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PREFACE



Welcome to the Sonoran Desert


Known around the world for its saguaros, spectacular sunsets, and vibrant borderland culture, Tucson is the gateway to the Sonoran Desert for many travelers. This book guides you through that portal to the northern reaches of the Sonoran Desert, one of the most biologically and culturally diverse deserts in the world, with explorations of Tucson, Southern Arizona, and beyond. Whether you live in the area or are visiting for a few days, the Sonoran Desert is a sensory cornucopia of extraordinary sights, sounds, stories, tastes, and scents found nowhere else in the world.


The Sonoran Desert sprawls over some 120,000 square miles (320,000 square km) across two countries, five states, and at least seventeen Indigenous nations and ancestral lands. It is home to about 130 species of mammals, more than 500 kinds of birds, and about 20 amphibians and 100 reptiles. It even hosts 30 native freshwater fish in precious rivers, streams, and springs. Approximately 2500 species of native plants occur within the Sonoran Desert proper (the olive green section of the map here), a considerable portion of the more than 4000 that occur in the broader region, including Arizona, Sonora, Baja California, Baja California Sur, and southeast California. At the center of the region is the deep and narrow Gulf of California, a subtropical sea so rich in biological diversity it was called “the world’s aquarium” by famed oceanographer Jacques-Yves Cousteau.




[image: A landscape of the Sonoran desert featuring various cacti, with a hill and a colorful sky in the background.]

Summer storm clearing over Brown Mountain in Tucson Mountain Park







[image: Silhouettes of cacti and desert plants in the Sonoran desert against a colorful sky at sunset.]

Saguaros and ocotillos silhouetted by a Sonoran Desert sunset







[image: A group of people walk along a trail in a desert landscape with cacti and yellow flowering plants. A tall structure with a bird flying above it appears in the foreground.]

The museum has about 2 miles of trails.





The Sonoran Desert challenges the pervasive stereotype of deserts as stark, desolate landscapes where life struggles to survive. Rather, plants, animals, and cultures thrive here due to remarkably creative adaptations to the challenges and extremes of the environment. In fact, the diversity of some groups of animals—such as our super-pollinators, the bees—peaks in the Sonoran Desert and similar climates around the Mediterranean Sea.


The authors of this book are scientists and educators at the Arizona-Sonora Desert Museum, an excellent starting place for any exploration of the region. Located in Tucson, the museum is a zoo, botanical garden, natural history museum, aquarium, and art institute that provides visitors with a glimpse of the various biomes, animals, plants, geology, and cultures they may come across in the area. Admittedly, we are all Sonoran Desert superfans, and we hope you’ll be inspired by our love and appreciation for this place as you take some of our recommended adventures and learn about the plants and animals you encounter.


What you’ll see is a moment in a continuum of change. Ten thousand years ago, the people of this area lived among pines, junipers, scrub oaks, and Joshua trees. The saguaro cactus forests of today took root about 1000 years later. More recently, people are impacting environmental change at a much faster pace, as you will discover on some of the adventures. In that sense, the Sonoran Desert, unique though it is, faces the same major challenge as other ecosystems around the world—rapid loss of biodiversity spurred by human activity. We hope your explorations of the Sonoran Desert will motivate you to support and get involved in efforts to slow the loss of biodiversity in whatever part of the planet you call home.




[image: Coastal landscape featuring rocky cliffs and calm water. A bird is seen flying above the water, with cacti in the foreground.]

Where the Sonoran Desert meets the sea







[image: Close-up of a desert tortoise's head, showing its textured skin and eye, with its shell in the background.]

Desert tortoise







[image: A desert landscape featuring multiple cacti and shrubs, with mountains in the background. Part of the landscape is illuminated by sunlight. ]

Fruiting saguaros stand above other cacti and a variety of shrubs.







[image: An exhibit of a cave interior featuring replicas of numerous stalactites and stalagmites, with a small pool of water at the bottom. The cave is illuminated by artificial lighting.]

Cave exhibit at the Desert Museum







[image: A person stands with a barn owl perched on his arm at an entrance gate. Two people stand beside him. A sign above reads "Arizona-Sonora Desert Museum." More visitors are in the background, beyond the ticket barriers. ]

Visitors stop to admire a barn owl.

















[image: Part One. Setting the Stage: Sonoran Desert Essentials.' Featured are illustrations of a bird, cacti, and half a pomegranate. ]


















[image: A desert landscape featuring sparse vegetation, bare mountains in the background, and a clear sky with scattered clouds.]

















THERE’S NOTHING AVERAGE ABOUT THE SONORAN DESERT
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FROM LOW-LYING COASTAL PLAINS to soaring mountain ranges, the varied geography of the Sonoran Desert sets the stage for its impressive biological diversity. The region sits between two continental-scale mountain ranges—the Rocky Mountains to the north and the Sierra Madre Occidental to the south—and exhibits biological influences from both. The landscape undulates through alternating mountains and valleys, with elevations from sea level to over 10,000 feet (about 3 km). This accounts for a wide variety of climatic conditions in close proximity to each other and the occurrence of plants and animals that are highly adapted to these conditions. Within a couple of hours, you can travel from arid desert plains through scrublands and grasslands to oak woodlands and evergreen forests. A one-hour drive from the Tucson valley to the top of neighboring mountains traverses a sweep of climate zones and biodiversity akin to driving from Mexico to Canada.


From any street corner in Tucson, you’ll see mountains in every direction. Before long, the distinctive contours of each range become so identifiable that you can readily navigate by them. From higher elevations, the repeating pattern of alternating mountains and valleys is evident, stretching as far as the eye can see. One geologist compared an aerial view of the region’s topography to “an army of caterpillars crawling northward from Mexico.”




[image: Map showing various deserts and other ecological regions in the southwestern United States and northwestern Mexico, including Great Basin Desert, chaparral and coastal scrub, oak woodland and pine forest, the Sonoran Desert, the Mojave Desert, grasslands, tropical deciduous forest, thornscrub, and the Chihuahuan Desert. ]






[image: Aerial view of Tucson with various buildings and structures, set against a mountainous backdrop. The scene includes highways and urban development.]

Tucson viewed from Sentinel Peak (“A” Mountain), with Santa Catalina Mountains in the background





Southern Arizona is part of a large geological province known as “Basin and Range,” which stretches from southeastern Oregon into northwestern Mexico. The whole region has been stretched and extended by plate tectonic forces, causing the Earth’s crust to crack into multiple slivers, like the brittle chocolate coating on a caramel candy as you stretch it apart.


Sky Islands


Southeastern Arizona and northeastern Sonora are crossed by approximately 65 separate mountain ranges. The cooler, wetter, forested mountaintops are isolated from one another by a “sea” of desert and grasslands, hence their designation as “Sky Islands.” These mountain ranges provide stepping stones for high-elevation species to “hop” south from the Rocky Mountains or north from the Sierra Madre, thereby creating an especially diverse assortment of plants and animals throughout the Sky Island region. Though wings or wind may carry some species from peak to peak, most rely on grassland and desert corridors for safe passage.




[image: Map showing the Basin and Range region in the southwestern United States, with labeled cities including Reno, Salt Lake City, Flagstaff, and Tucson, along with surrounding geographical features including the Columbia Plateau to the north, Colorado Plateau to the east, Sierra Nevada mountains to the west, and the Sierra Madre Occidental and Sierra Madre Oriental to the south. ]

Basin and Range Province Map







[image: Map showing the mountain regions of southeastern Arizona including Catalina, Galiuro, Pinaleño, and Rincon to the north around Tucson; Sierrita and Baboquivari to the west; and Patagonia, Huachuca, and Mariquita to the south around Nogales. Surrounding rivers include Sata Cruz and San Pedro. ]

Mountain ranges of the Sky Islands region







[image: Diagram illustrating the rain shadow effect, showing warm, moist air rising, cooling, and causing rain on one side of a mountain, while dry air leads to arid conditions on the other side.]

Mountain ranges wring water out of clouds that rise to pass over them, forming a dry zone, or rain shadow, on the far side.







[image: A desert landscape featuring basins with numerous cacti on rolling hills and mountains in the background with a clear sky above.]

Alternating basins and ranges as far as the eye can see





In the northern reaches of the Sonoran Desert, around Tucson, the basins bottom out at about 2500 feet (762 m), and the surrounding mountains soar up to 9500 feet (about 3 km). With increased elevation, temperatures cool considerably—the average temperature difference between central Tucson and the top of the tallest nearby peaks is 30°F (17°C). As air rises over these ranges, it cools, and any atmospheric moisture may condense as dew, rain, or even snow in winter. These mountains help extract water from moist air masses coming from the Gulf of California or Pacific Ocean, forming clouds that bring life-giving rain to their peaks and sometimes the surrounding lowlands. Some of the precipitation runs in streams from the mountains through washes, feeding riparian (streamside) habitats and eventually sinking into the soil to replenish the groundwater.


Cooling temperatures and the associated precipitation establish conditions for distinct communities of plants and animals at different elevations. Biologists recognize about eight distinct biotic communities on the mountainsides of Arizona’s highest Sky Islands: desertscrub, desert grassland, oak-grassland, oak woodland, chaparral, pine-oak woodland, pine forest, and mixed conifer (or fir) forest. In the heat of summer, this range of temperatures offers relief for humans who can shift to higher-altitude hikes and picnic spots. On a seasonal basis, many other animals also move up and down the mountains in search of water, food, or favored temperatures.


Over time, this variety of environmental conditions has allowed plants and animals to survive major changes in climate. For example, some species that inhabited the warmer valleys during the last ice age have since relocated to higher elevations as the climate has warmed. This process continues today. In 2013, researchers from the Desert Museum and the University of Arizona showed that the elevational ranges of many plant groups were moving up Mount Lemmon, the mountain north of Tucson, in response to a warming climate.


What is a Desert?


Although many people imagine deserts to be expanses of lifeless sand dunes, the designation actually describes a broad range of landscapes. The Sonoran Desert, in fact, does include some dune fields, but most of it looks more like a sparse shrubland with a profusion of cacti and shrubs providing food and shelter for a great variety of animal life. A common definition of desert is a place that receives fewer than 10 inches (25.4 cm) of rainfall per year, which is true for most of the Sonoran Desert. In the northernmost stretch near Tucson, the average rainfall is a bit higher, between 11 and 12 inches (about 28 to 30.5 cm) annually. However, rainfall alone is not enough to make this determination. For example, the north slope of Alaska receives less than 10 inches of rain, but this tundra is definitely not a desert.


A better definition of desert takes into account the water lost to the air by evaporation and transpiration (water loss through plants). Using this measure, the climate of Tucson can evaporate about five times more water than falls in rain every year (an aridity ratio of 5:1), right on the boundary between arid and semiarid climates. Farther south and west in the Sonoran Desert, near Yuma, Arizona, where rainfall is only 3 inches (7.6 cm) per year, this ratio is about 30:1. For comparison, in the interior of the Sahara Desert, the ratio is 600:1.


The common denominator of all deserts is extreme aridity where water is only freely available for short periods after rains; most of the time, lack of water is the primary limiting factor to the proliferation and nourishment of life. This might lead to the assumption that desert plants and animals struggle to survive. However, this couldn’t be further from the truth. Most of the species found in deserts require an arid environment for their survival. They are so well-adapted to their environs that they would not do well if water was suddenly abundant—as many cactus gardeners have inadvertently discovered. Deserts are also lands of extremes, where daily temperatures can fluctuate 40 degrees F (22 degrees C), and long dry periods are punctuated by rare storms that bring flash flooding. The plants and animals that live here all have strategies to cope with these highs and lows.




[image: Close-up of an owl peering out from a hole in a saguaro cactus. ]

This elf owl finds relief from the heat or cold in its saguaro cavity nest.





North American Deserts


The Sonoran Desert is one of four deserts in North America, clustered in the southwest United States and northwest Mexico. Northernmost and at the highest elevation is the Great Basin Desert. It has very cold winters, restricting the growing season to summer. Vegetation here is dominated by low, small-leafed shrubs, such as big sagebrush. The Mojave Desert is shaped mostly by its winter rainy season. The dominant perennial plants are low shrubs, though annual wildflowers unfurl carpets of color after a rainy winter. Few trees and succulents are found here, with the exception of the Joshua tree, a tall, branched yucca that forms extensive woodlands above 3000 feet (914 m) in elevation. The Chihuahuan Desert is the southernmost North American desert, but its relatively high elevation keeps it cooler than the Sonoran Desert and hard freezes are common. Its plant community is made of many species of low shrubs, succulents, and small cacti, with occasional trees. Most of its rainfall occurs in the summer months.


In comparison to its neighbors, the Sonoran Desert is lush. Small trees (such as ironwood, palo verde, and mesquite) and large columnar cacti (such as saguaros and organ pipe) dominate the visual landscape and differentiate it from the other three deserts. The amount and seasonality of rainfall as well as the rarity of hard freezes make this interesting assembly of plant types possible. Much of the area gets both winter and summer rains. From December to March, storms originating in the North Pacific Ocean bring occasional gentle and widespread rains. From July to mid-September, moist air surges northward from the Gulf of California, helping fuel intense thunderstorms accompanied by localized deluges and flooding. The two rainy seasons are so distinct that residents of Sonora, Mexico have different names for them—the winter rains are equipatas (derived from quepa, the Yaqui-Mayo word for rain) and the summer rains are las aguas (Spanish for “the waters”).




[image: A hillside covered with yellow brittlebush flowers and tall cacti scattered throughout the landscape.]

Yellow brittlebush blooms cover a hillside in spring.







[image: An area covered with brittlebush and penstemon flowers among a variety of cacti in a desert landscape. ]

Brittlebush and penstemon dominate this spring wildflower display.







[image: Map showing the world's desert regions across North America, South America, Africa, Europe, Asia, and Australia.]

Global map of the world’s desert regions





Like most deserts in the world, the Sonoran, Mojave, and Chihuahuan Deserts are located at or around 30 degrees latitude. This is a zone where global atmospheric circulation drops dry air that has already lost its moisture in tropical and polar storms. In addition, these deserts are near the west coast of the continent, where cold ocean currents keep the air above them relatively dry and cool. Finally, with the exception of some of the Sonoran Desert, most of these deserts are inland and separated from the ocean by both distance and mountain ranges. Storms traveling eastward from the Pacific are forced up and over coastal ranges where air masses cool and drop most of their water before getting to the deserts. Most of the North American deserts are in a rain shadow, a dry area caused by coastal mountain ranges obstructing rainy weather. However, this is only true for part of the Sonoran Desert.


In addition to the planetary wind patterns that helped create and sustain the Sonoran Desert, an important regional climate feature is the North American monsoon. Like its more famous cousin, the South Asian monsoon, it is a seasonal shift in winds that brings heavy rains or extreme dryness. During most of the year, the prevailing winds over the Sonoran Desert come from the west and are dry. However, in early summer (May–June), the land surface in this region heats up, forming a dome of high pressure and causing the wind patterns to shift to a more southerly source. These winds pick up moisture from the Gulf of California that feeds summer thunderstorms over much of the Sonoran Desert from about July until mid-September. During this season, Northwest Mexico receives about 75 percent of its annual precipitation; in Arizona and New Mexico, it’s about 50 percent. The proximity of the warm surface waters of the Gulf of California is a key factor in bringing summer rains to the region.
















[image: Silhouettes of tall cacti against a starry sky with a hint of the Milky Way.]

















DEEP HISTORY OF THE SONORAN DESERT
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PEOPLE TEND TO THINK OF HISTORY in terms of human lifetimes or, in textbooks, centuries. It’s difficult to fathom the deep history of geologic time, measured in millions and even billions of years. However, this time frame encompasses the geological events that explain why our landscapes are the way they are today and have shaped the features and resources that impact our daily lives. It also gives us important clues about how our environments may respond to the changes we are making to our planet today.


We have seen how the presence of mountain ranges and the Gulf of California have influenced the development of the Sonoran Desert climate and its biodiversity. How did they come to be? How have they changed over time? What other factors have influenced the development of this unique assembly of plants and animals?



Making and Moving Mountains



We’ll begin our story about 75 million years ago, when the region we now call the Sonoran Desert was part of a large mountain belt system. The entire region sat much higher than it does now, perhaps at 13,000 feet (about 4 km) or more, like the Altiplano of the Andes mountains of South America today. The collision of the western edge of North America with an ancient ocean plate dramatically compressed the region, creating a broad, high mountain range. To visualize this, imagine North America as a mass of cookie dough and your hands compressing it from the sides into a tall, wide, ridged form. About 45 million years ago, North America began overtaking a zone of hot rising magma that heated the whole region and fed volcanoes throughout the landscape. The Chiricahua Mountains are the remnants of one of these volcanic explosions.


Then about 25 million years ago, the ancient ocean plate was completely subsumed under the North American continent, and the pressure from the west eased. The intense pressure was replaced by a slippery fault zone, which evolved to be what we now know as the San Andreas Fault. Over millions of years, the high mountains collapsed and spread out under their own weight, heated from below, much like a scoop of cookie dough spreading flat in the oven. Thankfully cookies don’t take that long to bake!


Finally, about 12 to 4 million years ago, the land mass cooled and, as it continued flattening, the upper layers of the crust cracked into the basins and ranges that formed the Sky Island mountains. This happened gradually, earthquake by earthquake, stretching the land surface to double its length. If Los Angeles and Tucson existed 30 million years ago, they would have only been a four-hour rather than an eight-hour drive apart. Today’s mountains are not quite as tall as they once were. However, the deep basins between them offer a greater variety of elevations and habitat diversity than 30 million years ago.


Over that period, the mountain peaks have slowly eroded, shedding sediment into the basins. Many valleys in the Sonoran Desert region are filled with more than 10,000 feet (3048 meters) of sediment. These huge basins of unconsolidated sand, clay, pebbles, and other debris provide another critical resource for life in the Sonoran Desert—groundwater. Inch by inch, rain and snow that was not immediately used by plants or evaporated seeped into the spaces within the accumulated sand and debris, forming aquifers that could nourish deep tree roots and feed rare but important streams. These aquifers have been especially important for supporting human life in the region, providing groundwater that could be mined or retrieved from sunk wells to support our settlements, agriculture, and industry.




[image: Diagram illustrating how the Basin and Range Province formed when the high mountains collapsed and spread out under their own weight owing to the upwelling heat from below. ]

The Basin and Range formed as upwelling heat caused the Earth’s crust to stretch thin, and crack, like cookie dough in a hot oven.





Opening of the Gulf of California


Around 6 million years ago, the tectonic forces tugging the crust apart managed to pull a sliver of North America onto the Pacific Plate. A crustal spreading center known as the East Pacific Rise slipped under the continent and “stole” (essentially, repositioned) the land, creating what is now the Baja California peninsula and much of western California. On many maps, this land is depicted as part of North America, but on a geological map, it is shown to be part of an entirely different plate, moving northwest with respect to the rest of the continent at about 2 inches (5 cm) per year, or about as fast as your fingernails grow.


The San Andreas Fault, 800 miles (1288 km) long, separates the Pacific and North American plates here. At the south end of this fault, in the Gulf of California, new ocean crust is forming and slowly pushing the Baja California peninsula away from mainland Mexico. This new ocean basin is one of the youngest in the world and brings life-giving water vapor to much of the Sonoran Desert through monsoon rains. Without it, the Sonoran Desert would be very different.


Earthquakes


Except for the major influence of San Andreas Fault activity, the Sonoran Desert is seismically quiet, with discernable earthquakes only once every few decades. The last major earthquake in the Tucson area occurred on May 3, 1887 at 2:15 p.m. That afternoon, the earth’s surface ruptured with an estimated magnitude of 7.2 on the Richter scale about 20 miles (32 km) south of Douglas, Arizona, near the village of Bavispe, Sonora. It cracked plaster walls in Tucson and El Paso, Texas; knocked over an adobe wall at the Spanish cemetery at Mission San Xavier del Bac near Tucson; and stopped large pendulum clocks in Phoenix. More tragically, it was responsible for 51 deaths in Mexico.


Tucson residents first thought the large clouds of dust and forest fire smoke rising above the crest of the Santa Catalina Mountains were due to an erupting volcano, but the fires were ignited by falling boulders crashing together and causing sparks on the dry hillsides. Tohono O’odham residents in the village of Pan Tak below Kitt Peak reported a massive rock fall. Geysers of water shot up from the flood plain of the San Pedro River while other streams and springs throughout the region either dried up or initiated flow. An estimated 50,000 cattle died that year in the San Pedro River valley as a direct result of wildfires or later starvation.


Volcanoes


There have been two contrasting styles of volcanism in the Sonoran Desert in recent geologic time. An intense volcanic episode from about 40 to 20 million years ago produced thick, viscous magmas, exploding from the Earth’s surface in large eruptions of gas and ash (as in the 1980 Mount St. Helens eruption in Washington State). In contrast, volcanic activity during the last 10 million years or so initiated thinner, more syrupy lavas that rose up along deep cracks in the earth and formed basalt flows on the surface.


One of these basaltic eruptions formed the Pinacate field, just north of Rocky Point, Sonora, Mexico, and has become an international showcase of natural history. The field contains a central 4000-foot (1219 m) stratified volcano composed of multiple lava flows and ash layers, surrounded by approximately 400 outlying single-eruption basalt cinder cones and flows and 10 unusual steam-blast explosion craters, some with diameters greater than a mile (1.6 km). These unusual craters owe their explosive origin to the rising magma contacting water-saturated sediments, which adds the force of steam blasts to the normal volcanic fountain.


Life History: The Fossil Record


The tumultuous geological spectacle—mountains building, ripping apart, and eroding; a new ocean opening; volcanoes erupting—merely sets the stage for the evolution of the modern Sonoran Desert. Climate events and the expansion of the biosphere advance the drama into the present day. When we started our story 75 million years ago, near the end of the age of dinosaurs, the Earth was much warmer than it is today, and humid temperate evergreen and tropical rainforests covered most of North America. The fossil record reveals that primitive ferns, cycads, and palms grew as far north as Alaska.


During the next 25 million years, the area that would become the Sonoran Desert dried out somewhat, and tropical deciduous forests (comprised of trees that shed their leaves annually) appeared. During dry seasons, leafless trees allowed sunlight to reach the forest floor. This introduced new habitat conditions and supported the evolution of new species, such as cacti and succulents. Global temperatures were more than 23°F (13°C) higher than today, encouraging the dispersion of tropical plants and animals throughout North America. Something like today’s Sonoran Desert came into being 8 to 15 million years ago during a dry period, and the region continued to be warm and tropical until the start of the Ice Age, 2.6 million years ago. This tropical heritage is still evident in the mix of Sonoran Desert species today—consider the columnar cacti (saguaro, organ pipe, senita) and small trees (desert ironwood, palo verde) surrounding you on a desert walk.


During the Ice Age (or the Pleistocene Epoch, occurring 2.6 million to 11,000 years ago), the Earth cooled dramatically. There were approximately 20 periods of glaciation in which polar ice expanded toward the equator and global temperatures were 10°F (5.5°C) cooler than today. At its maximum extent, ice covered about 30 percent of the globe. Mountain glaciers covered the peaks of the Rocky Mountains and Sierra Nevada in the Western United States, extending as far south as the Sierra Madre del Sur in southern Mexico. Lakes that are now dry were full.


Thanks to the humble packrat (or white-throated woodrat), we know a fair bit about plant communities during the last glacial cycle, about 45,000 to 11,000 years ago. These rodents collect all sorts of plant material from their environment, not only for food but also to build elaborate shelters that protect them from predators and the elements. Some of these materials get cemented together in their middens (waste piles of urine and fecal matter). Their sticky urine coats their refuse, preserving the waste into hardened blocks of leaves, sticks, pollen, bones, rocks, and anything else the packrat left on the trash pile, leaving a record of the plants and animals that lived in these areas 40,000 years ago.


Examining middens is not for the squeamish, and today’s committed scientists have learned that about 45,000 to 11,000 years ago, what is now the Sonoran Desert was dominated by woodland trees and shrubs, such as pinyon pines, junipers, and shrub live oaks. Joshua trees, a form of yucca, were also common, while heat-tolerant desert plants were present only at low elevations and farther south, or in rare, protected pockets. The Sonoran Desert as we know it today did not form until about 9000 years ago as woodland plants retreated upslope and northward. About 4500 years ago, palo verdes and desert ironwood trees as well as organ pipe cacti made their way north from their Ice Age retreats. The region cycled back and forth between desert and woodland ecosystems repeatedly throughout the Pleistocene, though it was characterized by cooler climates and vegetation most of the time. The Sonoran Desert only looked as it does today for about 5 percent of the last 2.6 million years.


Throughout North America and in the Sonoran Desert, the Ice Ages were marked by the proliferation and eventual demise of a menagerie of mega-mammals. Animals such as antelope, bear, camels, llamas, saber-toothed cats, dire wolves, bison, and horses were common. Giant anteaters, capybaras, and ground sloths migrated to North America from South America over the Panamanian land bridge during this time. Mammoths, hyenas, and jaguars arrived via a Eurasian land bridge. Exactly why most of these species became extinct at the end of the last Ice Age, about 11,000 years ago, is still an unresolved scientific question. There are two main hypotheses: (1) hunting by humans, who arrived in the Americas around the same time, or (2) changes in climate and vegetation. Proponents of each idea continue to gather data as new fossils and new dating techniques emerge. It is one of many remaining mysteries in our quest to fully understand how the natural world has changed over time and how humans have impacted that change.




[image: Close-up of a rock overhang sheltering a collection of packrat midden on the ground, with larger boulders positioned nearby. ]

Packrat midden



















[image: A desert landscape featuring sparse vegetation and scattered trees, under a cloudy sky with distant mountains visible in the background.]

















ALL THE WORLD’S BIOMES
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ONE OF THE REMARKABLE THINGS about the Sonoran Desert region is that within little more than a day’s drive, you can travel from warm tropical forests to cool coniferous forests, passing though grassland and woodland—you can even stop for a dip in the ocean. These adjacent biological communities all help shape the Sonoran Desert as plants and animals move across porous boundaries among these biomes.


A biome is a large area that is characterized by the plants and animals that live in it; tropical rainforest and tundra are examples. Because plants are the most visible and constant parts of a biological community, ecologists classify biomes based on their vegetation. However, biomes do contain characteristic animal life as well. Several biomes have been described across the globe, and most are represented in the Sonoran Desert region.




[image: Diagram illustrating vegetation zones on a mountain between two thousand and ten thousand feet. Vegetation in north-facing slopes include mixed conifer forests at ten thousand feet followed by pine forests, pine-oak woodlands, oak woodlands, oak grasslands, desert grasslands, and finally desert scrub between two and three thousand feet. South-facing slopes mainly consist of chaparral regions. ]

Vegetation types change dramatically as temperature drops and moisture availability increases up the mountains.





We’ll use vegetation types to describe these biomes as well as many of the landscapes in our recommended adventures. Here’s a brief primer on plant life forms. Most of these are common terms, but biologists sometimes use them in particular ways.




	
Annual plants complete their life cycle, from germination to seed production, within one growing season and then die.



	
Coniferous trees are cone-bearing and keep their needle-shaped leaves throughout the year.



	
Deciduous trees drop their leaves during the cold and/or dry season.



	
Grasses have narrow leaves, hollow stems, and clusters of very small, usually wind-pollinated flowers.



	
Herbaceous plants (herbs) are non-woody plants that have flexible green stems with few or no woody parts.



	
Perennial plants live for more than two years. They may die back seasonally, but will resprout from roots when conditions are favorable.



	
Shrubs are woody plants that are typically less than 13 feet (about 4 m) tall and have multiple stems.



	
Succulents are plants that can store water in their leaves and stems. Cacti, native to the Americas, are succulents with thick fleshy stems and spines instead of leaves.



	
Trees are woody plants that are generally more than 12 feet (3.7 m) in height and have one central stem.



	
Woody plants have hard stems and buds that survive above ground in winter.







Tundra



Occurring near the Earth’s poles and on some mountaintops, tundra is the coldest biome. Extremely frigid winters limit plant life to ground-hugging woody shrubs and perennial herbaceous plants. Tundra is too cold for trees or succulents, and the growing season is too short for annual plants.




[image:  A rocky terrain overlooking a valley with trees and a road in the distance. A wooden sign reading "Fragile Tundra. Stay on trail." appears in the foreground.]

Tundra in the San Francisco Mountains in northern Arizona







[image: A panoramic view of a mountainous landscape with a dense coniferous forest under a partly cloudy sky. Rocky formations appear in the foreground.]

Coniferous forest on Mount Lemmon





Where can you find tundra in the Sonoran Desert region? The San Francisco Peaks near Flagstaff, Arizona reach 12,600 feet (about 3840 m). There, only 45 miles (72 km) from the northernmost saguaros, a small area of alpine tundra includes some of the same plant species one can find in the arctic tundra of Alaska.


Coniferous Forest


Coniferous forests are dominated by pines, firs, and spruces. Many conifers can tolerate cold that’s just a little less severe than in tundra. In the coldest forests near the tundra boundary, trees may be relatively short, only several feet (a couple of meters) tall. In warmer conditions, these trees may tower over 300 feet (90 m).


In the Sonoran Desert region, coniferous forests grow on higher mountain ranges to the north and east of the Sonoran Desert proper. Most of the trees found in these forests are the same as those found in the Rocky Mountains to the north.



Temperate Deciduous Forest



Temperate deciduous forests are generally characterized by dense stands of broad-leaf trees that lose their leaves in winter. Winters are milder than in conifer-dominated climates, but still too cold for plants to grow. Summers are usually warm and humid. Temperate deciduous forests are home to more species than the two colder biomes. In addition to trees, there are many herbaceous plants and shrubs. Pure temperate deciduous forest is rare in the region and found in scattered groves of aspen and ribbons of riparian trees (such as cottonwood) alongside streams.




[image: A forest scene with deciduous trees displaying autumn foliage, featuring a mix of vibrant leaves and a clear blue sky. Sunlight filters through the branches.]

Deciduous trees on Mount Lemmon





Mountain slopes in the Sonoran Desert region are wooded with a mix of coniferous and temperate deciduous forest tree types, mostly oaks and pines. These oaks, however, are evergreen species, holding onto their leaves except in the most severe droughts. This mix of species is derived from the temperate forests of the Sierra Madre Occidental in Mexico, where temperate and coniferous forests are confined to Sky Island mountains that rise well above the arid deserts and grasslands of the intervening basins.


Grassland


Grassland is a semiarid biome with warm, humid, moderately rainy summers and cold, dry winters. Not surprisingly, grass is the dominant life form—scores of species form continuous carpets over large areas. Annual plants are also well-represented, including those that grow from bulbs and die back to the ground each year. Trees, shrubs, and succulents are kept to a minimum by periodic fires.


Desert or semi-desert grasslands differ from the true prairies of the American Midwest. They are shorter, less dense, and more frequently interspersed with desert shrubs and succulents. Desert grasslands are mostly found to the east of the Sonoran Desert proper.




[image: A landscape featuring grasslands among rolling hills with sparse vegetation and scattered trees, under a cloudy sky with distant mountains in the background.]

Grasslands flanking the Santa Rita Mountains







[image: Rock formations rise prominently, against a partly cloudy sky, in a natural landscape with sparse vegetation and a dirt path. ]

California chaparral







[image: A mountain range with rocky peaks above a desert area. The landscape features a variety of shrubs. ]

Sonoran Desert inland chaparral





Chaparral


Chaparral is a semiarid biome that occurs on the west coast of every continent between about 30 and 40 degrees latitude. It is known for mild, moist winters and hot, dry summers, much like a Mediterranean climate. Chaparral plants are woody evergreen shrubs with small leathery leaves. They form impassable thickets 5–8 feet (1.5–2.4 m) tall. During the long summers, resinous leaves and dry woody stems become explosively combustible, and wildfires raze large areas to the ground every few decades. These periodic fires are necessary for maintaining the health of this biological community. After a fire, annual species make a brief showing, but the land is soon reclaimed by the shrubs that sprout from seeds or roots.


The main area of chaparral in the Western United States occurs on the western slopes of the mountains along the Pacific Coast in Southern California and northern Baja California. Within the interior Sonoran Desert, there are small patches of chaparral along the desert’s northern edge and on the slopes of Sky Islands where manzanita and shrub live oak grow.




[image: A vast desert landscape filled with numerous cacti and shrubs, with distant mountains in the background. ]

Desertscrub in Ironwood Forest





Desert or Desertscrub


Desert/desertscrub is the most arid biome. For most of the year, vegetation is constrained by the lack of water. Temperature and seasonality of rainfall determine the specific types of plants and animals that can survive, but all desert vegetation looks fairly similar. Because leaves increase water loss, plants have few or no leaves. Vegetation is also widely spaced—you can easily walk off-trail through the desert, picking your way between plants. More detailed descriptions of the special features of deserts are provided in “Adaptations to Desert Living” (here).




[image: A tall thornscrub with multiple arms stands prominently in a desert landscape, surrounded by smaller cacti and dry vegetation with mountains in the background.]

Thornscrub in Baja California





Thornscrub


Thornscrub is an intermediate biome between desert and tropical forest. The vegetation is mostly short trees (10–20 feet/3–6 m tall), shrubs, and, in the Western Hemisphere, abundant cacti. It is generally more dense and taller than desert vegetation, and many species are thorny. A practical definition of thornscrub is an impenetrable thicket that you cannot walk through without scratching your skin or tearing your clothing. Annuals, herbaceous perennials, and vines are also abundant. Most perennial plants will drop their leaves during the dry season but grow lush during the short rainy season. The climate is nearly frost-free, and the seasons are determined more by varying rainfall than temperature. The Sonoran Desert merges gradually into thornscrub to the south in central Sonora.




[image: A wooden sign indicating 'Parque La Colgada' stands at the entrance of a path surrounded by dense vegetation and trees.]

Tropical deciduous forest near Álamos, Sonora





Tropical Forest


Tropical forest is defined by the absence of freezing temperatures and the occurrence of ample rainfall for at least part of the year. While tropical rainforests are never stressed for water, some tropical forests have a dry season. Tropical deciduous forests, which occur in the southern Sonoran Desert region, have a dry season that lasts from three to nine months, during which time the trees shed their leaves. Many trees flower in the winter–spring dry season, even while leafless, and are shorter than trees in tropical rainforests, where the canopies can be 150 feet (46 m) or higher.


During the rainy season the vegetation is luxuriant, forming closed canopies of foliage 15–35 feet (4.6–10.7 m) above the ground. Almost all plant life forms are present. Flowering epiphytes (plants that grow on other plants or rocks) are a special feature of these habitats. The transition from thornscrub to tropical deciduous forest occurs in the southern part of Sonora. Many of the plants and animals throughout the Sonoran Desert evolved from ancestors in these tropical biomes.


Riparian Communities


Riparian habitats occur where there is water near the surface most of the year. The term riparian strictly refers to the zone along the banks of rivers or streams but is also more loosely applied to shoreline communities along slow or non-flowing waters such as marshes, lakes, and ponds. A riparian community of plants and animals can be found within any biome and is not itself considered a biome.




[image: A narrow river flows through a lush area with dense vegetation and trees on either side. The scene is illuminated by sunlight.]

Santa Cruz River near Tumacácori National Historical Park





These habitats are critically important to maintaining the diversity of life in arid and semiarid environments like deserts and grasslands. They support a wide variety of plants and animals that could otherwise not survive there. These ribbons of green forest also help augment populations of more arid-adapted species in adjacent habitat. Viewed from above, it’s easy to spot them—even a trickle of a stream, if sustained, will support a conspicuous oasis along its banks. Riparian habitats are thought to support 80 percent of all wildlife in the Sonoran Desert at some stage in their life cycles.


Marine Biome in the Desert?


The Sonoran Desert is bisected by the Gulf of California, which helps shape the character of the entire region. This marine biome provides life-giving moisture to summer monsoon storms as well as sustenance to human and other communities along its shores. This long, narrow ocean basin also has extremely high biodiversity due to its shape and location. Twice-daily tides bring nutrient-rich water from the deep Pacific Ocean up to the shallow, narrow northern Gulf with some of the largest tidal ranges in the world—up to 30 vertical feet (9 m). These nutrients feed plankton that serve as the base of the food web for one of the most abundant and diverse marine communities in the world. More than 6000 animal species have been recorded in the Gulf, and this is likely just 70 percent of the actual number of creatures living in its rich waters.




[image: Underwater scene featuring plankton and a school of small fish swimming among them.]

Cabo Pulmo in the Gulf of California near the southern tip of the Baja peninsula





The Gulf is so productive that it provides about half of Mexico’s total fisheries catch and so rich in plankton that groups of finback whales have abandoned their traditional migration routes to take up permanent residence there. With nearly 1000 islands and islets, the Gulf also provides abundant coastlines and diverse habitat for seabirds and marine reptiles, including five threatened or endangered sea turtles, a sea snake, and a crocodile. Although much of the mainland coast has been damaged by urbanization, marina and harbor construction, shrimp aquaculture, and other development, the remoteness of the Baja peninsula and federal protections for the islands have helped to maintain healthy coastal refuges. As in most of the world’s oceans, unsustainable fishing is also a major concern in the Gulf, and most areas are overfished. The good news is that the Mexican government has created many new protected areas, including two marine protected areas where no fishing at all is allowed. Additionally, local fishing communities have been working with scientists and government agencies to implement and certify new sustainable practices (see Adventure to Puerto Peñasco, here).
















[image: A stream flows through a rocky landscape with scattered vegetation and logs. Hills rise in the background, featuring cacti and sparse greenery.]

















DESERT WATERS



[image: ]


DESERT DWELLERS KNOW IT WELL—the seasonal anticipation that comes when the first clouds of the monsoon season gather, and the elation that follows when the skies finally release their precious cargo. Often the first sign that it’s raining somewhere is the distinctive scent of desert rain arising from parched soils and desert plants. Recent research has shown that the feeling of euphoria may be due to more than just knowing that your garden is going to get a good soaking. Many of the compounds released by desert plants have been shown to have health benefits, such as stabilizing emotions, improving sleep patterns, enhancing digestion, and reducing depression and anxiety. These same volatile organic oils are produced by plants as protection from intense sun and aridity, and they build up on leaf surfaces during the hot dry months. Even wind and humidity that precedes a storm can start to release these compounds, enhancing the sense of expectation.


Annual rainfall in the Sonoran Desert varies from 3–20 inches (7.6–51 cm), depending on location, and generally increases with elevation. In the northern reaches of the desert, near Tucson, the long-term average is 11–12 inches (28–30.5 cm). Hermosillo, the major city in Sonora, is just slightly wetter, with 13.9 inches (35.3 cm). Rain falls about equally in two rainy seasons, the first from December to March and the second from July to early September. August, September, and December have traditionally been the wettest months whereas May and June are generally the driest. Winter rains tend to be widespread and relatively gentle, sinking into the relatively soft ground and feeding thirsty plants; summer, on the other hand, often brings violent thunderstorms that fall hard and fast on ground that has been baked solid in the hot dry oven of May and June. However, rain in both seasons is important for different categories of plants and animals.




[image: A cactus in the foreground with a desert landscape and mountains in the background, against a sky with dark rain clouds.]

Monsoon season rain shower over the Altar Valley. Monsoon rains can be intense but very spotty.





Rainfall in the desert is infrequent and also undependable. Sometimes it’s distributed throughout the season in small showers; other times it comes in a few large storms. In the driest parts of the desert, such as Yuma, Arizona, a single storm can produce more rain than typically falls in an entire year. Summer storms are typically spotty with widely varying precipitation, even in locations within the same city. In fact, throughout monsoon season, it’s not unusual to hear Tucson residents complain that the rain seems to fall everywhere except in their neighborhood.


The region’s mountains act as rain collectors, forcing air up, cooling it, and wringing out its water vapor as rain or even snow. After a good rainfall, the normally dry washes and streambeds may flow for a few hours or a few days, sometimes with surprising flash floods. Some of this water seeps into the soil and becomes groundwater, feeding the rare streams and riparian zones. Although these aquatic sites represent only a tiny percentage of land cover in the desert, they play an outsize role in sustaining the variety of plants and animals that can survive here. Even washes that are dry most of the year may collect enough water to support trees such as ironwoods, mesquites, and palo verdes, which border the water source and stand out as a strand of green against the sparse desert. Intermittent streams carrying water from storms or snowmelt support trees like sycamore and ash in the uplands, and cottonwood and willow at lower elevations. Where the water table intersects the land surface, perennial streams support these tree species in denser profusion. Surface water may also occur in marshy areas called ciénagas.


Disappearing Rivers


Riparian areas are the desert’s lifeblood. Covering only a few percent of the total land area, these green arteries traverse the surrounding arid land and provide habitat and migration corridors for many species. Nearly 80 percent of Arizona’s wildlife species, including most of the threatened or endangered animals, depend on riparian areas for food, water, shelter, or migration during some part of their lives. Birds, such as bald eagles, black hawks, and summer tanagers, nest along them; mammals, including beavers, raccoons, otters, and many others, rely on these areas for food, shelter, and water. Riparian corridors also provide shade and cover for many mountain species to move among forested Sky Islands. Aquatic species, such as fish, leopard frogs, garter snakes, and dragonflies, all depend on these desert waters. For people today, riparian areas offer places for recreation—for hiking, riding, cycling, fishing, boating, birding, and more.


Even so, most regional riparian areas have been degraded or destroyed. In Arizona, all the major rivers have been severely compromised and at least 70 percent of rivers and streams have been altered by dams, diversion, and groundwater pumping. A similar fate has befallen the rivers of Sonora. Where dams have restricted or eliminated water flow downstream or where groundwater pumping has caused the water table to drop deep below the surface, riparian forests have disappeared along with their animal inhabitants. Now, as we begin to understand the importance of maintaining the integrity and function of riparian ecosystems, organizations and communities are working to protect and restore what remains while meeting the needs of an ever-growing human population. Special attention and protections have been granted to the few remaining free-flowing rivers, including the San Pedro in the Sonoran Desert.


Tucson’s Water Story


Tucson’s water story illustrates the complexity of water issues in a thirsty land. The Tucson Basin is like a large bathtub—the surrounding mountains are the rim; the deep layers of gravel, sediments, and rock beneath form the basin; and the Santa Cruz River, whose surface and subsurface waters flow to the lowest point of the basin, is the drain. Tucson exists where it does because, over millennia, storm runoff from throughout the Santa Cruz watershed percolated into the aquifer and filled the basin. From recent archaeological excavations near Sentinel Peak (or “A” Mountain), we know that Tucson has been continuously inhabited for at least 4000 years, making it one of the oldest settlements in the United States. Why?




[image: Map featuring the Gila River watershed spread across regions in Arizona and New Mexico along with major rivers including the Gila, Salt, and Santa Cruz. Key cities in the region include Phoenix, Tucson, and Flagstaff.]

Of the major rivers in Arizona, only the Verde and San Pedro are free-flowing. The Gila River watershed is shown in green.





At this spot along the Santa Cruz River, the mountain’s bedrock pushed groundwater to the surface, providing year-round flow that supported a lush riparian woodland where Indigenous people gathered wild foods and used the river’s water to cultivate corn, beans, squash, and cotton. This permanent water source was essential for human life to thrive. The Tohono O’odham called this place of water flow and human habitation Chuk Shon (“base of the black hill,” referring to the foot of “A” Mountain), from which Tucson’s name derives.


Today at this site, the Santa Cruz River is a dry channel, flowing only after rainstorms. What happened? Tucson’s first inhabitants drew water from the river by scooping it out or directing it through narrow canals to irrigate crops (the first appeared around 1200 BCE). In the late 1600s, the Spanish colonizers continued to utilize water in much the same way; they watered their crops through a communal system of acequias (Spanish for irrigation ditches), which directed water from the river through the fields and then rerouted it back to the channel downstream. They also dug shallow wells for municipal use. In the mid-1800s, the population remained small—around 250 people—putting little strain on the water supply, and water was delivered by wagon. What the community used was replaced by rainfall and snowmelt along the watershed.


However, in the 1880s as the population grew and needed more water, people began to pump water from deeper wells and made bigger canals. Larger irrigated farms appeared, undermining the old acequia system. By 1890, a series of drought years were followed by heavy floods that scoured riverbanks, already destabilized by overgrazing and canal building, and deeply eroded the river bottom. This, combined with unregulated groundwater pumping, resulted in the complete disappearance of the Santa Cruz River’s surface waters by the late 1940s.


Human demand for water in the basin continued to far exceed what precipitation could replace. Until the 1990s, groundwater pumped from wells throughout the community was the sole source of water for residential delivery. We now know that that much of this groundwater accumulated 8000–9000 years ago, when the region had a much wetter climate, and that it is not quickly renewable. Tucson was the largest municipality in the United States that relied solely on groundwater. By the latter part of the twentieth century, the consequences of this dependence were clear. The water table surrounding central Tucson’s wells had dropped 200 feet (61 m). Midtown houses developed large cracks as the ground subsided. In the most affected areas, some wells had to be shut down. Similar impacts were felt in towns and agricultural areas throughout Southern Arizona. To address this, Arizona passed the Groundwater Management Act in 1980, which requires that municipal water recharge (replenishment) must equal pumping by 2025. This required Arizona cities to find a new source of water, and they turned their attention to the region’s major river, the Colorado.


Colorado River and the Central Arizona Project


The Colorado River provides water to seven US and two Mexican states in the arid West. It is the most dammed and diverted river in the world, serving some 40 million people and thousands of acres of farmland throughout its watershed. It is so overdrawn by its consumers that it no longer reaches its outflow point in the Gulf of California. Tucson receives Colorado River water pumped along a 336-mile-long canal called the Central Arizona Project (CAP), which was started in 1973 and completed in 1994. The CAP provides Southern Arizona with about 1.5 million acre-feet of Colorado River water per year. An acre-foot is enough water to cover an acre of land with one foot of water, or about 320,600 gallons (1.2 million liters). This system of aqueducts, tunnels, pumping plants, and pipelines begins at Lake Havasu on the Colorado River and ends at the southern boundary of the San Xavier District of the Tohono O’odham Nation southwest of Tucson.




[image: Aerial view of a desert landscape featuring a canal flowing along towns with mountains in the background.]

Central Arizona Project Canal





CAP water is allocated to cities and towns, Native American nations, and agricultural users. In drought years, some of the water is left in the river to maintain safe reservoir levels, and other users take varying cuts based on intensely negotiated rules. At its recharge facility west of the city, Tucson Water has been banking Colorado River water underground since 1996. This helps meet demand when the Colorado River cannot provide sufficient water due to drought years or increasing numbers of users.


For decades, the Colorado River has been overallocated (more demand for water than supply). Until recent years, large dams on the river have held enough water to meet regional demands and mitigate the impact of a shortage. However, since about 2000, the Colorado River basin has been in a long-term drought, significantly reducing river flows and forcing cutbacks in water delivery to states. Tucson is in a good position to weather these cuts and deliver water to residents due to stored groundwater, but some regional farmers have had to contend with cutbacks.
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