gray) Raven

pinkish when fresh. Freeze- damaged herbage observed in

[Oenothera c. A. Gray]. Winter - spring ephemeral. Corn -

spring, 1973. Flowering at various seasons including

mon and more or less distributed with C. californica.

spring. 20392, 20735.

20695, 20747.

*Sphaeralcea ambigua A. Gray ssp. ambigua. DESERT
HOLLYHOCK, DESERT MALLOW. Perennial, common
on rocky slopes. Blade about as wide as long, petals orange.
20351, 20378, 20667.

+Sphaeralcea orcuttii Rose. ORCUTT GLOBE MALLOW. Long -lived winter - spring ephemeral; elsewhere it is

biennial. A deep tap root is quickly developed, and plants
commonly become 1 to 2 m. tall. Blade sub -hastate, longer
than broad. Commonest on sand plains with Larrea, and
also common on low stabilized dunes and shifting dunes
to moderate height. 20351, 20436.
NYCTAGINACEAE. Four O'Clock Family
+Abronia villosa S. Wats var. villosa. SAND VERBENA.
Spring ephemeral. Highly variable in size depending upon
soil moisture, larger plants have long trailing stems; fragrant rose -colored flowers. Dunes and rolling sand hills.

Often seasonally abundant with Oenothera delotides,
Lupinus arizonicus, Dimorphocarpa pinnatifida, and

*Camissonia claviformis (Torr. & Frem.) Raven ssp.
peeblesii (Munz) Raven [Oenothera c. Torr. & Frem. ssp. p.
(Munz) Raven]. Winter -spring ephemeral. Fairly common
in gravelly washes near the base of the Sierra del Rosario.
Corolla white with reddish -spotted center, fading to pink,
but drying pale purple. Sympatric with spp. yumae. 20743.
+Camissonia claviformis ssp. rubescens (Raven) Raven
[ Oenothera c. ssp. r. Raven]. Winter- spring ephemeral.

Abundant on sand flats and lower shifting dunes at east
end of Gran Desierto in vicinity of the Pinacate lava fields.
Corolla clear yellow with red spot in center. 19007, 19094.
* +Camissonia claviformis ssp. yumae (Raven) Raven
[Oenothera c. ssp. y. Raven]. Winter- spring ephemeral.

Abundant in the western part of the Gran Desierto and

eastward along the Sonora coast to at least Puerto
Peñasco. Rocky soils of lower hills and gravelly washes,
flats, and dunes. Corolla pale yellow with red -spotted
center. 20353, 20442, 20707, 20734, 20782.

Dithyrea californica. 20428, 20783.
*Allionia incarnata L. WINDMILLS. Facultative, nonseasonal ephemeral or short -lived perennial. Slender trail-

+Oenothera deltoides Torr. & Frem. ssp. deltoides [O.
trichocalyx Nutt.]. DUNE PRIMROSE, WHITE DESERT
PRIMROSE, DEVIL'S LANTERN. Winter- spring ephem-

ing stems; lavender corollas open in morning and fade

eral. Abundant on dunes throughout the Gran Desierto.
During favorable years a major portion of the biomass on
the dunes consists of this plant. The large white flowers
open shortly before dusk, and remain open until the late

with midday heat. Sandy wash at north side of main peak,
and probably more widespread in the region.
*Boerhaavia spicata Choisy [B. coulteri (Hook. f.) S.
Wats.; B. wrightii A. Gray]. SPIDERLING. Summer -fall
ephemeral; sometimes persisting until freezing weather in
winter. Rocky, gravelly, and sandy soils; slopes, flats, and
washes. Bracts 1.2 to 2.0 mm. long and ciliolate, anthocarp
5- angled. The several species of Boerhaavia in the Sonoran
Desert with ephemeral habit, racemose inflorescence, and
5- angled fruits appear to be conspecific. I find no satisfactory way to consistently separate them on morphological
characters. Flowers open in morning. 20724.
*Mirabilis tenuiloba S. Wats. LONG -LOBED FOUR
O'CLOCK. Perennial. Rocky canyons and slopes, corn mon on north and east exposures; less common in gravelly

washes adjacent to rocky slopes. Seedlings and young
plants develop thick, succulent stems and swollen roots.
Flowers white, fading in midday. March. This is the first
record for this species in Sonora. 20652, 20737.
ONAGRACEAE. Evening Primrose Family

*Camissonia arenaria (A. Nels.) Raven [Oenothera a.
(A. Nels.) Raven]. Winter -spring ephemeral, but in nearby

morning heat of the following day. However, on cool days
the flowers remain open nearly all day. Towards the end of
the season the plants are ravished by hoards of caterpillars
(see Lupinus). The dry, basket -like skeletons persist for

several years or more, hence the name devil's lantern.
20355, 20439, 20764; Lumholtz 13 (GH).

+Oenothera primiveris A. Gray ssp. caulescens (Munz)
Munz. YELLOW DESERT PRIMROSE. Winter -spring
ephemeral. Sand flats, generally adjacent to dunes. Seldom
common. Apparently absent from dunes where it is replaced by O. deltoides. The large yellow flowers open at
dusk. 20801.
PAPAVERACEAE. Poppy Family

+Argemone munita Dur. & Hilg. ssp. argentea Ownbey.
PRICKLY POPPY. Several small plants, apparently waifs
flowering in the first season, on rolling sand plain at aban-

doned ranch ca. 5 km. north of the main mountain.
March. Common in nearby regions in northwestern
Sonora. 20346.
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PLANTAGINAGEAE. Plantain Family
* +Plantago insularis Eastw. var. fastigiata (Morris) Jeps.
WOOLLY PLANTAIN. Winter- spring ephemeral. Lower

rock slopes, hills, bajadas, washes, sand flats, and dunes,
although rare on higher dunes. Highly variable in size,
ranging from 1.5 to 30 cm. tall. Plants from the dunes are

exceptionally narrow -leaved and very densely silky villous. If these are genetic characteristics, the dune popu-

lations may warrant taxonomic recognition. 20344,
20425, 20700, 20785.
POLEMONIACEAE. Phlox Family

+Langloisia setosissima (Torr. & Gray) Greene.
Winter -spring ephemeral. In the Rosario region it is common in interdune troughs. 20769.
* +Linanthus bigelovii (A. Gray) Greene. Winter- spring
ephemeral. Common over a wide range of habitats: lower

dunes, interdune troughs, sand flats, bajadas, and lower
mountain slopes. Occasional at higher elevations on rocky
slopes. 20710, 20770.
POLYGONACEAE. Buckwheat Family

* +Chorizanthe brevicornu Torr. ssp. brevicornu. BRITTLE SPINE FLOWER. Winter- spring ephemeral. Widely

distributed and common on rocky slopes, desert pavement, gravelly washes, and sand flats. Occasional in interdune troughs, otherwise absent from dunes. 20686.
*Chorizanthe corrugata (Torr.) Torr. & Gray. WRINKLED SPINE FLOWER. Winter- spring ephemeral. Common on desert pavement and gravelly soils, and usually
less common on rocky slopes and sand flats. The plants
are generally in aggregated colonies, presumably because
seed dispersal is largely by disarticulation of the bracts and
inflorescence. 20690, 20752.
*Chorizanthe rigida (Torr.) Torr. & Gray. SPINY HERB.
Winter- spring ephemeral. Common and widespread except at higher elevations. Rocky, sandy, and gravelly soils,
best developed on desert pavement. The dry skeleton persists for several years, looking like a miniature ocotillo.
20690, 20732, 20752, 20757.

+Eriogonum deserticola S. Wats. DESERT BUCKWHEAT. Sparsely branched, spindly shrub, reaching 1.5 to
2.2 m. in height. A characteristic and common species on
shifting dunes throughout most of the Gran Desierto. Not

previously recorded for Mexico. April and probably at
other times. 20414, 20778.

*Eriogonum fasciculatum Benth. ssp. polifolium
( Benth.) Stokes. Low spreading shrub, mostly on north and

east -facing clopes; commoner towards higher elevations
and in steep canyons. Spring. This is the first record for
this species in Sonora. 20383, 20681.
*Eriogonum inflatum Torr. & Frem. var. inflatum. [E. i.
var. deflatum I. M. Jtn.l. DESERT TRUMPET. Perennial,

also flowering in the first season. Common on rocky
slopes and canyons. Spring. 20365, 20697.

The var. infalatum does not seem to be genetically distinct from var. deflatum (Stone and Mason, 1979). Therefore the local population is included under the nominate
taxon. However, the annual var. contiguum Reveal from
Death Valley, California, does seem to be taxonomically
distinct.
*Eriogonum thomasii Torr. Diminutive winter -spring
ephemeral. Common on lower rocky slopes, desert pave-
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ment, gravelly washes, and sandy flats. 20673, 20702,
20725.

* +Eriogonum trichopes Torr. YELLOW TRUMPET.
Spring ephemeral; commonly flowering from March to
late April. Seasonally abundant on sandy plains, and less
common on low dunes and along gravelly washes. 20345,
20773, 20800.

*Eriogonum wrightii Torr. ex Benth. ssp. wrightii.
Perennial subshrub. Canyons on west and northwest side
of the main peak. Apparently occupying more xeric sites
than those in which E. fasciculatum is common; the two
species are, however, sympatric.
+Nemacaulis denudata Nutt. var. gracilis Goodm. &
Bens. WOOLLY HEADS. Delicate winter- spring ephemeral. Sand flats and shifting dunes. 20795.
PORTULACACEAE. Portulaca Family
*Calandrinia ambigua (S. Wats.) Howell. Spring ephem-

eral. In March, 1973, a localized population of less than
1,000 plants was found on an otherwise barren portion of
desert pavement bajada on the northwest side of the main
mountain. The entire plant is extremely succulent. Previously unknown for Sonora. 20718.
RAFFLESIACEAE. Rafflesia Family

+Pilostyles thurberi A. Gray. Parasitic on Psorothamnus emoryi. Purplish -brown buds, flowers, and fruit, each

about the size of a pin head (ca. 2 to 4 mm. diameter)
dotting stems of host plant; flowers and fruit persistent.
This is the smallest non -aquatic flowering plant in the
Sonoran Desert. Two populations occur in the dunes, each
in an interdune valley or corridor between the southwestern edge of the Pinacate lava shield (at Moon Crater) and
Bahia Adair. It also occurs at two other localities in Son-

ora: 19.3 km. south of Riito, adjacent to the Colorado
River; and on high beach dunes encroaching the north side
of Cerro Tepopa (vicinity 29 °24' N, 112 °24' W). Although

the mechanism of pollination in the family remains unknown, a species of long -legged fly was observed visiting
Pilostyles flowers at Cerro Tepopa (also see Blassingame,
1968).

Maritime fog occasionally settles in the interdune corridors in the Gran Desierto where Pilostyles occurs (Larry
A. May, personal communication) and at the north side of
Cerro Tepopa. Heavy dew also is common along the lower
Colorado. With fog or dew the sterns of the host plant and
Pilostyles are dripping wet. The widely disjunct, localized
distribution of Pilostyles is attributed to special localities
receiving greater than usual amounts of fog or dew for this
part of the Sonoran Desert. This is the first verification of
Pilostyles in Sonora.
RESEDACEAE. Mignonette Family

*Oligomeris linifolia (Vahl) Macbr. Non -seasonal
ephemeral; the Rosario collections are winter -spring
plants. Lower rocky slopes, level terrain with desert
pavement, and gravelly arroyos. 20692.
R UBIACEAE. Madder Family

*Galium stellatum Kell. ssp. eremicum (Hilend &
Howell) Ehrendf. DESERT BEDSTRAW. Perennial. Steep
north and east -facing rocky slopes, generally in drainage -

ways, and commonest towards higher elevations. Less
common in major canyons on west side of mountains, and
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occasionally in washes at base of north -facing slopes.
March and probably at other times of year. 20380, 20651.
SCROPHULARIACEAE. Figwort Family

*Antirrhinum cyathiferum Benth. DESERT SNAP-

DRAGON. Non -seasonal ephemeral; known from
winter -spring plants in the Rosario region. Widespread on

rocky and gravelly soils; slopes, desert pavement, and
washes. 20715.
SOLANACEAE. Potato or Nightshade Family

* + Datura discolor Benth. DESERT DATURA, TOLOACHE. Non -seasonal ephemeral, although frost sensitive and responding weakly to cooler weather.
Mostly on sandy and gravelly soils; washes, and occasionally on sandy plains and low dunes. 20759.
*Lycium andersonii A. Gray. DESERT WOLFBERRY.
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Gran Desierto. Rocky slopes to peak elevation, bajadas,
sand and gravel flats, washes, and dunes although absent
from higher dunes. Occurring in pure stands over large
areas of sand flat, or with Ambrosia dumosa and Tiquilia
palmen. On dunes it tends to be taller and more slender
than usual, and often reaches 3 m. in height. Flowers and
foliage responding to soil moisture at any time of year; full
bloom recorded in March and April. 20350, 20386, 20711.
MONOCOTYLEDONEAE
GRAMINEAE. Grass Family

*Aristida adscensionis L. SIX -WEEKS THREEAWN.
Ephemeral occurring at any season with rains. Common
on rocky soils: flats and steep slopes, and gravelly washes.
Roots weakly developed. Awns usually less than 1 (1.5)
cm. long. 20388, 20670, 20706, 20768.

Spinescent shrub, common in major washes with palo
verde and ironwood. Characterized by narrow leaves and
flowers, and light -colored twigs and bark. L. a. var.

THREEAWN. Perennial and also flowering in first season.
Roots relatively thick, fleshy, and well developed. Com-

wrightii A. Gray and var. deserticola (Hitchc.) Jeps. do not
seem to be geographically segregated nor genetically dif-

mon on sand flats and lower dunes, absent from higher
dunes. Spring, and probably at other seasons. 20360,

ferentiated; leaf size varies considerably with seasonal
conditions, and individual plants bearing both 4 and 5
lobed corollas have been found in various regions of

20433, 20755, 20768.

Sonora. March. 20373, 20728.

THREEAWN. Perennial with well- developed fibrous

*Nicotiana clevelandii A. Gray. CLEVELAND'S TOBACCO. Winter- spring ephemeral. Gravelly washes and
rocky -sandy soils near major washes; infrequent and usually in small and relatively dense populations indicating
that the seeds tend to be locally distributed. Commonly
growing in the winter- spring shadow (north side) of larger
ironwood (Olneya) trees. Corolla white, open at dawn.

roots. Steep rocky canyons and north - facing slopes, commonest towards higher elevations. Awns 2 to 3 cm. long.

Occurring as far south as Hermosillo and at Ensenada
Grande ( =San Pedro Bay; 28 °02' N). Not previously reported for Sonora. 20745.
VISCACEAE. Mistletoe Family

+Aristida californica Thurb. ex S. Wats. MOJAVE

* Aristida purpurea Nutt. var. glauca (Nees) A.
Holmgren & N. Holmgren [A. wrightii Nash]

March and April, and probably at any season following
rainfall. 20384, 20671.

* +Bouteloua aristidoides (H.B.K.) Griseb. NEEDLE
GRAMA. Hot -weather ephemeral, sometimes abundant.
Sandy and gravelly soils, less common among rocks. Low
dunes and interdune troughs, flats and lower rocky slopes,
occasional at higher elevations on rocky slopes. 20721,
* +Bouteloua barbata Lag. SIX -WEEKS GRAMA. Hot -

weather ephemeral occurring with the above species,

* +Phoradendron californicum Nutt. DESERT MISTLETOE. Common parasite on ironwood (Olneya) and

20397, 20765.

mesquite (Prosopis), and distributed with the host species,
including dune areas. 20723.
ZYGOPHYLLACEAE. Caltrop Family
*Fagonia densa I.M. Johnst. Densely branched dwarf
shrub, but also flowering in first season and facultatively
ephemeral. Common on all slope exposures to peak elevation; particularly abundant on south and west exposures.
Restricted to rocky slopes. Collected in flower in March,
and undoubtedly flowering at other seasons. 20659, 20712.

16. Ephemeral, responding to rains at any time of year,
best developed in warmer weather. Usually on sandy or
gravelly soils; flats, washes, and interdune troughs. Rare
on lower dunes. The obnoxious, spiny burrs persist half -

This is the first record for the species outside Baja

facultative ephemeral. Common on rocky slopes to peak
elevation, including south and west -facing slopes. April

California. The nearest known populations are at Bahía de
Los Angeles and on Isla Angel de la Guarda (Porter, 1963).
*Fagonia laevis Standl. Perennial; also flowering in first

season. Common on rocky soils of lower slopes, upper
bajadas, and desert pavement. Distribution patchy. In
flower and fruit in March, and probably non -seasonal.
20704.

*Kallstroemia sp. Summer -fall ephemeral. Skeletons
of at least one species found on sand flats adjacent to
the Sierra.
* +Larrea divaricata Cay. ssp. tridentata (DC.) Felger &

* Cenahrus palmed Vaqey, GIANT SANDBUR. Figure

hidden in the sand long after the plant dies. 20802.

*Enneapogon desvauxii Beauv. Perennial. Scattered
among rocks on steep north -facing slopes.

*Erioneuron pulchellum (H.B.K.) Tateoka [Tridens p.
(H.B.K.) Hitchc.]. FLUFF GRASS. Low, tufted perennial or

and probably at other times. 20366, 20708.

*Heteropogon contortus (L.) Beauv. in Roem. & Sch.
TANGLEHEAD. Perennial. Erect, clumping grass with
rusty - colored, persistent dry leaves and culms. Scattered
on steep slopes and canyons, and gravelly washes. Spring
and probably at other seasons. 20387, 20731.
* +Hilaria rigida ( Thurb.) Benth. ex Scribn. GALLETA.

Coarse perennial. This is the most conspicuous grass in
northwestern Sonora. Maximum density occurs on low

CREOSOTEBUSH, HEDIONDILLA, GOBERNADOR.

sand hills and sand plains, but it is also common on dunes
to the limits of vegetation. Occasional in gravelly -sandy
soil pockets in steep canyons and on rocky slopes. 20423,

One of the most common and widespread shrub in the

20674, 20717.

Lowe [L. tridentata (Ses. & Moc. ex DC.). Cov.].

Figure 16. Giant sandbur,
Frances Runyan.

Cenchrus palmeri.

Drawing by

Felger

*Muhlenbergia microsperma (DC.) Kunth. SIX -WEEKS
MUHLY. Delicate winter -spring ephermeral. Rocky slopes

near base of mountain; best developed in shaded places
among large rocks. Infrequent in the Sierra del Rosario.
18860, 19101.

+ Schismus arabicus Nees. Winter -spring ephemeral.
Several localized populations found at widely scattered

places in the Gran Desierto during exceptionally wet
years. Sandy soils; flats and at base of high dunes. Introduced from the Old World. 20776.
LILIACEAE. Lily Family

+Hesperocallis undulata A. Gray. DESERT LILY.
Perennial from a single bulb 3 to 6 cm. long. During years

of favorable rains the inflorescence is often paniculate
with 1 to 4 strict branches; flowers whitish, about 5 cm.
across. Common on sand flats and dunes. During dry years
it does not appear. February to May. 20438.
*Nolina bigelovii (Torr.) S. Wats. Yucca -like plant with a
thick, woody trunk 0.5 to 3.5 m. tall, mostly solitary, but

some with several branches. Scattered over rocky slopes
and canyons. Densest in canyons, and on north and east facing slopes; less common and not as widespread on
south and west -facing slopes, where the plants are concen-

trated in larger canyons. Generally commonest towards
higher elevations. Apparently flowering in summer. Also
common in the nearby Sierra Lechugilla, Sierra del Viejo,
and Cerro Pinta. 20396, 20653.
+Triteliopsis palmeri (S. Wats.) Hoover. BLUE SAND

LILY. Perennial from a cluster of tiny bulbs. Attractive
blue flowers on a slender, umbellate scape. Sand flats and
lower dunes, scattered and sometimes common. From El
Golfo northward to the International border; eastward to
the east and south sides of the Pinacate lava shield, and
southward to the Gulf of California. Also on beach dunes
of the Sonora coast from El Golfo to Puerto Peñasco, and
southward to the north side of Cerro Tepopa (29 °24'N;
20854). It reproduces vegetatively by bublets and does not
seem to produce fruit or seeds. Seri Indian children eagerly
eat the fresh bulbs (Felger and Moser, 1976). Late February
to mid -May. 18856, 20797.
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Resumen
El Gran Desierto del noroeste de Sonora es una

de las regiones mas áridas de Norte America. La
vegetación y flora vascular de la Sierra del Rosario

y médanos de los alrededores aquí se analizan y
se comparan. Los médanos, cubriendo aproximadamente 4,500 kilómetros cuadrados, sostienen una
flora de 75 especies, mientras en la Sierra del Rosario,

que abarca cerca de 78 kilómetros cuadrados, 105
especies se han documentado. En todo se documentaron 105 especies, con 36 de ellas compartidas por
ambas zonas. Generalmente, los tipos de vegetación
indican extrema aridez. Especies efímeras (anuales)
representan 55% de toda la flora (65% en los médanos

y 55% en la Sierra). En las márgenes de los arroyos
secos al pie de la Sierra, especies perennes cubren
84% del terreno mientras en los llanos arenosos y
cascajosos solamente cubren 8.5 %. El promedio de
especies perennes en los varios pisos ecológicos de la
Sierra es 17.6 %, entre tanto que en los médanos un
promedio de 11.3% se calculó. Se reportan extensiones geográficas fuera de las distribuciones cono-

cidas para varias especies, inclusivo algunas que
anteriormente no se habían documentado en Mexico

o por lo menos no en Sonora. Sistemáticamente,
se reduce Mentzelia longiloba a subespecie de M.
multiflora. Existen solamente tres especies naturali-

zadas, pero no nativas al nuevo mundo, en los

Nabhan, G. P. Ammobroma sonorae: An endangered

médanos, mientras no se hallaron en la flora de la

plant in extremely arid North America. Desert Plants

Sierra. Sin embargo, cuando se consideran en relación

(in press).

Palmer, E. 1871. Food products of the North American
Indians. Rep. U.S. Dept. Agric. for 1870. 404 -428.

a terreno semejante en el sureste de California y el
suroeste de Arizona, los médanos muestran algún
nivel de diferenciación evolutiva en 15% de la flora.

Arizona Office, BLM

The BLM Program in
Arizona for Threatened
and Endangered Plants
Arizona State Office,
Bureau of Land Management,
U.S. Department of the Interior
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The Federal effort to protect endangered species

was initiated by the passage of the Endangered
Species Preservation Act of 1966 and later by the
Endangered Species Conservation Act of 1969. Both
Acts lacked adquate provisions for the conservation
of endangered species and were enacted exclusively
for the protection of wildlife. The enactment of the
Endangered Species Act (ESA) of 1973 (P.L. 93 -205),

mandated all Federal agencies to "utilize their
authorities in furtherance of the purposes of the Act

by carrying out programs for the conservation of
threatened and endangered species." For the first
time species was defined as fish, wildlife or plants.
This is the strongest United States legislation yet
enacted to protect endangered or threatened plants.
In Section 12 of the Act, the Smithsonian Institution was "directed to review (1) species of plants

which are now or may become endangered or
threatened and (2) methods of adequately conserving
such species." The report (House Document 94 -51)

submitted to the Congress of the United States by
the Smithsonian in response to Section 12 became
the basis for the subsequent list of threatened and
endangered plants presented as a "Notice of Consideration" by the Fish & Wildlife Service (40 FR
27823- 27924). Of the approximately 3000 plant
species identified, there were 106 candidate threatened species and 64 candidate endangered species for

the State of Arizona. One year later (41 FR 2452324572) the FWS proposed a rulemaking that would
determine 1700 plants native to the United States
(64 in Arizona) to be endangered. These 64 proposed
endangered plant species and the previously listed
106 candidate threatened species are the plants Federal agencies consider in their efforts to comply with
the purposes of the ESA.

Shortly after these lists were issued, the Bureau
of Land Management (BLM) soon adopted the policy

of protection, conservation and management of
all sensitive, threatened or endangered plants and
vowed to ensure that all actions authorized, funded

or carried out by them would not jeopardize the
continued existence of these species.

Initial efforts in Arizona to comply with the intent and spirit of the ESA by the BLM involved the

compilation of existing data on the proposed endangered and candidate threatened species. Herbarium and literature searches conducted primarily
by contract to local universities determined which
species were possibly located on BLM administered
lands in Arizona and thus dependent upon the BLM
for protection. Intensive field searches and studies

of these T &E plants were limited during the first

few years, mainly due to the lack of funding
and manpower.
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In spite of the limitations on field work, BLM
Botanists, primarily Mr. Ralph Gierisch, the Regional Forest Service Botanist and local professionals began to accumulate the much - needed ecological
data on the T &E plants in Arizona. As funding and
manpower restrictions eased, botanists were added
to field office staffs; previously acquired data was

disseminated; and our efforts to obtain ecological
data necessary to manage the ecosystems occupied
by these unique plants increased.
Since these early efforts, thousands of acres have
been inventoried, hundreds of hours have been spent
in field searches, and hundreds of on -site inspections

of proposed BLM projects have been made in an
attempt to protect and conserve threatened and
endangered plants and their habitats.

Under the Federal Land Policy & Management
Act of 1976 (FLPMA), the Bureau was given the
charge to inventory all public lands and manage
those lands in a manner that will protect the quality
of scientific, scenic, ecological and environmental
values. During this past year ( 1979) a vegetative in-
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species. We have gained an understanding of the
geographical distribution and ecological requirements of many of these species which has assisted
us in determining the level of protection needed to
conserve them.

These efforts have resulted in the recommended
delisting of about 25 species originally reported on
BLM lands, and the recommended listing of another
25. Presently five species (all members of the Cac-

taceae) have been determined endangered by the
Secretary of the Interior (44 FR 61556 -6558, 6178461788, 61922 -61924 and 61927 -61929). Included in

this group are Pediocactus bradyi, P. sileri and P.
peeblesianus var. peeblesianus, all from northern

Arizona; Echinocactus horizonthalonius var.
nicholii from Pinal and Pima counties; and
Echinocereus triglochidiatus var. arizonicus from
Gila and Pinal counties. More field work is needed

before recommendations can be made on other
species or before conservation programs can be developed for those species that have been listed or are
prosposed for listing.

Aside from taxonomic problems and mis-

ventory with emphasis on threatened and endangered plants was conducted in the Phoenix
District of the BLM. The area inventoried ex-

identifications encountered during our studies, we

tended south and east from Kingman through the
Hualapai Mountains, the southern extension of the

specific geologic formation or soil type. However,
their existence is not threatened as defined in the

Aquarius Mountains, the Burro Creek drainage with

ESA. Some of these plants, primarily those susceptible to collection, are protected by the Arizona Native

adjacent mesas, and bordered on the south by the
Santa Maria River. Elevations were between 1100'
and 8300', with an equally wide representation of
vegetative types, ranging from Mohave and Sonoran
Desert scrub to mixed conifer and aspen. Over 900

taxa were documented during the study. Among
them were several range extensions, a number of
state records and a new variety of cactus.

Similar inventories have been conducted, or are
planned for other areas in Arizona administered by
the BLM. The information gleaned from inventories

have found that many species are restricted to a

Plant Law. The majority, however, are without
Federal recognition or protection. It is for this reason
that the BLM's policy has been expanded to include

the protection of sensitive plants to the end that
official listing as endangered or threatened is not
necessary.

In Arizona, we are currently considering over 50
species as sensitive and add to this number as the
information or recommendation is received. They
include such species as: Balzamoriza hookeri (its

of public lands, whether a vegetative, wildlife, archaeological, etc. inventory, is incorporated into the
Bureau's Planning System. First the results are presented to the public for their review and comment
via public meetings and workshops. It is then used
by district and area managers to identify uses of
public lands and then manage them on the basis of

southernmost extension is in northwestern

multiple use and sustained yield.
To date, the BLM in Arizona has not had the funds

Sophora arizonica and S. formosa (question as to the
taxonomic status, but potentially threatened). Many

nor manpower to conduct such inventories on all

of the unique cactus species in Arizona are also
among this group. We are currently monitoring

the lands it administers. However, through the original herbarium and literature searches, we are aware
of the possible localities of the T &E plants. Over the
last couple of years we have either by contract or our
own personnel's expertise conducted field searches
and studies throughout the State on some of these

Arizona); Townsendi smithii (a newly described
species); Phacelia constancei (a soil specific species,
but not threatened); Astragalus geyeri var. triguetrus
(reported only from northwestern Arizona, however,

to date, not located); Tumamoca macdougalii (an

uncommon gourd from southern Arizona); and

some of these species so that declines in populations
can be detected early and the proper actions taken.

We are trying to alleviate some of the pressure
of overcollection of native plants for commercial
purposes by making available to the public native

Figure 1. Probably the greatest efforts to protect rare
species are made by the species themselves. In the center
of this photo is a mature plant of Pediocactus
peeblesianus var. fickeiseniae. It is easily visible now,
because it is in flower. However, during the majority of the
year it, like other Pediocactus species, rarely protrudes
above ground level.

Figure 2. Pediocactus peeblesianus var. fickeiseniae, a
candidate threatened species. A few populations have
been depleted. Fortunately, the majority of its habitat
remains undisturbed by collectors and fanciers. We are
monitoring several of these populations to detect and
correct any degradation of habitat or species numbers.
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plants from areas where a proposed project would
destroy the vegetation.
We occasionally work with the Arizona Commission of Agriculture and Horticulture and then support them in their efforts to protect Arizona's native
flora. In spite of all our efforts, the illegal removal

and transportation of native plants for commercial
purposes continue to be major concerns. It is virtually impossible for the BLM, U.S. Forest Service or
any other agency to police lands they manage for the
illegal removal of native plants.

Summer 1980

the possibility of the micro -propagation of these rare
cacti. Several major hurdles are still before us. How-

ever, initial results are encouraging. We feel that
commercial availability of these species would remove much of the pressure on their natural populations.

The management of public lands for the protection and conservation of Sensitive, Threatened or
Endangered plants is dependent upon our understanding of their habitat and other ecological requirements. Yet, to gain such an understanding of

An equally serious problem is the impact of private collectors on the populations of the more rare
and unique cacti in the Southwest. An article pub-

the nearly 200 plants in Arizona originally suspected
to be endangered or threatened is an overwhelming

lished several years ago portrays the problem we are
faced with. We quote ... "During early September of
1966 sixteen people went out to search for Pediocactus papyracanthus. This is a species which for collection requires a considerable amount of patience

Arizona's native flora obviously requires the cooperation of all concerned groups and individuals.

task. It is for this reason that many of these plants
remain inadequately studied. Proper protection of

and endurance. The area being hunted had a large
population of these species eight or ten years ago. It
had not been hunted for about six years and suffi-

Literature Cited

cient time had elapsed to permit the plant to be reestablished under normal conditions. Even grazing had

Federal Register Vol. 41, No. 117, June 10, 1976. Pp.

Federal Register Vol. 40, No. 127, July 1, 1875. Pp. 2782327924

been removed from the area, but due to drought

24523 -24572
Federal Register Vol. 44, No. 209, October 25 and 26, 1979.

there were almost no plants to be found.... It is difficult to portray Hazel's excitement at finding three
specimens of Pediocactus papycanthus and it is also
difficult to portray the frustration of the 14 persons
who were empty handed that evening." (Castetter
and Pierce, 1967). Again, police action is not a solution. We have recently, under contract, investigated

Smithsonian Institution, 1975. Report on Endangered and
Threatened Plant Species of the United States. House
Document No. 94 -51, Serial No. 94 -A. U.S. Government Printing Office, Washington, D.C.
Castetter, E. F. and P. Pierce. 1967. Cacti of New Mexico.
Cactus and Succulent Journal 39(2): 60 -65.

Pp. 61556- 61558, 61784 -61788, 61922 -61924 and
61927 -61929

Rodiek

Hydrophytic Plants
in Arizona's
Palustrine Landscapes

Hydrophytic Plants

119

Hydrophytes existing within desert environments
or within states that have a high percentage of arid
and sub -arid habitats, have been relatively poorly

studied. The natural tendency for scientists interested in hydrophytes has been for them to seek
out and live in parts of the world where wetland or
aquatic conditions prevail. Nevertheless, although
hydrophytes of arid and sub -arid regions may not be

nearly as abundant as the xerophytes which typify

those regions, they may have an importance to

Jon Rodiek
School of Renewable Natural Resources
University of Arizona

desert wildlife, to indigenous man and to modern
culture that is more significant than their relative
abundance might indicate.

Rivers and streams with their associated palustrine vegetation are valuable components of deserts

even if they are somewhat intermittent and with
fluctuations of inundantions. The prehistoric but

relatively advanced Hohokam desert culture
flourished by exploiting central Arizona's palustrine

system. For more than 2,000 years man in the
Sonoran Desert has learned from, modified, and
mimicked by irrigation methods, the natural inundation cycles characteristic of palustrine situations.
The close juxtaposition of hydrophytic and xerophy-

tic vegetation in the Sonoran Desert of southern
Arizona is illustrated in Figure 1.

Arizona's wetlands, as well as those in all forty-

nine other states are of major interest to the
National Wetlands Inventory program of the U.S.
Department of the Interior. These landscapes are,
among other things, habitats for fish and wildlife. It

is through an analysis of this National Wetlands
Inventory that the U.S. Fish and Wildlife Service
will become better prepared to manage and protect
specific aspects of this national resource.
The National Wetlands Inventory team has generated as one of its references a National Hydrophytes

list. The plants found on this list represent those
species found commonly in association with wetland or aquatic conditions. The list is quite extensive and represents a national index. There are of
course regional differences and exceptions. In the
interest of contributing to an accurate list of Arizona's hydrophytes, exacting records were kept during
inventory field checks. Field checks were carried on

throughout the state over a twelve month period
(September 1978 to September 1979). During that
period all indicator plants found on both the National Hydrophytes list and identified in palustrine
systems in Arizona were recorded. Figure 2 illustrates a palustrine situation in Arizona.
There are several questions that come to mind
when considering hydrophytic plants within desert
environments. First, are hydrophytes truly a part of

the desert environment or are they by definition

Desert Plants 2(2)
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Figure 1. Example of the close juxtaposition of
hydrophytic and xerophytic vegetation in the Sonoran
Desert of southern Arizona.

separate entities? Hydrophytes are plants that grow
in and are adapted to aquatic or wetland environments. Wetlands exist in Arizona for many of the
same reasons they exist in Alaska or Florida. There
is an excess amount of water found within the sur-

face landscape. The difference between Arizona's
wetlands and Alaska's wetlands is perceived not so
much in their different points of origin as in the
resulting influences the climatic factors have on the
water body. An arid, semiarid or desert environment
is defined primarily by the rate of potential evaporation compared to annual rainfall. Water bodies found

Table 1. Hydrophytic trees.
Genus

Alnus
Betula
Cel tis

Fraxinus
Juglans

Platanus
Populus
Populus
Salix
Salix
Salix
Salix
Sambucus
Tamarix
Tamarix

Species

oblongifolia
occidentalis
laevigata
vel u tin a

major
wrightii
fremontii
angustifolia
gooddingii
laevigata
lasiandra
taxi folia

mexicana
aphylla
pentandra

Common Name

Arizona alder
Water birch
Sugar Hackberry
Velvet ash
Arizona walnut
Arizona sycamore
Fremont cottonwood
Narrowleaf cottonwood
Southwestern black willow
Red willow
Yellow willow tree
Yewleaf willow
Mexican elderberry
Athel tamarisk
Tamarisk

Table 2. Hydrophytic shrubs.
Genus

Allenrol fea

Baccharis
Baccharis
Baccharis
Cephalanthus
Cornus
Forestiera
Pluchea
Rosa
Salix
Salix
Sarcobatus
Vitis

Species

occidentalis
emoryi
glutinosa
sarothroides
occidentalis
stolonifera
neomexicana
sericea
f en dleri

exigua

irrorata
vermiculatus
arizonica

Common Name

Iodine bush, Jointfir
Emory baccharis
Seepwillow baccharis
Broom baccharis
Common buttonbush
Red -osier dogwood

New Mexican forestiera
Arrowweed
Fendler rose
Gray sand bar willow
Bluestem willow
Black greasewood
Canyon grape

Rodiek
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Figure 2. An example of a palustrine situation in Arizona.

on the surface landscape in a desert situation
quickly succumb to the prevailing forces of evapora-

tion, transpiration and low supply. Wetlands are
more the temporary or intermittent condition here

in the desert. Therefore, hydrophytes are not xeric
plants even though they may be found in the desert.
Furthermore, hydrophytes offer genuine evidence
that wetlands do survive and flourish under cyclic
patterns here in Arizona (Figure 3).
Hydrophytes represent a very small percentage of

Table 3. Hydrophytic forbs.
Genus

Alisma
Gen ta uri urn

Helian th us

Hippuris
Lemna
Mentha
Myriophyllum
Nymphaea
Pol ygon um

Potamogeton
Ranunculus
Ranunculus
Rorippa
Rumex
Sparganium
Suaeda
Utricularia
Xanthium
Zannichellia

Species

triviale
calycosum
annuus
vulgaris
triscula
arvensis
spicatum
odorata
pennsylvanicum
gramineus
aquatilus
hydrocharoides

aquatica
acetosella
emersum
nigrescens
vulgaris
strumarium
palustris

Common Name

Water plantain
Rosita, Centaurium
Sunflower
Marestail
Ivy duckweed
Field mint
Water- milfoil
Skunk cabbage, Waterlily
Smartweed
Pondweed
Buttercup
Buttercup
Watercress
Sheep sorrel
Bur reed
Seepweed
Common bladderwort
Abrojo, Cocklebur
Common poolmat

the total number of plant species found in Arizona.
However, they are highly valued as a source of both
food and shelter for a large variety of animal species.
Table 4. Hydrophytic grasses.
Genus

Agropyron
Arundo

Distichlis
Echinochloa
Glyceria
Phalaris
Phl eum

Phleum
Phragmites
Poa
Sorghum
Sporobolus

Species

smithii
donax
spicata

crusgalli
borealis
arundinacea
alpinum
pratense
communis
palustris
halepense
airoides

Common Name

Western wheatgrass
Giant reed
Salt grass
Barnyard grass
Northern mannagrass
Reed canary grass
Alpine timothy
Timothy
Reedgrass
Fowl bluegrass
Johnson grass
Alkali sacaton

Figure 3. Example of a drainageway with a markedly
cyclic pattern of inundation.

Many of our native mammals, birds and lesser forms

of wildlife as well as large numbers of migratory
waterfowl, shorebirds, and upland species depend on

these hydrophytes for food and cover during the
spring and fall migration.

Finally, it is important to think of hydrophytes as
indicators of environmental variation and uniqueness within our desert setting. Ultimately we must

see any environment in its total setting if we are
Table 5. Hydrophtic grass -like plants.
Genus

Carex
Carex
Carex
Cyperus
Eleocharis
Eleocharis
Eleocharis
Equisetum
juncus

juncus
Scirpus
Scirpus
Scirpus
Scirpus
Scirpus
Scirpus
Typha
Typha

Species

athrostachya
rostrata
stipata
erythrorhizos
bella
macrostachya
parvula
laevigaturn
mexicanus
saximontan us
acutus
americanus
californicus
olneyi

paludosus
validus
angusti folia

latifolia

Common Name

Sedge

Beaked sedge
Sedge

Flat sedge
Spikerush
Creeping spikerush
Spikerush

Horsetail
Mexican rush
Rush
Hard -stem bulrush
Swordgrass

Giant bulrush
Bulrush
Saltmarsh bulrush
Softstem bulrush
Narrow leaved cattail
Common cattail

ever to understand what it means. Plants and landscapes viewed as compositions of life forms help us
to conceptualize the natural world around us and to
understand what sensitive orientations, if any, we

may have towards it. An orchestration of many
natural and man -made processes is fundamental to

the development of any environmental composition. Wetlands and hydrophytes, in their varying
forms, help us see changes in one of the most influential processes of all -the extension of human
ecosystems into the natural ones. The future of our
hydrophytes, our wetlands, and our environments
here in the arid Southwest is linked to the managerial vision we develop as a culture. Here in the
desert any environmental disturbance is felt with a
greater degree of severity than in more flexible ecosystems. We face the future with both an enormous

burden and an even greater opportunity for wise
environmental planning.

The list of Arizona hydrophytes presented here
(Tables 1 -5) represents those plant species found in

the most common system -the Palustrine System.
It is not intended to be a complete list but rather one
which accurately represents some of the indicator
plants used to classify our state's wetlands and aquatic habitats.

Day, et al.
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Abstract
Experiments were conducted on the Black Mesa Coal
Mine near Kayenta, Arizona over a 2 -year period (1977 and

1978) to study the germination (emergence), seedling establishment, and ground cover from wheat (Triticum aestivum L.) in undisturbed soil and coal mine soil (spoils).

Growth of wheat was evaluated for two fertilizer treatments applied at the rates of 0 kg/ha and 560 kg/ha of
ammonium phosphate and two soil moisture treatments

(optimum and insufficient). The coal mine soil was
leveled to conform to the surrounding rolling topography.
In April of each year wheat was broadcast planted due to
the rough terrain, fertilized at planting time, and irrigated

as needed (using wheat plants as indicators of moisture stress). Seeds germinated per unit area, seedlings established per unit area, and percent ground cover were
recorded. These three parameters were higher in undis-

turbed soil than in coal mine soil, when fertilized than
when not fertilized, and when optimum soil moisture was
provided than when seeds were stressed for moisture. At
the end of the growing season, the wheat straw was incorporated into the soil surface and was used as a mulching
material. In coal mine wastes in a semiarid environment,

the area must be fertilized and provided with optimum
soil moisture to produce the maximum growth of wheat
for immediate ground cover and soil mulch. Additional
Index Words: Mine Spoils, Revegetation, Stabilization,
Disturbed Land, Environmental Pollution.

Introduction
The removal of earth, rock, and overburden materials in the recovery of underground minerals disturbs many hectares annually. Reclamation research
has shown that it is possible to grow different introduced plant species on mine wastes. Mines located
in semiarid and arid environments are particularly
difficult to revegetate due to limited soil moisture.

Revegetation with perennial plant species has
been most successful when organic matter was incorporated into the soil surface. Straw from cereal
grains can be incorporated into the soil surface to

create a more desirable soil medium into which
adapted, perennial plant species can be established.

The objectives of this experiment were to study
germination (emergence), seedling establishment,
and ground cover from wheat (Triticum aestivum L.)

grown for soil mulch on undistrubed soil and coal
mine soil (spoils) in a semiarid environment.
'Contribution from the Arizona Agricultural Experiment
Station, College of Agriculture, University of Arizona,
Tucson, Arizona 85721. Approved for publication as
Arizona Agricultural Experiment Station Contribution
No. 3002. Received December 14, 1979. The authors
gratefully acknowledge the assistance of G. L. Dixon and
M. A. Norem with portions of the research involving this
contribution.

Literature Review
Mine wastes occupy large areas of land that may

be useful to man once they have been stabilized
(Day et al., 1976). The establishment of vegetation

on newly -graded mine waste slopes is the most
economical method of controlling erosion and
providing stabilization (Day and Ludeke, 1978). Re-
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Table 1. Values for pH, ECe + 103, ESP, total soluble salts, nitrogen (N), phosphorus (P), potassium (K), sodium (Na), and
organic matter (OM) in unmined soil and coal mine soil from the Black Mesa Coal Mine, Kayenta, Arizona for the field
study initiated in 1977.
Soil material

pH

ECe x 10'

ESP

Total soluble
salts (ppm)

N (ppm)

6.0
1190
7.4
2
0
4270
78.0
1
6
6.6
Note: N, K, and Na were obtained by water soluble extraction and P was obtained by CO2 extraction.

Unmined soil
Coal mine soil

P (ppm)

K (ppm)

Na(ppm)

OM(%)

2.3
0.5

18

46
208

3.4

38

1.2

burden support vegetation as well as existing

tilizer and two soil- moisture treatments on the
Black Mesa Coal Mine, Kayenta, Arizona over a

undisturbed soil materials (Payne, 1978).

2 -year period (1977 and 1978).

Plass (1978) found that annuals can be used as a
temporary cover to protect a site until perennials are
established. Jones et al. (1975) utilized a two -step
system for revegetation of surface mine spoils in

tures reach extremes of from -20 C to 35 C. The

vegetation studies indicated that some types of over-

which a fast -growing initial ground cover was
planted to minimize erosion and then that cover was
chemically killed for use as an on -site mulch. Broadcast seeding produced a more desirable surface for
retaining precipitation, controlling water pollution,
and establishing a more uniform plant distribution
(Day and Ludeke, 1973). Species that spread vege-

tatively were most efficient for soil stabilization
(Argall, 1975). Power et al. (1978) found that intro-

duced species were easier to establish and were
more tolerant to adverse environmental conditions
but they required more soil preparation for effective establishment.
Soils should be conditioned with organic matter
to improve soil structure and increase resistance to
surface crusting (Luellen, 1977). Bennett (1977)
stated that forages provided an economical, quick
ground cover and aided in the restoration of spoils
material to a productive soil. Ludeke et al. (1974)
found that it was necessary to incorporate straw or
other forms of organic material into the surface of
copper tailings slopes to obtain satisfactory plant
growth. Day et al. ( 1976) suggested that forage for

livestock grazing may be produced by growing
spring barley (Hordeum vulgare L.) on copper mining wastes in Arizona.
Day et al. (1979) stated that when adapted plant
species were grown under optimum conditions, coal
mine soil produced the same vegetation yields from
alfalfa (Medicago sativa L.), barley, and wheat as
Gila loam soil. Supplemental irrigation was needed
on areas receiving less than 20 cm of precipitation

The Black Mesa is located in northeastern Arizona
at an elevation of about 2,132 m (7,000 ft.). Tempera-

annual precipitation is about 25 cm (10 inches) and

approximately one -half falls during the winter
months as snow. Snowmelt occurs in late- winter
and produces some runoff on unmined areas but
very little runoff on mined areas. Most of the rainfall

occurs as convection storms of short duration and
high intensity during mid- and late - summer. These
storms are spotty and occasionally result in flash
floods. Dry, windy weather usually prevails from

April through July and results in frequent dust
storms on mined areas. The dominant vegetation on

the Black Mesa is a combination of pinyon pine
(Pinus edulis Engelm.) and juniper (Juniperus
monosperma ( Engelm.) Sarg.). The coal mine soil
consists of a porous soil material that remains following strip -mining coal. The soil material occurs
from a few meters to several meters in depth, in a
rolling topography. The texture resembles that of a
clay loam soil, however, it has very little structure.

Most of the surface area may be cultivated and
seeded to plant species with modified commercial
agricultural equipment. The undisturbed soil on the
Black Mesa has been classified as a miscellaneous
land type with a variety of soil textures.

The undisturbed soil has a rolling topography
with various slopes. In 1977, the coal mine soil was
leveled with a bulldozer to conform to the surrounding topography. Seed beds were prepared by disking
both undisturbed soil and coal mine soil with a dou-

ble disk harrow. Fifty soil samples were taken at
random from the surface 15 cm of each soil material.
The samples were composited and analyzed for pH,
ECe x 103, exchangeable sodium percentage (ESP),

annually (Aldon, 1978).

total soluble salts, nitrogen (N), phosphorus (P),
potassium (K), sodium (Na), and organic matter

Materials and Methods

(OM) (Table 1).

Germination (emergence), seedling establishment, and ground cover from Super X spring wheat

were studied in experiments conducted on undisturbed soil and coal mine soil (spoils) with two fer-

The experimental design was a split -split plot
with soil materials as main plots, fertilizer treatments as sub plots, and soil -moisture treatments as
sub -sub plots with four replications. The sub -sub

Day, et al.
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Table 2. Germination, seedling establishment, and ground cover from Super X Wheat grown on undisturbed soil and coal
mine soil, with fertilizer and without fertilizer, and with optimum soil- moisture and with insufficient soil- moisture on the
Black Mesa Coal Mine, Kayenta, Arizona in 1977 and 1978 (2 -year average).
Soil material

Undisturbed soil

Fertilizer treatment

Fertilized

Not fertilized
Coal mine soil

Fertilized

Not fertilized
C.V. %)
Significance of differences:

Soil- moisture treatment

Seeds germinated in I m'

Seedlings established in I m'

(no.)

Optimum
Insufficient
Optimum
Insufficient
Optimum
Insufficient
Optimum
Insufficient

115 at
48 e
95 b

39f
81 c
30 g
64 d

17h
3

(no.)
58 a

Gtound cover
)

29 c

96 a
19 e
79 c

32 b

10 g
86 b

12d

6e
5e

17f

13d

67 d

2f

6

7h
1

Between soil materials
Between fertilizer treatments
Between soil- moisture treatments
Significant at 1% level.
t Means followed by the same letter, between soil materials, between fertilizer treatments, and between soil- moisture treatments are not different at
the 5% level of significance, using the Student -Newman -Keuls' Test.

plot size was 48 m2 (8 m X 6 m). Fertilizer treatments were applied at planting time at rates of 0 and
560 kg/ha of ammonium phosphate using a conventional fertilizer spreader. The fertilizer application

rate was determined from soil analyses which
showed that unmined soil was low in nitrogen and
both soil materials were low in phosphorus (Table 1).
In April of each year, wheat was broadcast planted at
the rate of 225 kg/ha with a cyclone seeder and covered with a spike -tooth harrow. Broadcasting was

used in seeding operations because other conventional methods could not be employed due to the
rough terrain.
Immediately after planting 2.5 cm of water for the

insufficient and 5 cm of water for the optimum
moisture treatments were applied using a sprinkler
irrigation system with sprinkler heads spaced 9.14 m
apart (in both directions).
The soil- moisture treatments consisted of (1) in-

sufficient soil -moisture (20 cm of natural rainfall
plus 30 cm of supplemental irrigation) and (2) optimum soil- moisture (20 cm of natural rainfall plus

60 cm of supplemental irrigation). The opti-

mum moisture treatment was the total amount of
water required to grow wheat to maturity without
visual signs of moisture stress. There were no data
available for water consumptive use and irrigation
scheduling for wheat on the Black Mesa. Therefore,
supplemental irrigation water was applied as needed

throughout the growing season using the wheat
plants in the insufficient moisture treatment as
indicators of moisture requirement. When plants in
the insufficient moisture treatments showed signs
of wilting, they received 2.5 cm of irrigation water

and plants in the optimum moisture treatment
received 5 cm of irrigation. During the wheat

growing season the evapotranspiration demand,
especially from April to July, was at its maximum
due to high temperature and high wind velocity.
During this period, wheat required irrigation at
weekly intervals.

The source of the irrigation water was runoff
water from rains and snowmelt collected in a manmade reservoir. Thus, the irrigation water was superior in quality to well water, which contained high
concentrations of soluble salts.
The following data were recorded for each plot
each year: (1) seeds germinated (emerged) per unit
area, (2) seedlings survived (4 -weeks after planting)
per unit area, (3) percent ground cover (percent of the

total area covered by vegetation) at the end of the
growing season. The standard analysis of variance
was used to analyze all data. Means were compared
using the Student -Newman -Keuls' test as described
by Steel and Torrie (1960).

Results and Discussion

The average number of wheat seeds germinated
per unit area differed between soil materials, be-

tween fertilizer treatments, and between soil moisture treatments (Table 2). Averáge germination

was higher in undisturbed soil than in coal mine
soil, when fertilized than when not fertilized, and
when optimum soil moisture was provided than
when seeds received insufficient moisture for normal growth (Table 2).

Seedling establishment was higher in undisturbed

soil than in coal mine soil, when fertilized than
when not fertilized, and under optimum soil moisture conditions than when seedlings were
stressed for moisture (Table 2).
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Average percent groúnd cover was higher in undis-

turbed soil than in coal mine soil, when fertilized
than when not fertilized, and when optimum soil moisture was provided than when vegetation was
stressed for moisture (Table 2). Other wheat cultivars might respond differently than did Super X
when grown in unmined soil and coal mine soil.
A high germination percentage usually results in a

high seedling establishment. High seedling establishment is important because many separate roots
develop and form a more compact root community
below the soil surface. This root community stabilizes the soil surface more effectively and makes it
more resistant to the harmful effects of erosion and
trampling by wildlife than a sparse root system.
High seedling establishment creates a favorable
habitat and food supply for wildlife and produce
a more pleasing appearance for a disturbed area than

does a low seedling establishment. The soil surface is protected against wind and water erosion
by a high amount of ground cover. A high percent
ground cover also improves the general appearance
of disturbed areas.

Incorporation of organic matter from previously
grown plant material into the soil surface aids in the
revegetation of mine soils. Soil aeration and water holding capacity are improved by the use of organic
matter and an environment more suitable for germination and seedling establishment is created.
A more uniform application of mulching material
can be obtained by growing wheat in mine wastes
than by direct application of straw to mined areas.

It is difficult to haul in straw and incorporate it
into disturbed areas involving slopes because the
straw tends to slide to the base of the slope. Once
maximum vegetative growth is achieved, the wheat
straw can be incorporated into the soil surface to
create a more desirable soil medium into which
adapted, perennial plant species may be established
for the most effective disturbed land reclamation in
semiarid environments. After two years of planting
wheat and incorporating the residue into the soil
surface, the authors observed great improvement in
the structure of coal mine soil. Delaying the planting of perennial species for two years following
coal mining permits the improvement of coal mine
soil by physical and chemical forms of weathering.

Summer 1980

Time is also important in the development of soil
microorganisms and in the mass stability of the
spoil material.
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New Ground

Working with drought tolerant plants from dry
places around the world and evaluating them for

Cover Releases

landscape use has resulted in much exposure to desert plants and to harsh desert conditions over the
years. This exploring, collecting, propagating and

Warren D. Jones
Department of Plant Sciences,
and School of Renewable Natural Resources,
University of Arizona

testing has been accomplished under aegis of a
Hatch Act funded project "The Introduction and
Breeding of Desert Plants for Landscape Use." The
central point for this living collection is at the University of Arizona Campbell Avenue Farm. Many
plants being tested are also being grown on the University of Arizona campus itself. A second collection
has been established at the Central Arizona College

Campus near Casa Grande by Professor William
Kinnison of that institution.
Evaluation of plants for landscape use presents a

different approach than that used for plants being
tested as field crops. Evaluation under field conditions of a farm are not realistic or conclusive for
landscape plants. Performance under urban conditions is the real bottom line as to the real value of an
introduction. Thus, being able to test plants on the
University campus has been invaluable. The release
to interested nurserymen is also a way to expand the
knowledge of a plant's value and capabilities under a

variety of conditions. Public response to it in the
retail nursery and its holding qualities under those
conditions are an integral part of the story.
With several offices of the Cooperative Extension
Service assisting, two promising ground covers for

southern Arizona have been recently released to
nurserymen. These plants have subsequently been
propagated by various commercial nurseries and are
now available to the public at those nurseries. The
two ground covers come from two different deserts.
Trailing Indigo Bush
Dalea greggii, Trailing Indigo Bush, was collected
near Saltillo, State of Coahuila, Mexico. This is not

to be confused with Dalea pulchra, native to
Arizona, which once was incorrectly referred to as
Dalea greggii. The true D. greggii is a far superior
ground cover plant with its fine grey -green foliage
covering a dense spreading mound. On the University of Arizona campus, a single one -gallon size
plant developed into a four -foot diameter mound in
the space of a year and a half. The tiny blue - lavender

flowers are interesting at close range, but the outstanding color note comes from the warm pearly grey foliage itself.

Growth is rapid if plants are watered at weekly
intervals after being transplanted. Irrigations can be
spaced further apart once the planting matures. In
its native habitat, where there is open space between
individual plants, Trailing Indigo Bush endures prolonged periods of drought. However, supplemental
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Figure 1. Trailing Indigo Bush.

watering is necessary to maintain a good solid
ground cover, especially during the hottest and
driest periods of the year.

Plants on the University campus exhibited complete hardiness to the sixteen degree freeze of December 9, 1978. In fact, they didn't even stop growing. The plants were in a vigorous state of growth
when the historic freeze hit and that may have been
the cause for the setback of two other test plantings
in cold air drainage locations. On these two sites
established plants recovered within a short time, but
the new plantings did not. The lesson learned here is
that watering and other growth- forcing activities
should be reduced in fall. This is especially impor-

tant with new plantings so they can harden off.
There should be no hardiness problem under normal
winter conditions since the Saltillo region where the
plants were collected is around 5,000 feet in elevation and experiences some very cold winters.

Jones

Figure 2. Baja Primrose.

Trailing Indigo Bush propagates easily from soft-

wood cuttings. Rooted cuttings make vigorous
growth and can be planted directly into one -gallon
size containers from the propagation bed. They can
also be grown in pony packs, but the rapid growth

requires some nipping back. With weekly irrigations, a one -gallon size plant will form a three foot

diameter mat in the first growing season. Liners

grow about half as large under the same circumstances.
Dalea greggii, from our observations, is not particular about soil and does not need to be fertilized
in an average situation. No insect or disease problems have been observed to date. Perhaps the most
encouraging fact is that on one rabbit -infested site,

this plant was not even nibbled while another
Dalea being tested nearby was virtually
eaten to the ground. Trailing Indigo Bush is illus-

species of

trated in Figure 1.
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Baja Primrose
From south -central Baja California comes another

interesting ground cover possibility: Oenothera
drummondii var. thalassaphila, the Baja Primrose.
This plant is a relative of the Mexican Primrose, an
herbaceous perennial sometimes used as a ground
cover. When evaluated under controlled growing
conditions, the Baja Primrose proved to have a vigorous spreading habit and quickly formed a thick
leafy mat over the soil. This was a complete surprise

since in the wild the Baja Primrose appeared to be
simply an attractive desert perennial. For that reason, we test -planted it in a rock mulch area with
some other desert perennials being evaluated for
their ornamental qualities. Our interest quickened

almost immediately as the plant became a fast spreading ground cover with average soil and once a
week irrigation. It completely crowded out the other

perennials and covered the rock mulch. A single
plant first forms a tufted clump of narrow, pointed
medium green leaves. Once established, a runner
phase develops and the plant spreads rapidly in all
directions. The runners also root from the nodes
when they are spreading over moist soil suggesting
special soil binding qualities.
The Baja Primrose has 21/2 -inch single flowers of
soft yellow, borne on erect stems six to eight inches

above the foliage. It blooms heaviest in spring and
intermittently during the summer. Flowers open in
early evening, generally closing by noon, especially
when the weather is hot and dry. Old bloom or seed
heads do not show up or make the plant look untidy.
Baja Primrose roots very easily from cuttings, in
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fact so easily that we have never tried to collect or
grow the plant from seed. New plantings become
established during the clump phase of growth the
first growing season. The rapid lateral spreading
seems to take place in the second year.
So far no disease problem has appeared. There has

been some evidence of chewing insects feeding on
the foliage in spring. The cause of the damage was
never identified but grasshoppers are a likely suspect. The injury hardly seemed a problem since vigorous regrowth quickly covered the evidence.
The record cold of December, 1978 seemed to have
no effect on this Baja California native. It was growing in an open exposed position on the University of
Arizona campus where some other test plant species
were severely damaged. In cold weather it develops
some reddish leaves which are not unattractive. In-

termittent drought stress seems to have the same
effect. Prolonged drought causes the plant to re-

trench into dormancy. It quickly resumes lush
growth when soil moisture is once again available.
Oenothera drummondii var. thalassaphila rapidly
develops a thick vegetative cover far superior to its
relative Oenothera speciosa var. childsii, the Mexican Primrose. While the pink flowers of the Mexican
Primrose are a bit more showy at peak bloom, it does
have a very poor appearance in its off -season. The
Baja Primrose doesn't seem to have an off - season as

long as it isn't put through too long a period of
drought stress. Water supplied at seven to ten day
intervals seems to keep a mature planting looking

lush and vibrant. Baja Primrose is illustrated in
Figure 2.
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People inhabiting semiarid environments before
the advent of modern irrigation practices adapted in

many ways to survive within desert ecosystems
granting them but meager precipitation (Bowden,
1977). Dark thunderheads rising above the mountains brought flowing water to the desert which
nourished them. It meant life. Yet to modern desert
dwellers, these fleeting moments of rain often seem

more like a nuisance than a blessing. Driving be-

Richard C. Pratt

Department of Horticulture
Purdue University

comes hazardous and legions of weeds burst forth for
combat. Small areas around the home may flood and

adobe foundations deteriorate more rapidly in the
presence of this excess moisture. If only we could
direct a portion of the vast amount of hydroenergy
received during thundershowers to better serve our
purposes, we would become constructive panicipants, rather than mere spectators in these events.
Water harvesting, a form of irrigation utilizing
natural precipitation as practiced by ancient agriculturalists, provides means whereby we may harness
the power of seasonal rains and put them to work in
our gardens and landscapes. In water harvesting, our
objective is to concentrate the rain striking a larger
surface area onto a smaller plant growing area. This
same rainfall, striking a wide area would be insuffi-

cient to sustain many desirable plants, but when
it is "multiplied" in this manner it allows these
same plants to flourish. Water harvesting systems
can even generate more water than the plants can
immediately utilize, thus providing reserves which
can be stored for future use. However, since it is
dependent upon variable rainfall, water harvesting
systems cannot provide a continual, completely dependable source of irrigation water.

Native inhabitants of the Southwest practiced
water harvesting over 1000 years ago. Their flash flood farming systems whereby arroyo runoff was
diverted by varous means to nearby fields, produced
crops such as tepary beans, blue maize, pima squash
and devil's claw which are well adapted to desert
conditions (Nabhan and Felger, 1977). These water
harvesting methods are still employed for food production to a limited extent today.
Many water harvesting systems were also constructed over extensive areas in the Negev Desert of

Southern Israel. Hillsides were cleared of loose
stones and gravel to increase surface runoff which
then flooded terraced valley fields below. Large cist-

erns (storage reservoirs) enabled life to continue
through long dry periods (Evenari et al., 1971).

By rediscovering the techniques of ancient and
traditional water harvesters and combining them
with new skills and modern materials, we can create
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systems to growing plants or to storage facilities.
If a catchment does not induce runoff well, or is
too small, insufficient water will reach the plants.
Catchments which induce too much runoff for the
cultivated area may cause overflow or permit erosion to occur. Since large volumes of water are deliv-

ered quickly, soil in the cropped area must be of
suitable texture and organic matter content to allow
storm runoff to infiltrate and percolate readily. Such
soil conditions will also encourage deep, penetrating
root systems to form so that the plants will be better
able to withstand drought episodes.
Roofs of most houses provide a unique, efficient

catchment area that can be readily put to use by
installing guttering on those portions of the roof
where the dripline is most troublesome. We have all
seen water gushing from downspouts, often without
a plant in sight to utilize this water. By directing the
flow of the downspout to storage containers, its flow
can be arrested and then distributed where it will be

converted into useful vegetation. Matching the
catchment to the rest of the system is important so
that overflow will not occur frequently. As a rule of
thumb approximately fifty gallons of storage capac-

ity will be required for each ten feet of gutter in
regions with ten inches of annual precipitation. The

storage components usually require the greatest
monetary investment so their construction should
be considered carefully. It is also important that
they be placed in an area where they will not be visually distracting.
Recycled fifty -five gallon drums and whisky barrels (available at salvage yards and hardware stores
Figure 1. Storage components of a small home water
harvesting system. Water can be drawn into watering cans
or can be distributed through the irrigation system by
gravity flow. Note that the barrels are closed so that
mosquitos and debris can not enter.

highly efficient, inexpensive harvesting systems
that provide our gardens with pure, salt -free rainwater, which has been delivered free of charge. Directing this water to specially selected plants will enable

us to produce food and beautify our environment

without unnecessarily tapping our diminishing
groundwater resources.
Components of water harvesting systems include

the catchment or collector area, distribution and
storage, the cropped area, cultivated plants and
hopefully sufficient rainfall. Catchments intercept
rainfall and must encourage runoff rather than infiltration. Runoff then flows through distribution

respectively) make excellent storage containers.
They can be interconnected to further increase a
system's storage capacity. Elevating the storage
units so that the head of the water is at least six feet
high generates enough pressure to effectively irrigate through a one -half inch polyethylene line. Just
how to attach the poly lines can be approached in
various ways. Perhaps the easiest is to find an experienced plumbing or irrigation salesperson and use
barrels with prethreaded orifices. Spitter type emitters are preferable to drip emitters because pressure
regulation and filtration are not essential to proper
operation. If elevation of the storage units is impractical then small in -line pumps will work for smaller
systems. On larger, more extensive designs (over
approximately 150 gallons storage capacity) submersible pumps allow the use of virtually any container or even underground, cement lined cisterns
for water storage.

Another method of utilizing the dripline, but
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without guttering or storage facilities, is through the

use of a microcatchment running parallel to the
roof's dripline. It is really just an extension of the
larger roof catchment. With a slope of from two to
four percent and a breadth of from six to twenty feet,
it will move water away from the house and spread
it evenly over a growing area directly adjoining it. If
the slope of the catchment is too steep, water will
flow too rapidly, harming small annual plants and
causing erosion. If it is too shallow, runoff will be
induced only during heavy thundershowers.
Many soil surface treatments have been employed
to increase the runoff potential of soils. Most are
still experimental and are not suitable for our purposes, although a few treatments will work very
well. Microcatchments can be constructed by compacting the soil if it has a clay content of from five
to thirty -five percent. The soil must be cleared,
smoothed, and then graded to a slight incline. Watering, followed by compacting with a roller, destroys

Figure 2. Water flows through one -half inch polyethylene
line to plantings located on the west and south sides of
the house.

soil structure and tends to induce runoff rather
than infiltration.
Soils with an excessive amount of clay are too
easily eroded, whereas sandy soils can not be sufficiently compacted. Under these conditions artificial
materials can be used to cover the soil and generate
even higher levels of runoff than could be expected
from a compacted earth microcatchment. Six mil
black plastic covered with 3/16 to 1/2 inch gravel
works well and blends in nicely with many landscape designs. The plastic induces runoff while the
gravel protects it from ultra - violet rays. The life of

such a catchment is highly variable, but when
placed in an area free of traffic it may function for
many years (Cluff, 1967).

The importance of selecting the proper plants to
match the environment they will occupy in a water

harvesting system can not be over emphasized.
Plants which utilize each flooding to the fullest and
possess some inherent means of drought tolerance

are most desirable. Many such plants also have
aesthetic or productive characters but no one plant
is perfect. The suitability of each plant must be considered not only by its adaptability, but also in terms
of what it can provide us in sustenance, beauty, and
shade. Even with a well designed harvesting system,
to achieve these attributes to their fullest, supplemental irrigation from conventional sources may be
necessary during prolonged drought periods.
Many perennials lend themselves well to planting
on the South or West exposures of patios or houses.

Figs, apricots, plums, grapes (will require support)
and peaches (excellent drainage vital), provide cool-

Figure 3. Grapevines in their first year make excellent
growth when irrigated with rainwater. These vines receive
water from the storage containers in Figures 1 and 2, or
from the microcatchment directly adjacent to them. In
this photograph a compacted earth microcatchment was
under construction when a monsoon storm arrived. Note
the water within the cropped area contained by the
retaining bank.

ing shade in the summer, yet as cold weather approaches they shed their leaves allowing the sun's
warming rays to pass.

c vLTIVATED
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Figure 4. A microcatchment running parallel to the roof's
dripline.

Many native and nonnative omamentals usually
considered to be non -thirsty, will benefit greatly
from additional water. They offer beauty and cli-

mate control without the reward or additional
responsibilities of food producing plants. A few
suggestions would include pomegranate, olive,
mesquite, acacia, jojoba, dodonea, and Arizona
rosewood.

Certain "vegetables" are proven performers how-

ever the risk factor increases with them due to
germinability problems and their reduced ability
to endure drought between rains. Ones to try would

be melons, squash, asparagus, tepary beans and
sunflowers.
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Although many readers of "Desert Plants" are
well acquainted with the Boyce Thompson Southwestern Arboretum, perhaps the greater number are
not. A very abbreviated history of the Arboretum
was presented in the first issue. Some further insight
into the Arboretum's activities and character can be
gleaned from the account of special events presented

in the second issue. A number of "Desert Plants"
subscription applications are accompanied by requests for more detailed information on activities
and services provided by the Arboretum today.
These requests prompt me to devote most of this
issue's contribution to an edited version of the "Information Release" that we furnish upon request.
The Arboretum is located in the Arizona Upland

Division of the Sonoran Desert, 60 miles east of
Phoenix, 100 miles north of Tucson and 25 miles
`southwest of Globe. The entrance is on U.S. Highway 60, 3 miles west of Superior and 12 miles east
of Florence Junction. All highways leading to the
Arboretum provide the traveler with close -up views
of the unique and beautiful Sonoran desert flora as
well as the beauty of the desert mountains and the
associated bajadas. Take U.S. Highway 60 all the
way from Phoenix or Globe. From Tucson, drive
north on U.S. 80 -89 (Oracle Rd. and Pinal Pioneer
Parkway) to Florence Junction and east on U.S. 60.
An equally attractive, alternate route from Tucson is
via U.S. 80 -89 to Oracle Junction, State Route 77 to
Winkleman, State Route 177 to Superior, and west
on U.S. 60.

About one -quarter of a mile into the botanic gardens are three parking lots, each, only a short walk
away from the visitor center, rest rooms and a picnic
ground provided for the comfort and enjoyment of
the visitors.
The botanical gardens are the focal point of the
Arboretum program and its chief attraction. They
are a living museum of desert plants native to the
immediate area and to the other American deserts

and of plants from desert lands throughout the
world. The Arboretum has an outstanding collection
of cacti and the other succulents and a notable collection of eucaluptus trees.

The Gardens are viewed from a network of Arboretum trails formed by the one and one quarter
mile long Main Loop Trail and its many laterals
(Figure 1). In addition, the High Trail originates at
the picnic grounds and joins the Main Loop Trail
about one half mile up Queen Creek Canyon. The
High Trail leads the visitor through some unique
native stands of plants and provides fine overlooks
of the gardens below. It crosses Queen Creek on
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"stepping stones" which along with its narrow
winding course high above the creek bed requires

the hiker to be more agile than any of the other
Arboretum trails.

Most visitors take self conducted tours of the
Arboretum aided by one of our two guide books.

One is keyed to specific numbered sites along
the trail through the cactus garden from the Visitor
Center to Ayer Lake (Figure 1). The other presents

broader concepts related to various areas and
groups of plants.

Organized groups and classes with defined interests may request special educational lectures and
tours. All such services are on an appointment only
basis and are usually booked weeks or months in
advance. Appointments may be made by contacting
the person below.
Dr. Carol D. Crosswhite
P.O. Box AB

Superior, Arizona 85273
Telephone: 689 -2832

Organized groups and classes are asked not to come
without an appointment, since the facilities (including restrooms, parking lots, trails, etc.) can accommodate only the number of groups and classes that
are ordinarily scheduled. Adult supervisors and an

orientation session are required of classes below
college or university level.

The picnic ground is shaded by large sycamore,

tamarisk and eucalyptus trees. The William T.
Smith Building (main administration building)
houses the Visitor Center and public restrooms. The
Visitor Center features exhibits of Arboretum plant
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In addition to its public service efforts which do
demand the great majority of staff time and operating funds, the Arboretum does maintain a scientific
program. This includes both teaching and research.
Special study of the plants, animals or desert environment at the Arboretum can be made through advance appointment. Scientists and college students

training to become scientists are housed on the
grounds in guest houses accommodating 25 persons. A laboratory with basic research equipment,
glassware and supplies is available for most field oriented studies. Scientific collections of pinned
insects, fluid -preserved and stuffed animals and herbarium specimens are available for study. A library,

photographic darkroom, support greenhouses and
growing beds are available for a variety of research
uses. A large natural area on the slope of Picket Post

Mountain is reserved for scientific study. On site

research by the staff or with staff members as
cooperators includes a search for natural plant
growth regulators inherent in desert plants; trials of
desert plants as ground covers; propagation of endangered desert plant species, and the establishment
of a research plant collection of desert legumes.

The Arboretum administers land totaling 1075
acres. Of this, a 725 -acre tract (the north slope of
Picket Post Mountain) belongs to the Federal Government. It has been used by the Arboretum as a
restricted- access study area and nature preserve
under a Special Use Permit from the Forest Service
since it was fenced in 1929. Deeded land owned by
the Boyce Thompson Southwestern Arboretum, Inc.
totals 350 acres along Queen Creek. This land in-

and animal life, Arizona Indian culture and the
Magma Railroad (built in 1914 -15 to supply the

cludes the 35 -acre tract of botanical gardens open to

Magma Mine and Smelter and to carry the copper to
market). These exhibits are mingled with books, live
plants, mineral specimens and other display quality
items that may be purchased by the visitor.

Highway 60 and east of Picket Post House is owned
by the University of Arizona.

At present the Arboretum is closed only on the

William T. Smith Building.
The High Trail is a foot path that was constructed

national holidays of New Year's Day, Independence
Day, Labor Day, Veterans Day, Thanksgiving Day
and Christmas Day. On all other days of the year the
public is encouraged to visit the Arboretum at any
time between the hours of 8:00 a.m. and 4:30 p.m. It
is anticipated that as the Arboretum becomes more
fully integrated into the Arizona State Park System,
these hours and holidays will change. Those changes
will extend the public visiting hours.
There is an admission charge of 500 for each adult,
with children under 17 admitted free when they are
under adult supervision.

the public. A final tract of 20 acres south of U.S.

Two references in the above information that
deserve further mention are the High Trail and the

in the early history of the gardens along the south
side of Queen Creek away from most of the cultivated areas. Because much of it was carved out of the

steep side of the canyon wall, it was subject to severe erosion from the run off of heavy rain showers.
The trail was closed several years ago when it became too hazardous from lack of maintenance. The

renovation of the trail and its continued maintenance was chosen as a project for the Arizona State
Park sponsored Young Adult Conservation Corps
work crew. The project was completed with the in-
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Figure 1. Map showing trails and general features of the
Boyce Thompson Southwestern Arboretum.

stallation of concrete "stepping stones" to bridge

Queen Creek at both terminals. The trail was
opened to the public February 1.

Mr. William T. Smith is a past treasurer of
Newmont Mining Company who has also been
Chairman of the Boyce Thompson Southwestern
Arboretum Board for more years than the eleven I
have spent at the Arboretum. Mr. Smith is also the
current Chairman of the Arboretum Advisory Committee. In recognition of his many years of service to

the Arboretum and the contributions made through

his "unflagging enthusiasm" and "dogged deter-

mination" during those years, the Arboretum
Board has named the main administration building
the William T. Smith Building. A plaque so designating has been cast and will be hung in the main
hallway of the building. You will read more about

Mr. Smith in an upcoming article introducing,
individually, all the members of the Arboretum
Advisory Committee.

We sincerely appreciate our readers
informing their friends and associates
of the availability of subscriptions to

Desert Plants.
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