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PREFACE
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Nearly ten years have passed since the first edition of Mojave Desert Wildflowers, bringing about many plant name changes, which are reflected in this new edition. Most of the name changes are due to the work of the Angiosperm Phylogeny Group, a consortium of professional botanists who determine how flowering plant groups are related, using data from DNA sequencing along with complex mathematical techniques and high-power computing. Species and families are now being organized into “clades” based on their common ancestry and actual relationships to one another, not just by their similarities in appearance; this approach is called cladistic analysis. Most taxonomic groups above the level of “order” are now assigned clade names. Some of our long-held beliefs about plant relationships have been challenged; even the previous simple division between monocots and dicots has been debunked! It turns out that monocots do form a true clade, while dicots do not. Plant orders are now more inclusive, and many genera and species have been reassigned to different plant families. So it seems like some of our largest plant families have shrunk or disappeared, while some previously obscure families are now much larger.


This might sound dull or uninteresting, but just the opposite is true! The cladistics approach now allows us to date major events in plant evolution and to figure out, fairly precisely, how long ago plant groups diverged. For those of you who like to breed plants, this new approach predicts which species are closest relatives and most likely to be successful if interbred. Cladistics also has many medical applications. Consider the case of the compound from Pacific yew trees called taxol, which is effective in treatment of colon, breast, and other types of cancer. Because cladists were able to determine another species most closely related to the Pacific yew, an alternate source of taxol was located. In epidemiology, cladistics is applied in the Supermap Project, which tracks the genomes of disease-causing microbes and links these to their geography to predict the spread of infectious diseases. Cladistic analyses of human genotypes are being used to assess an individual’s relative risk of developing high blood pressure or heart disease.


For those of you who have studied hard to learn scientific names of plants, these breakthroughs may seem a major disappointment—now you will be working harder to learn the new scientific names and families. The good news is that out of the 300 or so species in the first edition of this book, only fifty-eight have new scientific names, and forty-one have been placed into different families. The bad news is that we have not seen the last of the name changes—as more molecular data are gathered, more changes will be forthcoming. The changes that show up in this edition correspond with the publication of the second edition of The Jepson Manual: Vascular Plants of California, which was released in 2012. There are many ongoing studies that did not meet the publication deadline for The Jepson Manual. The name changes resulting from these studies will show up in a later edition. Examples include new species of Eschscholzia (poppy) and changes to the genus Cryptantha (forget-me-not).


While it may be tempting to just use the common name, please remember that these are not precise and may hinder accurate communication. Mojave Desert wildflowers may have English, Spanish, and Native American common names, and many more, as anyone can make one up at any time. The same common name can also apply to more than one species, which also limits their usefulness. For your convenience, I have included an index of synonyms in the back of this book (following the glossary), where you can look up a plant by the former scientific name. (That is, until you learn the new names!)


Even if you are not interested in scientific names, there are still great reasons to buy this second edition of Mojave Desert Wildflowers. Many of the photographs have been updated, and there are thirty new species that were not featured in the previous edition. For numerous species accounts present in the first edition, more information has been added to the “Comments” section, especially about plant chemistry and potential for using plant chemicals in new medicines, a field called “pharmacognasy.” In some cases the actual chemical names are given, not with the intention of intimidating those who are chemistry-phobic but to inspire and enthuse those who are interested. The genetic diversity that gives rise to so many potentially useful plant chemicals is amazing, and it is totally underappreciated. Even those who don’t value the beauty of the Mojave Desert might find a reason to favor preserving this genetic treasure trove. Please remember that this book’s information on plant medicinal uses is never given to promote the use of any plant for food or medicine, but rather it is included for general interest and to possibly stimulate further research.


Much more significant than name changes, and the perceived inconvenience they bring, are the major landscape changes that are taking place in the Mojave Desert. As I write, vast areas are being cleared for the so-called “green” solar and wind energy projects, many of which have been given rubber-stamp approval without any meaningful studies to determine their effectiveness at decreasing greenhouse gas emissions.


These energy projects will undoubtedly have lasting impacts on the Mojave Desert flora on many levels. If all of the proposed projects are approved, the actual land clearing and disturbance is projected to affect hundreds of square miles of the Mojave Desert. Preliminary surveys have shown that many of these sites now support pristine habitat: They are relatively weedless, have high native plant diversity, and they have intact soil crusts and low disturbance, in spite of past grazing at some of the sites. Once the projects are completed, any mitigation measures to restore desert vegetation can be considered, at best, experimental; we cannot predict whether these measures will succeed in restoring vegetation or lost ecosystem functions.


We should also question the assumption that the alternative energy provided by these projects will significantly lower carbon emissions. Photosynthetic organisms take in carbon dioxide from the atmosphere in order to make glucose, and some of our desert plants boast the most efficient rates of photosynthesis, especially at high temperatures. The desert soil crusts also abound with photosynthetic microbes, which provide an additional sink for carbon dioxide. By placing these solar and wind projects in high-functioning habitats, we may be inadvertently bulldozing away a substantial carbon sink without careful studies to compare it with our potential carbon emission savings from employing alternative energy.


The energy projects may also have a significant impact on biodiversity and rare species. Since the proposed project sites are located miles from the consumer usage sites, lengthy swaths of land will be modified for energy transmission corridors, which will not only destroy vegetation directly, but will also provide prime disturbed habitat for the spread of invasive species into the most remote desert regions. Many studies have demonstrated negative effects of invasive plants on biodiversity of native desert flora, including competition, increasing fire frequency, and type conversion of vegetation. As an alternative to this approach, many have proposed placing solar panels on rooftops, in vacant urban fields and abandoned parking lots, and in highly degraded landscapes. I wholeheartedly support this alternative.


This major overhaul of the Mojave Desert landscape should motivate botanists (professional and hobbyists alike) to get out there now! You are needed, more than ever, to document and share your observations about native desert species and to work for conservation of remaining desert habitats. What are you waiting for? Grab your hand lens, and let’s go botanizing!
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INTRODUCTION


Mojave Desert Geography and Climate

The Mojave Desert is the smallest North American desert, occupying less than 50,000 square miles. It has a nearly rectangular shape, wedged between the Sonoran Desert to the south and Great Basin Desert to the north. The southern border goes through the middle of Joshua Tree National Park and the Little San Bernardino Mountains, along the San Bernardino and Riverside County line. The Garlock and San Andreas Faults and Tehachapi Mountains define the western border. On the north the Mojave has small extensions into Eureka, Saline, Owens, and Death Valleys in California. In Nevada the Mojave Desert includes most of Clark County, with fingers extending north into Nye and Lincoln Counties north of Beatty, into Tikaboo and Pahranagat Valleys, and at Elgin. A small corner of Washington County in southwestern Utah, extending to near St. George, is also considered part of the Mojave. The Mojave also occupies the northwestern portion of Arizona to Kingman, with an extension into the lower Grand Canyon area. In the southeast the Colorado River divides the Mojave from the Sonoran Desert. The map provides a generalized regional view of the area covered in this book.


This area is considered a desert because there is little precipitation and significant water loss due to evaporation; in fact, the Mojave is the driest of the North American deserts. The mountains along the southern and western desert borders effectively block many of the moisture-bearing westerly winds from the coast. This “rain shadow” limits the amount of precipitation that reaches the desert. Lowland areas of the western Mojave average about 5 inches of precipitation per year, while the drier areas in the eastern Mojave average only 2 inches per year. Death Valley’s average is less than 2 inches per year. In some years less than ½ inch of rain occurs. When it does rain, prevailing dry air masses and winds quickly facilitate evaporation from the soil surface. Most of the rain in the western Mojave occurs during the winter months, whereas the eastern Mojave has a greater chance of receiving summer monsoon rains. Many areas east of Twentynine Palms receive more than half of the annual precipitation in the summer months. Rains in summer and fall often bring cloudbursts, which cause flash floods that may temporarily provide water for plant roots but also cause erosion and landscape alteration.


The presence or absence of atmospheric water and cloud cover has a tremendous influence on temperature. Water efficiently absorbs and releases heat, so moisture in the atmosphere tends to buffer temperatures. Since the Mojave Desert has little precipitation, it is a land of temperature extremes; it is very hot in summer and cold in winter. Winter storms may bring snow to the higher elevations of the Mojave. On these rare occasions the snow normally melts within a very short time.





Mojave Desert Topography and Geology

Complex geologic processes have formed the varied topography and soil types in the Mojave Desert, creating many different microclimates that contribute to the plant diversity present today. The movements of tectonic plates have resulted in the formation of the numerous north–south mountain ranges and valleys in the eastern and northern Mojave Desert and Great Basin. This landscape is called horst-and-graben, where “horst” refers to the mountainous uplifted or tilted blocks, and “graben” means “grave,” referring to the sunken valleys between the mountain ranges. The lowest graben is Death Valley, with over 550 square miles below sea level, including Badwater, the lowest spot in the nation, with an elevation of 282 feet below sea level. Some of the uplifted mountains are quite high, such as Telescope Peak in the Panamint range (elevation 11,049 feet), which overlooks Badwater to the east. The action of the Garlock and San Andreas Faults has caused a rotation of the mountain ranges in the western and southwestern Mojave, resulting in more of an east–west than a north–south orientation.


There is evidence of extensive volcanic activity in various parts of the Mojave Desert and in the adjacent Owens Valley and Sierra Nevada range. This is primarily a result of molten materials emerging through faults in the thinning crust. You will find recent lava flows at Lavic and Amboy and in the far northern Mojave and Owens Valley. The Sierra Nevada volcano, Mammoth Mountain, is an example on a larger scale. Cinder cones or craters are prevalent at Cima, Pisgah, Amboy, and other sites. The numerous faults have also allowed submerged molten materials (magma) to heat water below; hot springs form when the hot water surfaces. These hot springs are home to thermophilic (heat-loving) bacteria that can tolerate temperatures well above 122 degrees F, a water temperature that will scald your hand if you immerse it. The soils around hot springs are often salt encrusted, where only the salt-tolerant plants called halophytes can grow.


Runoff waters from mountains in and bordering the Mojave Desert have no route to the ocean, so the interior drainage collects in low valleys. At the end of the last glacial maximum, the melting of glaciers caused so much water to accumulate in these low spots that a large proportion of the northern Mojave was covered by a series of lakes from Owens Valley to Death Valley. The gigantic Lake Manly, which covered what is now Death Valley, was over 600 feet deep and 90 miles long. There were numerous smaller lakes, including Lake Searles, Lake Panamint, China Lake, and just north of the Mojave Desert, Owens Lake. Lake Mannix stretched along the Mojave River from Barstow to the Cave Mountain area. With the retreat of the glaciers and drying of the climate, these lakes have dried up. They are now called playas. The ancient shorelines of many of these relic lakes are visible as strand lines on some hillsides above the playas. During wetter periods, runoff laden with salts and minerals reaches these playas. Because of heavy sedimentation and clay deposits in the underlying soil, the runoff water tends to pool on top. This water evaporates, leaving the salts and minerals on the playa surface. Many of the playas have a high accumulation of compounds that behave like common baking soda, causing “self-rising” soil that puffs up and forms an upper crust. The high salt content prevents plants from growing on the surface in the center of the playa, but salt-tolerant (halophytic) plants often occupy margins. These are called wet playas, and an example is Soda Lake. Other
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playas (called dry playas) retain claylike properties, forming large cracks in the mud as the water evaporates. An example is El Mirage Dry Lake in the western Mojave.


Alluvial deposits, caused by the erosion of sand and debris from mountains in and surrounding the Mojave Desert, reach a depth of at least 4,000 feet in the Antelope Valley, with a decrease in depth toward the eastern Mojave. Alluvial deposition also occurs in the canyons through which the water flows out of the mountains. These sloping accumulations of debris that form skirts at the bases of mountains are called alluvial fans, or bajadas, when they coalesce. Runoff water can channel down bajadas on its way to basins, forming washes or gullies, often called arroyos. In some areas, eroded and windblown decomposed granite and sediments can accumulate to form sand dune systems, which are discussed under desert dune vegetation, below.





Mojave Desert Soils and Rock Surfaces

Soil formation in the Mojave Desert occurs primarily by physical weathering of parent rock material by wind and water. A small amount of biological weathering can also take place when acids from lichens dissolve minerals on rock surfaces, or when plant roots fracture bedrock. Since there is very little water in the Mojave, soils tend to be poorly developed and very thin. The most weathered portion on the surface, called topsoil, is usually less than 6 inches deep, compared to fertile farmlands where the topsoil can be several feet deep. Many plant species need a deep topsoil layer and cannot grow in the desert for this reason.


Texture in relation to soil nutrients and water: Soil texture refers to the relative proportions of different-size particles in the soil. The smallest particles are clay, silt particles are midsized, and sand particles are relatively large. Since the Mojave has poor weathering of parent rock material, the soil texture is sandy, with large spaces between particles that allow water and dissolved minerals to quickly percolate. Cold winter temperatures, lack of water, and sparse vegetation result in poor conditions and slow rates of decomposition by soil microorganisms such as bacteria and fungi. This contributes to the paucity of nutrients in sandy desert soils.


Cryptobiotic soil crusts form when strands of cyanobacteria (formerly called blue-green algae) hold soil particles together, forming a stable matrix where algae, lichens, and mosses can infiltrate. This crust prevents the strong desert winds from blowing away the soil, especially the smaller particles, so the soil can hold more mineral nutrients. These crusts may be the only source of nitrogen for plants in many desert areas. The cyanobacteria are able to take atmospheric nitrogen and change it into a form that can be used by plants, through a process called nitrogen fixation. (This function is also carried out by bacteria living in root nodules on many pea family plants.) These crusts are necessary for the establishment of some species, yet they also function as a barrier to other seeds. The seeds of the invasive red brome (Bromus madritensis ssp. rubens) are unable to penetrate crusts, which can explain why this plant is prevalent in disturbed areas where the crusts have been broken. Off-highway vehicles, grazing, and other types of soil disturbance are destructive to cryptobiotic crusts, which are essential to proper arid land ecosystem functioning.


Some Mojave Desert soils have caliche, an impenetrable subsurface layer of accumulated calcium carbonates and other salts. As water is drawn to the soil surface by evaporation, these materials are left behind, hardening into a crust. Water does not soak through this layer, it is difficult for plant roots to penetrate, and it is nearly impossible to dig through it if you are trying to plant a garden. Carbonate outcrops (limestone, dolomite, and marble) are scattered throughout the mountains of the Mojave Desert and on low, north-facing slopes of the Transverse Ranges. The chemical makeup of these carbonate soils is a stressful environment for plants, yet some are able to adapt. Many of our rare and endemic Mojave Desert species are found on these soils.


Desert varnish is a dark reddish-brown or black coating on the outer surfaces of rocks and boulders in many parts of the Mojave. Turning the boulders over often reveals a reddish or orange varnish coating on the rock undersurfaces as well. Desert varnish is extremely thin, sometimes less than 
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 millimeter. Several theories for its formation have been proposed, one of which involves the absorption of atmospheric iron and manganese by bacteria that live on the rock surfaces. These minerals are slowly oxidized and deposited with clay particles onto the rock surfaces over tens of thousands of years. The effects of desert varnish on plant growth are unclear, although there are some desert plants that seem to be found mostly in areas where desert varnish exists. The amount of accumulated desert varnish can help geologists and archaeologists date landforms and human artifacts. It is thought that the alkaline dust that becomes airborne from the passage of off-highway vehicles may inhibit desert-varnish-producing bacteria.


Lichen crusts are apparent on many rock surfaces in the Mojave Desert. These come in many shades, from greens and grays to bright reds, oranges, and yellows. They consist of algae and fungi that live in an intertwined symbiotic relationship called obligate mutualism, in which both organisms benefit and one cannot survive without the other. The alga carries out photosynthesis, providing food for both itself and its fungal partner. The fungus provides protection from wind and scorching sun and may also secrete weak acids that can help the lichen absorb mineral nutrients from the rock. When conditions are dry, the lichen remains inactive, but when there is moisture available, it sucks up water like a sponge and begins making food. Lichens fulfill the very important ecosystem function of crumbling rock surfaces so that mosses and grasses can become established, which in turn facilitates the growth of larger plants. This process is called primary succession. Lichen colonies probably live for hundreds of years, but they eventually absorb and concentrate toxic compounds so that the fungal component dies. They are very sensitive to air pollution and have been used as pollution indicators.





Past Vegetation of the Mojave

How can we know what the Mojave Desert vegetation was like in the past? Fossilized remains of giant ground sloths, camels, and three-toed horses and extensive stromatolites from shallow-water lake systems throughout the region indicate that the vegetation was much more dense and lush in ancient times. There is also evidence from the more recent past, from the time since the last full glaciation, which can help explain and account for the vegetation that we see today.


Ancient homes of pack rats give us a glimpse of what species were present since the last glacial maximum, about 18,000 to 20,000 years ago. To understand this evidence, it is important to know about pack-rat physiology, ecology, and behavior. The most common species in the Mojave is called the desert pack rat (Neotoma lepida). This is a New World rodent that is not related to the European rat associated with filth and overcrowded cities. Desert pack rats are light beige, weigh less than one pound, and have large ears and prominent eyes. They are not as well adapted to desert living as their common name suggests, for they urinate copiously, losing valuable water. Since they live in a place where water is scarce, they compensate by eating green, moist vegetation. Unfortunately, this type of diet doesn’t provide them with much energy, making it difficult to cope with the temperature extremes of the desert. Natural selection has favored individuals who are active at night and who build nests. A nest can decrease the energy costs of regulating body temperature, protecting the animal from excessive heat and cold. A nest can also provide a place to hide by day, minimizing water loss and offering protection from predators.


The nests are built in crevices, caves, and under dense vegetation. The pack rat makes improvements by dragging in sticks, green plant parts, animal droppings, bones, and just about whatever else is available. Cactus joints are frequently added, which are effective at deterring predators, especially coyotes. If you listen at night, you can hear them hauling items to the nest, making quite a racket! As pack rats die, new generations of pack rats continue to build nests at the same site, adding materials to the older nests. In some places this has gone on for millennia. The abundant urine that is added to the nest components tends to crystallize, solidifying and preserving the remains of woody plant species used in nest construction, so that they are still identifiable millennia later. These remains from numerous middens have been identified, quantified, and radiocarbon-dated to give a picture of what the vegetation was like during the last 18,000 years in the Mojave Desert and in other areas where middens are found.


Consider that the last full glacial period was around 20,000 years ago. Current models show that the average temperature was cooler by at least six degrees C and that there was at least 40 percent more precipitation. About 16,000 to 12,000 years ago, the glaciers began to retreat, and from 12,000 to 10,000 years ago, there was a warming trend, marking the beginning of the modern interglacial age called the Holocene. In the middle Holocene there was a drying trend, called the xerothermic, that favored more xeric (dry-adapted) species. Midden data from various sites in the Mojave Desert paint different pictures of vegetation change in response to these climate changes. This is not surprising, since topography, latitude, and climate varied site to site. However, there are general trends that will be described here.


During the last glacial period, vast lakes covered much of the Mojave Desert. Pinyon-juniper woodland and juniper woodland were much more widespread, occurring at much lower elevations than at present, sometimes even on the desert floor in moist areas. But now there are small, isolated pockets of woodland, which are restricted to the middle and upper elevations of scattered mountain ranges. In the northern Mojave, limber pine (Pinus flexilis) and western bristlecone pine (Pinus longaeva) were also found at much lower elevations on upper slopes. Now they occur only on the highest slopes, north of the Mojave. On the lowest and very driest sites, desert scrub was present. However, it did not consist of heat-tolerant species that we see in desert scrub today, but of species that are better adapted to cold (here called steppe species), such as big sagebrush (Artemisia tridentata) and winter fat (Krascheninnikovia lanata). As conditions became hotter and drier in the xerothermic period of the middle Holocene, the woodlands retreated to higher altitudes and latitudes. Steppe species also migrated to moister, cooler areas. The number of succulent species decreased. With this decline in woodland and steppe species at low elevations came a corresponding increase in heat-loving species, such as creosote bush (Larrea tridentata), white bur-sage (Ambrosia dumosa), pygmy-cedar (Peucephyllum schottii), and honey-sweet (Tidestromia oblongifolia). Some species were present before the retreat of the glaciers, but many were new, and they arrived at different times in different locations in the Mojave Desert. The creosote bush (Larrea tridentata) arrived very early after the glacial retreat in some locations, evidently migrating north from the Chihuahuan and Sonoran Deserts. The King Clone Creosote near Lucerne Valley is estimated to be over 11,000 years old and is probably the oldest living plant on Earth. This is evidence of its early arrival in the Mojave Desert, yet in its most northern present range, the earliest creosote bush midden record is only 5,500 years old. At the end of the middle Holocene, there was a temporary increase in precipitation, allowing the immigration of more mesic (water-requiring) species such as Mormon tea (Ephedra species), rhatany (Krameria species), and desert almond (Prunus fasciculata), which contribute to the species richness present today.





Past Human Uses of Mojave Desert Plants

Ethnobotanical information is given in the comments section for numerous plants in this book. In many cases details are included about how the plant was used by specific groups that occupied different areas of the Mojave Desert. The groups mentioned are those that existed in historical times, not the most ancient desert dwellers. These groups were primarily hunter-gatherers, relying mostly on plant foods and supplementing their diets with meat when it was available. Because there is little rainfall in the desert, food items were not plentiful, and so populations of most of these bands were also small. Because of the seasonal availability of resources, desert dwellers of the past often had annual migration patterns, occupying lowlands in winter months and higher elevations in summer. The populations were also scattered, with nuclear family groups as the main social structure. Occasionally larger groups would come together for rabbit drives or hunts, and some groups developed trade routes. In areas of richer and more reliable resources, larger extended family groups were common.


The Western Shoshone primarily lived in the Great Basin, but they also inhabited the northern Mojave Desert, including northern portions of the Panamint range, Death Valley, and Funeral Mountains, east to the Pintwater Range and present-day Beatty, Nevada. The Southern Paiute occupied present-day Las Vegas and its surrounds, including the Spring Mountains, Clark Mountain, and the eastern flanks of the Black and Avawatz Mountains, to the upper stretches of the Colorado River and northwestern Arizona. Both the Paiute and Shoshone were hunter-gatherers and made annual migrations to harvest pine nuts and mesquite pods. Many plant resources were managed by pruning, scattering seeds, and burning to increase yields. The tribes closest to the Colorado River had limited agriculture, while the closely related Owens Valley Paiute used Owens River water to irrigate native plants.


The Chemehuevi lived in the areas west of the Colorado River and in the eastern and southern Mojave Desert, south of Clark Mountain to the north-facing slopes of the Little San Bernardino Mountains. They were hunter-gatherers who were skillful at making and using willow hunting bows. This enabled them to hunt big game, including deer and bighorn sheep, which supplemented their diet of seeds, berries, yucca fruits, cacti, reptiles, and rabbits. They later added a few cultivated crops to their diet. They are known to have made long journeys to visit neighboring groups, using extensive trail systems, including the Mohave Trail. They are also renowned for making very fine baskets.


The Mohave settled in the Colorado River Valley, north and south of Needles, but south of the territory occupied by Southern Paiute. Their language ties them to Arizona groups to the east. They are noted for farming pumpkins, corn, beans, and tobacco. They also fished and gathered large quantities of mesquite pods. With time for leisure activities, they developed trade routes, such as the Mohave Trail, which went from Needles to the Mojave River with stops at springs, including Rock Spring, Cedar Spring, Soda Lake, Dagget, and Barstow. This same trail was later called the Mohave Road and was used by trappers, settlers, and gold seekers. They also had time for fighting with neighbors! They fought extensively with the Chemehuevi to the west, and the territory occupied by these groups constantly shifted.


The Kawaiisu lived from Bakersfield through the Tehachapi Valley and into the northwestern Mojave Desert to Red Rock Canyon and north almost to Little Lake. Most artifacts in this part of the Mojave are from 500 to 1,500 years old, leading to speculation that ancestors of this group left the southern Sierra Nevada during the mini–ice age of 3,000 years ago, and may have began migrating back to the Sierra during a global warming period 700 to 800 years ago. The Kawaiisu territory encompassed a wide range of habitat types, through which they migrated to take advantage of seasonal food resources such as elderberries, manzanita, chia, and acorns. They hunted deer, antelope, and bear. They also had an extensive trail system to contact the neighboring Paiute and Chemehuevi, making seasonal trips east as far as the Mojave and Amargosa Rivers.


The Serrano occupied the San Bernardino Mountains, including the northern desert slopes. The Vanyume were likely an extension of the Serrano, since they spoke nearly the same language, but very little is known about their culture. They lived along the Mojave River to at least Barstow, and in pockets on the desert slopes of the San Gabriel Mountains, as at Pearblossom. They did not cultivate crops but survived on mesquite pods, various seeds, insects, reptiles, and rabbits, and also likely gathered pine nuts from the foothills. Evidently their impoverished lifestyle did not favor population growth, for there were very few Vanyume when Father Francisco Garcés traveled through the Oro Grande area in 1776, providing the Vanyume their first contact with whites. By 1900 they were extinct, evidently the victims of several smallpox epidemics, raids by other tribes, and assimilation into white culture.





Early Botanical Exploration of the Mojave Desert

This section gives information about some of the bold, adventurous individuals who explored and collected plants in the Mojave Desert during the past two to three centuries. Many of them sent plant specimens to university botanists, especially Asa Gray of Harvard, who often named plants in honor of the collector. These are arranged in alphabetical order by last name. Unfortunately, it is impossible to include all the collectors on this list, especially those who have made important contributions in the last fifty years. You will find more information in the comments section for many of the species accounts.


Annie Montague Alexander (1867–1950) and her friend Louise Kellogg (1879–1967) collected museum specimens of more than 20,000 plants, animals, and fossils throughout the northern and eastern Mojave in the 1940s. Annie funded research for Joseph Grinnell, John C. Merriam, and other well-known scientists, and she was a benefactress of the University of California at Berkeley Museum of Paleontology.


William Whitman Bailey (1845–1915) studied botany under Asa Gray of Harvard and later became a botany professor at Brown. He was a botanist on the US Geological Survey of the 40th parallel, and he made vast collections in southern Nevada.


Ira Waddell Clokey (1878–1950) collected throughout southern Nevada, culminating in the production of a noteworthy flora of the Spring Mountains (Mount Charleston) in the 1930s.


Frederick Vernon Coville (1867–1937) was the Chief of Botany for the US Department of Agriculture, an instructor at Cornell University, and curator of the National Her-barium before and after it was transferred to the Smithsonian. He made extensive plant collections on the Death Valley expedition of 1891.


Mary DeDecker (1909–2000) made botanical explorations throughout the northern Mojave Desert and Owens Valley. She collected nearly 6,500 specimens, many of which she sent to Philip A. Munz when he was working on A California Flora. She started the Owens Valley Committee to protect Owens Valley water from the Los Angeles Department of Water and Power, she founded the Bristlecone Chapter of the California Native Plant Society, and she wrote Flora of the Northern Mojave Desert.


John Charles Frémont (1813–90) worked with the US Topographical Corps on surveys in the eastern United States. In the 1840s he was appointed to lead three expeditions to map routes to the West, including one in 1844 that took him from the Tehachapi Mountains, across the Mojave Desert in southern California, and northeast through southern Nevada. Although he was not a botanist, he made many important collections, one of which was the pinyon pine he found near Cajon Pass. Numerous plant species are named for Frémont.


Father Francisco Garcés was a Franciscan priest who was the first white man to journey through the Mojave Desert. He followed what is now known as the Mojave Road, passing through Piute Creek, the Providence Mountains, the New York Mountains, and Soda Springs. He encountered the Vanyume at the Mojave River in 1776, near the present-day Oro Grande, and reported on their use of native plants.


M. French Gilman (1871–1944) was a longtime caretaker and naturalist at Death Valley. He made numerous plant collections and ornithological observations.


George H. Goddard (1817–1906) was a cartographer from Great Britain. He served as a naturalist to assist Lieutenant Tredwell Moore on an expedition to eastern California in the 1850s to find a route for a railway that would pass over the Sierra Nevada range. He made the first map of Death Valley, and he collected hundreds of botanical specimens from that region.


Joseph Christmas Ives (1828–68) participated in the Whipple expedition and was then assigned to explore the Colorado River. He made botanical collections around present-day Lake Mead and into the Grand Canyon. He erroneously predicted that white settlers would leave that area alone, as it resembled the “gates of hell.”


Edmund Carroll Jaeger (1887–1983) was head of the zoology department at Riverside City College from the 1920s to the 1950s. He made botanical collections throughout the Mojave and Colorado Deserts, finding new species and documenting species ranges. He authored The California Desert, Desert Wild Flowers, Desert Wildlife, A Naturalist’s Death Valley, and Deserts of North America. He made the first botanical collections in the Clark Mountains and an important report of plants from the Spring Mountains. Numerous Mojave Desert plants are named in his honor.


Willis Linn Jepson (1867–1946) collected throughout the Mojave Desert in the early 1900s, including Victorville, Barstow, Stoddard Wells, the Ord Mountains, the Panamint and Funeral Mountains, and along the Colorado River. He founded the California Botanical Society and wrote Trees of California, Manual of the Flowering Plants of California, and the unfinished, multivolume Flora of California.


Marcus Eugene Jones (1852–1934) was a self-educated mining engineer and botanist who worked for a Salt Lake City railroad company. He collected plants throughout the West, including the Mojave Desert and San Bernardino Mountains. He questioned the authority of Asa Gray and other prominent botanists by publishing Contributions to Western Botany, making it possible for western botanists to publish on their own.


Clinton Hart Merriam (1855–1942) was the head of the Division of Ornithology and Mammalogy for the US Department of Agriculture. One of the first of his many biological surveys of the West was the department’s Death Valley expedition in the 1890s. He developed the life zone concept to explain distributions of plants with the purpose of determining the suitability of land for farming.


Philip A. Munz (1892–1974) collected throughout the Mojave Desert, often with other important botanists, including Marcus E. Jones and John C. Roos. He wrote A California Flora and A Flora of Southern California.


Aven Nelsen (1859–1952) was a professor of botany and college president at the University of Wyoming. He was primarily interested in the flora of the Rocky Mountains but collected extensively throughout the western states, including parts of the Mojave Desert.


Edward Palmer (1831–1911) was born in England but spent most of his life collecting over 10,000 species of plants in the Americas. In 1891 he led an expedition across California through Death Valley, and he collected extensively in southwestern Utah. Many plant species are named in his honor.


Samuel Bonsall Parish (1838–1928) and William Fletcher Parish (1840–1918) were brothers from San Bernardino, California. They made extensive botanical-collection trips throughout the local mountains and deserts, including the Mojave. Samuel was in contact with many of the leading botanists, and many species were named for him.


Charles Christopher Parry (1823–90) worked for the Pacific Railroad and Mexican Boundary Surveys and made many plant collection trips to the deserts and mountains of the American Southwest. He discovered numerous new species, and quite a few are named in his honor.


Carl Albert Purpus (1853–1941) was a German-born horticulturalist who made extensive collection trips to many parts of the United States and Central America. From 1895 to 1899 he explored southern and western Nevada, northern and western Arizona, western Utah, and the northeastern portion of the Mojave Desert in California. He was an approved collector for the University of California at Berkeley Herbarium, although he was not paid. He supported himself by selling seeds and unusual plants that he collected to German horticulturalists.


Sereno Watson (1826–92) was a camp cook who was appointed as plant collector when William Bailey left the Clarence King expedition of the 40th parallel. He later was one of the botanists on the Josiah D. Whitney expedition, where he collected and described many species across Utah, Nevada, and the eastern Sierra Nevada range.


George M. Wheeler (1842–1905) conducted surveys in the 1870s for the US Corps of Engineers. The first large survey documented geological, botanical, zoological, and archaeo-logical information on vast areas of southern Nevada, southwestern Utah, and eastern California, including the Mojave Desert. He received such acclaim for the first survey that Congress decided to fund a second survey through Death Valley to the Colorado River.


Lt. Amiel Weeks Whipple (1817–63) commanded the Pacific Railroad Survey of the 35th parallel. He made numerous important botanical collections through the Mojave Desert with the survey surgeon and botanist Dr. John Milton Bigelow (1804–78). The survey route was that of the historic Mohave Road and later the famous Route 66, but it was not the ultimate location of the transcontinental railway.


Carl B. Wolf (1905–74) collected in Kern County and the northwestern Mojave Desert. He was a botanist at the Rancho Santa Ana Botanic Garden and author of several works on oaks and cypress.





Present Vegetation of the Mojave

Although the Mojave Desert does not sustain lush vegetation, the rich topographic variation supports high species diversity with more than 2,600 species of plants (this excludes elevations above 7,500 feet in the Panamint, Spring, and Sheep ranges). Some of the most common plant families in the Mojave include the sunflower family (Asteraceae), the grass family (Poaceae), the pea family (Fabaceae), the mustard family (Brassicaceae), the buckwheat family (Polygonaceae), the goosefoot family (Chenopodiaceae), and what was formerly the figwort family, Scrophulariaceae (most of which is now included in the Plan-taginaceae, Phrymaceae, and Orobanchaceae).


About one-fourth of Mojave Desert plants are endemic, meaning they are found nowhere else. Some endemic species with restricted ranges and/or low abundance are considered to be rare. Less than 10 percent of Mojave Desert plants are considered special-status plants: that is, rare enough to be protected by state or federal listing as threatened or endangered or considered rare by other programs or organizations, such as the California Native Plant Society. This is a far lower proportion of special-status plants than the 35 percent reported in the entire state of California. This may be due to lower human population size and less habitat fragmentation in the Mojave Desert, but it may also be explained by the fact that botanical exploration of the Mojave is not yet complete. Because it can be so hot and dry, and there is so much ground to cover, even the most dedicated botanists tend to stick to the roads while collecting specimens. There are so many Mojave Desert canyons and mountain areas where the flora has not yet been documented. There may be undescribed species left to discover!


Where plants occur depends on elevation, amount of precipitation, soil type, temperature, slope aspect, and many other variables, including the past history of dispersal. Because different species have individual ranges of tolerance to environmental conditions, each species grows only where it is able. Plants are often found in assemblages of those that have similar tolerances, called vegetation types. The species accounts commonly mention the vegetation type in which a species is found; these are described below.


Vegetation types are determined by the dominant species present. Dominant species are often the largest plants, the most abundant plants, or those that occupy the most area, or a combination of these traits. In addition to the dominant species, nearly all of the vegetation types have ephemerals, which are annuals that respond to seasonal rain. In the Mojave Desert most of these annuals germinate in late winter and appear in the spring and early summer, but occasionally there is a late-summer-to-fall crop, especially in creosote bush scrub. The sizes of the annuals often vary with the amount of rain. The species accounts may often give the upper size limit that has been recorded, but in a dry year the plant can be much smaller. Many of the spring annuals that germinate in response to winter rain have seed coat compounds that inhibit germination. There must be enough rain to completely wash away these compounds before germination can occur. The summer-to-fall annuals also germinate in response to rain, but they also require high temperatures. Many of them are capable of a special type of photosynthesis (called C4) in which the enzyme to fix carbon dioxide works more efficiently in the heat. The species diversity of spring annuals is much greater than that of summer-to-fall annuals.


The vegetation types described below are not discrete but blend into one another across environmental gradients, such as an elevation or moisture gradient. Areas where the vegetation types overlap and blend are called ecotones. In general, the vegetation types are presented in order of increasing elevation, beginning with those vegetation types found in the lowest areas of the Mojave Desert, except for riparian and dry wash vegetation types, which can cover wide elevation ranges.
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Alkali sink vegetation generally occurs in the lowest areas of the Mojave, at or below 2,000 feet. These are areas where rainwater drains and collects, but it doesn’t penetrate the soil rapidly due to the presence of a clay or caliche layer under the surface. Alkaline dry lake beds (playas) are an example of such an area. The water pools on the surface and eventually evaporates, but the salts that were washed in with the water accumulate, giving the soil a very high pH. Salt presents a problem for plants in that it tends to draw water out of their roots. Plants that live in alkali sinks have methods to deal with salt (see “Plant Adaptations to Desert Climate,” below); such plants are called halophytes. A species that tolerates extremely high salt concentrations and that you will often find in alkali sinks is saltgrass (Distichlis spicata). Other common alkali sink species include iodine bush (Allenrolfea occidentalis), bush seepweed (Suaeda nigra), yerba mansa (Anemopsis californica), honey mesquite (Prosopis glandulosa), and the introduced salt cedar (Tamarix ramosissima) and Russian thistle (Salsola tragus).


Saltbush scrub vegetation is often found beyond the extreme halophyte zone around alkali sinks, and alkali sink vegetation often grades into saltbush scrub. The species here must also deal with salt but not in as high concentrations as found in the alkali sink. Dominant species often include members of the goosefoot family (Chenopodiaceae), such as four-wing salt-bush (Atriplex canescens), shadscale (Atriplex confertifolia), and allscale (Atriplex polycarpa). These species can also be found in shadscale scrub vegetation that occurs in higher elevations in the northern Mojave and near Death Valley. Shadscale scrub also commonly includes hop-sage (Grayia spinosa) and winter fat (Krascheninnikovia lanata).
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Creosote bush scrub vegetation covers the bulk of the desert floor and lower allu-vial fans. It is characterized by shrubs that seem evenly spaced, with enough distance between so that bare ground is seen between them. Possible reasons for the spacing pattern are discussed under the creosote bush (Larrea tridentata) and white bur-sage (Ambrosia dumosa) entries of this book. Areas with this type of vegetation typically receive between 2 and 8 inches of rainfall a year. Since creosote bush can withstand a broad range of environmental conditions, it is the dominant species and has a very wide range not only in the Mojave but in the Sonoran and Chihuahuan Deserts as well. In different parts of its range in the Mojave, there are codominant shrubs with smaller ranges of tolerance, so that in different areas you will see different shrub species mixed with the creosote bush. Some of its most common associates include white bur-sage (Ambrosia dumosa), brittlebush (Encelia farinosa, Encelia actoni, Encelia virginensis), cheese-bush (Ambrosia salsola), Mojave yucca (Yucca schidigera), silver cholla (Cylindropuntia echinocarpa), and beavertail (Opuntia basilaris).


Desert dune vegetation often occurs within creosote bush scrub in areas of high sand concentrations. The sand is either from ancient beaches or due to decomposed rock that has been eroded and transported by wind and water to accumulate over millennia. Desert dunes are unique in that the sand readily absorbs water like a sponge. The water can be retained beneath the surface, protected from evaporation by layers of sand above. The plants on desert dunes must have deep roots to take advantage of the water. Dominant dune species include honey mesquite (Prosopis glandulosa), desert willow (Chilopsis linearis), big galleta (Hilaria rigida), desert sand-verbena (Abronia villosa), bugseed (Dicoria canescens), and sandpaper plant (Petalonyx thurberi).


Joshua tree woodland vegetation occurs between 2,500 and 4,500 feet, in areas that receive between 6 and 15 inches of rainfall per year. The Joshua tree (Yucca brevifolia) is not only the dominant plant of this vegetation type, it is also unique to the Mojave Desert. Edmund C. Jaeger asserted that if you drew a line around the entire range of the Joshua tree, you would be drawing a line around the Mojave Desert. Common associates of the Joshua tree include Mojave yucca (Yucca schidigera), paper-bag bush (Scutellaria mexicana), box thorn (Lycium andersonii, Lycium cooperi), sage (Salvia dorrii, Salvia mohavensis), and buckwheat (Eriogonum species).
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Blackbush scrub vegetation can occur on its own or as an understory of Joshua tree woodland or pinyon-juniper woodland. It has a wide elevational range. The dominant species is blackbush (Coleogyne ramosissima), which often occurs in vast, somewhat dense stands, making the landscape appear almost a uniform dark-gray color. The species that are commonly associated with blackbush are mostly found in several vegetation types. These include ephedra (Ephedra nevadensis, Ephedra viridis), hop-sage (Grayia spinosa), turpentine broom (Thamnosma montana), horsebrush (Tetradymia species), cheesebush (Ambrosia salsola), and winter fat (Krascheninnikovia lanata).
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Sagebrush scrub is the dominant vegetation type of the Great Basin Desert, but some can be found along the margins of the Mojave, such as in the southern Sierra Nevada foothills and northern slopes of the Transverse Ranges. There is also a small amount in the eastern Mojave Desert. Sagebrush scrub vegetation can occur on its own or as an understory of pinyon-juniper woodland. The dominant species is big sagebrush (Artemisia tridentata), and in some places it can form nearly pure stands. Other species that may be present include saltbush (Atriplex species), rubber rabbitbrush (Ericameria nauseosa), green ephedra (Ephedra viridis), hop-sage (Grayia spinosa), and bitterbrush (Purshia glandulosa). There are also numerous species of grasses, including perennial bunch grasses, making this desirable grazing land. However, grazing of sagebrush scrub negatively impacts the perennial grasses and increases the shrub cover. Cheat-grass (Bromus tectorum) is a frequent invader that competes with the native grasses and is thought to increase fire frequency.


Pinyon-juniper woodland vegetation is found between 4,500 and 8,000 feet in areas that receive 12 to 20 inches of precipitation each year, some of which may be in the form of snow. The summer and winter temperatures in this vegetation area are generally lower than those of the desert floor, and it is here that we find a dominant tree, the pinyon pine (Pinus monophylla, or in a few areas in the eastern Mojave, Pinus edulis). The vegetation cover here is denser than at lower elevations, and it can support fire, although the fire frequency is very low, naturally occurring every 150 to 300 years. Once burned, this vegetation type may take up to one hundred years to recover. Pinyon pines need nurse plants to become established, since cold temperatures and frost heaving destabilize the soil and harm fragile roots of seedlings. Once they germinate and become established, they grow very slowly. A codominant in this vegetation type is the California juniper (Juniperus californica) or in some areas, usually in the eastern Mojave, Utah juniper (Juniperus osteosperma). Some locations have both juniper species, while infrequently they are both absent, and occasionally the junipers occur without pinyon pine. Other associates include bitterbrush (Purshia glandulosa), Apache plume (Fallugia paradoxa), big sagebrush (Artemisia tridentata), green ephedra (Ephedra viridis), mountain mahogany (Cercocarpus species), and buckwheat (Eriogonum species). Pinyon-juniper woodland is also a common vegetation type in mountains of the Great Basin.
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Desert riparian vegetation occurs where there is year-round water. These areas are not very common in the Mojave but include some stretches along the Mojave and Colorado Rivers and some of the larger springs, such as Pachalka Spring at Clark Mountain. More than 80 percent of desert wildlife species use these ecologically important areas. Large trees are dominant, especially Frémont cottonwood (Populus fremontii). Several willow species may be present, including red willow (Salix laevigata), Goodding’s willow (Salix gooddingii), arroyo willow (Salix lasiolepis), and sand-bar willow (Salix exigua). Arizona ash (Fraxinus velutina) is often encountered in riparian areas, especially along the Mojave River, and in the eastern Mojave, single-leaf ash (Fraxinus anomala) may be found. In many areas the introduced salt cedar (Tamarix ramosissima) is a problem, as it is able to more efficiently extract water than cottonwoods or willows. Efforts are under way to eradicate salt cedar from many of the springs and drainages. Along the Mojave River the introduced giant reed (Arundo donax) and Russian olive (Elaeagnus angustifolia) are also frequent, although they do not seem to spread nearly as rapidly as tamarisk. Since many isolated springs throughout the Mojave were old home sites, you may find various introduced species that were planted purposely, including elm, black locust, and various fruit trees.
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Desert dry wash vegetation occurs in canyons and drainages with infrequent but severe flooding. These areas are usually in the foothills, where severe thundershower runoff can quickly accumulate from mountains above. The plants inhabiting these unstable sites must be able to recolonize the area quickly after a flood and become established before the next major flooding event. Some of the species adapted to this lifestyle include the smoke tree (Psorothamnus spinosus) and catclaw (Senegalia greggii). The tough coats on the seeds of these members of the pea family need to be abraded, or scarified, before they can absorb water and germinate. The tumbling of the seeds with gravel and sand during a flash flood accomplishes this. Then the seedling must grow roots quickly to tap water deep in the soil before the next flood occurs. The seeds have large reserves of stored food in the form of “seed leaves,” or cotyledons, which enable them to rapidly send down a taproot. Other species frequently found in dry washes include desert waterweed (Baccharis sergiloides), cheesebush (Ambrosia salsola), desert willow (Chilopsis linearis), and arrow-weed (Pluchea sericea).
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Plant Adaptations to Desert Climate

The Mojave Desert environment presents many difficulties for plants. Plants must adapt to temperature extremes, salty soils, and most of all, lack of water. Plants make their own food by a process called photosynthesis, which requires sunlight, carbon dioxide from the atmosphere, and water that is absorbed from the soil by plant roots. The carbon dioxide must enter the plant tissues through tiny holes called stomates. Unfortunately, when the stomates are open, water readily evaporates from the inside of the plant, through the stomates, to the outside air. Also, photosynthesis can take place only within a certain temperature range. When the temperatures get too high, the plant must cool down if it is going to take advantage of the sunlight available for photosynthesis. The only method the plant has to cool itself is to open its stomates and allow water to evaporate from the leaf surface. The evaporating water carries heat with it, just as it does when humans sweat. Thus, water loss is the inevitable result of making food and staying cool. Plants in the desert cannot afford this water loss, so they have evolved various structural and physiological features (adaptations) to help minimize it. Plants adapted to dry desert climates are called xerophytes. There are three basic xerophyte strategies. A plant can escape drought, avoid drought, or endure drought.


The drought escapers are the annual plants that will germinate only when enough water is available to wash away germination-inhibiting chemicals from their seed coats. They then quickly mature and produce flowers, fruit, and seeds. Their individual lives are over when the drought ensues, but their offspring wait beneath the soil for the next rainy season.


Drought avoiders have vegetative parts that stay alive during the dry season, but they are inactive. By keeping metabolic processes and aboveground leaf surfaces to a minimum, they can avoid water loss. Such plants can be drought-deciduous, losing leaves in summer to minimize evaporative surfaces during hot, dry seasons. Other successful drought avoiders are perennials with some vegetative parts, such as a bulb, surviving underground during the hot, dry seasons.


Drought endurers remain alive and metabolically active during drought. Some adaptive features include hairy leaf surfaces that can trap humidity and form a moist boundary layer to minimize evaporation. A waxy or gummy coating on leaf surfaces also traps moisture in the leaf. Many desert species have either very small leaves or larger leaves that are divided into smaller leaflets. This effectively minimizes leaf surfaces from which water can evaporate. Plants with green stems don’t need water-evaporating leaves at all, since the stem carries on the photosynthesis. Many desert plants have tough, fibrous tissues in their leaves, which prevent wilting when water is lacking. There are also anatomical adaptations such as the stacking of multiple layers of photo-synthetic cells into small leaves; in areas with greater moisture availability, usually only one such layer is present. The stomates are located only on undersurfaces of leaves to avoid wind that increases evaporation rate, or the stomates may be sunken into hollows to keep them from direct contact with wind. Often these sunken stomates have hairs surrounding the hole to trap moisture. Some grasses have special cells on the upper surface called bulliform cells that will lose water during drought, allowing the leaves to fold or curl to trap humidity. The roots of some species may go very deep to tap ground-water or spread very far to collect as much surface water as possible in a short amount of time when it is available. Some species access a nearly constant water supply in this manner. These are called phreatophytes. There are also physiological adaptations to drought. Some plants open their stomates only at night, when the temperature is lower, to reduce evaporation. In this case the carbon dioxide that is needed for photosynthesis enters at night and is stored until morning when light is available. This is called crassulacean acid metabolism.


Some heat-tolerant plants, called C4 plants, use an enzyme for photosynthesis that is very efficient at high temperatures, while most other plants (C3 plants) use a less efficient enzyme. Examples of C4 plants include many native grasses as well as the competitive, introduced, and invasive grass species. The annuals that come up only following summer rainfall are also mostly C4 species.


Plants that have adaptations to salty conditions are called halophytes. Some halophytic species, such as saltgrass (Distichlis spicata), can tolerate high salt concentrations by secreting salt from leaves and stems. Other species, such as the iodine bush (Allenrolfea occidentalis), can store excess salt in organs and tissues until those parts die and fall off.
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