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  PREFACE


  For so many years we have hiked and botanized in the mountains of Southern California, especially the San Bernardino Range, and for just as many years we have lamented that nobody has ever written a photographic field guide for that range. The remote idea that we might eventually write such a book eventually took root, and we began to seriously accumulate photographs and to voucher herbarium specimens in order to confirm plant identifications. We proposed the idea to the publisher of Pam’s previous book, Mojave Desert Wildflowers, but we were at first discouraged when they suggested the book cover a much larger area than just the San Bernardino Mountains. Yikes! Even compiling a guide for the San Bernardino Mountains alone seemed like an impossible task, especially since the range has more than 1,600 taxa and we would be allowed to include fewer than 400 of these in the book. The publisher did not back down on their goal of having a field guide to the plants of the mountains of Southern California, and as we explored more and more of the mountain ranges of the area, we could see how many species the ranges had in common. We also became more and more convinced that this book was sorely needed, so we finally agreed to take it on.


  This field guide is the result of miles and miles of hiking the region, days of planning and discussion (and yes, arguing!) over what species and topics should be included, and of course hours and hours of writing, editing, and filtering through photographs. We have attempted to include a comprehensive introduction section that acquaints you with some of the natural history of the mountain ranges, and we have approached this with a conservation perspective. We have tried to include accounts for most of the dominant species that are present in the ranges, but we have also incorporated some of the rare and endemic taxa that make each range unique. Please keep in mind as you use this book that it was impossible to include every species. We hope you can find a plant similar enough to what you have found in the field that you might identify the plant, at least to genus level. Often the comments section will describe other similar species to get you headed in the right direction in further identification of your plant, even though no photo is included.


  Most of all, we sincerely hope this field guide will inspire you to get outside and really get to know and appreciate the natural world around you. It is so much fun to call the plants by name! Look at the details with a hand lens. Take the time to observe pollinating insects and birds, and notice the types of adaptive features that enable these plants to live in the harsh mountain environment. Take your kids. Hopefully they too will grow up to value the precious resources we have available just a short drive away and to understand and recognize the need to preserve these wild mountain plants for future generations.


  —Pam & Tim


  INTRODUCTION


  Geography


  The mountains of Southern California include the Transverse and Peninsular Ranges that surround the valleys of the Los Angeles Basin, Inland Empire, and southern coastal plains of Orange and San Diego Counties (see map, page viii). These ranges physically separate these valleys and plains, the cismontane regions, from the interior and desert regions to the north and east, which collectively are referred to as transmontane regions.


  While the majority of mountain ranges in California are aligned in a north-to-south direction, the Transverse Ranges are so named because of their east-to-west orientation. The peaks are mostly below 5,000 feet in the westernmost portion of the ranges, but they tend to increase in elevation eastward. The central portion of the Transverse Ranges includes Pine Mountain Ridge, a huge agglomeration of connected mountains with several peaks over 8,000 feet. The eastern section has the highest peaks of Mount San Antonio (10,068 feet), also called Mount Baldy, in the San Gabriel Mountains and Mount San Gorgonio (11,503 feet) in the San Bernardino Range.


  [image: Mount San Antonio (also called Mount Baldy), the highest peak in the San Gabriel Mountains, as viewed from Cleghorn Mountain in the San Bernardino Range]


  [image: Mount San Gorgonio, the highest point in the San Bernardino Mountains, viewed from Sugarloaf Peak]


  The Peninsular Ranges trend southeast from their northernmost and tallest peak, Mount San Jacinto (10,834 feet), and south through Baja California, Mexico. South of Mount San Jacinto, major peaks include Toro Peak (8,716 feet) in the Santa Rosa Mountains, Santiago Peak (5,689 feet) in the Santa Ana Mountains, Palomar Mountain (5,818 feet), and Hot Springs Peak (6,536 feet) in the Cuyamaca Mountains.


  Since this book is about the plants of the higher mountains of Southern California, the major focus will be on the San Gabriel, San Bernardino, and San Jacinto Mountains. However, many of the plants illustrated in this book can be found throughout the Transverse and Peninsular Ranges of Southern California.


  [image: Mount San Jacinto as seen from the top of Mount San Gorgonio]


  Geology: Formation of the Mountain Ranges


  Earth’s crust is a collection of interacting rigid plates that move over the magma core in processes referred to as plate tectonics. Boundaries between tectonic plates are the sites for earthquakes, volcanic action, uplift to form mountains, and the formation of ocean trenches. Where plates are pulling apart, the boundary is called a “spreading ridge”; new magma emerges to form new crustal materials that fill in the gap left by the spread. Where plates slide laterally past one another, it is called a transform fault. When plates converge, it forms a subduction zone, where one plate dives beneath the other and creates an ocean trench.


  A subduction zone was present off the coast of California in the Mesozoic era where the North American continental plate met the oceanic Farallon Plate. In this zone, sediments that eroded into an ocean trench were carried beneath the continent’s edge, with the subducting oceanic basalts, where they met areas of hotter temperatures and melted to form new magma. Some of the magma erupted to the surface to form volcanic mountains such as the Cascade Range of western North America, while much of the magma remained beneath the crust, forming bubbles of magma called plutons that cooled into intrusive igneous rock types that now form the bulk of the Transverse Ranges, Peninsular Ranges, Sierra Nevada Range, and Mojave Desert mountains. The subduction zone is now absent from much of its length off California’s coast because the westward-moving North American continental plate has overridden the Farallon Plate and the subduction zone. The North American Plate now interfaces with the Pacific Plate, which moves in a northwesterly direction.


  The boundary where the North American and Pacific Plates meet and slide past each other is called the San Andreas Fault, with its southern end near the Salton Sea and the northern end off the coast of Northern California. The San Andreas is a right lateral transform fault. Imagine looking at a fence that crosses the fault line in front of you. The fault action makes the fence post on the opposite side of the fault seem to shift to the right. The tectonic actions along this transform fault and associated faults have shaped the mountain ranges of Southern California, causing uplift and determining locations of canyons, drainages, peaks, and ridges, leading to much topographic complexity. The San Andreas does not follow a straight line from southeast to northwest; it bends with a sinuous arc through the Transverse Ranges with more of an east–west path. Because of these bends, crustal materials are compressed, forcing geologic blocks over or under other blocks. This thrust-faulting helps to explain the uplift of the Transverse Ranges, which are still gaining elevation. This mountain building not only exposes new substrates of various chemistries but also creates a variety of environments with pockets of moisture and aridity.


  Soils


  Soil type is one of the most important factors determining plant distributions. It is formed by breakdown or “weathering” of underlying inorganic parent rock material into mineral particles that mix with existing soil and decomposed organic matter as it moves to the surface. Weathering is facilitated by water that expands in rock crevices as it freezes, cracking the rock apart. The degree of weathering partially determines the sizes of the soil particles and texture of the soil. Sandy soils have relatively higher proportion of larger particles and tend to drain quickly, while clay soils are characterized by very fine particles and slow drainage.


  Organisms also facilitate soil development. Lichens secrete acids that erode rock surfaces, as do mosses. Plant root systems wedge their way into rock crevices, causing more rock breakdown, and animals churn and aerate the soil—a process called bioturbation. Native ants construct tunnels, chambers, and nests, mixing soil layers and adding organic materials to the soil. Soil microorganisms, which live in the spaces between soil particles, break down organic debris and wastes from plants and animals into humus, which mixes with inorganic soil particles and makes soil nutrients available to plants. However, meager precipitation in Southern California leads to slow growth of microorganisms, resulting in thin, poorly developed soils low in mineral nutrients.


  Topography is also a limiting factor for soil development in our mountains. There is little chance for deep soil to develop on steep slopes, because erosion is relatively constant. There may be pockets of organic matter accumulation and soil development in areas where the root systems of trees and shrubs provide some slope stability, but in general this results in minimal soil buildup. The canyon floors at the bases of mountain slopes are often rather narrow, and they contain coarse boulders and gravels eroded from slopes above. The gravels tend to maximize water drainage, prohibiting the development of deep soil horizons. In areas where slopes are not as steep, soil development is often limited by the lack of precipitation. The best soils found in these mountains are associated with permanent water, along stream courses and spring systems where the topographic gradient is low; however, these areas are not abundant.


  Soil can be transported away from its formation site by rain, snowmelt runoff, and river movement, as well as by constant soil creep from gravity on steep mountain slopes. The smaller, lighter particles are generally carried the farthest. The transported soil material is called alluvium. When deposited around the bases of slopes, such areas are referred to as alluvial fans.


  Climate and Weather


  Climate is a major factor affecting plant distributions. Cismontane Southern California has a Mediterranean climate characterized by relatively mild, cool winters followed by harsh, dry, hot summers. Most of the annual precipitation occurs during the cold months of December through March but sometimes can begin as early as October and last through May. Occasionally monsoonal summer rains moderate the normal pattern of summer drought, and although they are a frequent phenomenon in southwestern states, this moisture rarely and only marginally hits our mountains; it is much more common in areas to the east, where it contributes to bimodal winter and summer precipitation. Because this monsoon pattern is rare here, our mountains do not undergo a late summer wave of flower blooming that is common to Southwest desert ecosystems.


  Mountain topography and distance from the ocean have profound impacts on temperature and precipitation patterns in Southern California’s mountains. Cismontane slopes and areas closer to the ocean have more moisture in the atmosphere; this buffers temperatures and keeps them more even year-round. Areas on transmontane slopes and farther inland experience more temperature extremes—summers are hotter and winters colder. Temperatures also decrease with increases in elevation (a phenomenon known as adiabatic cooling) due to decreased air pressure; the expansion of the air lowers its energy and thus its temperature. Elevations above 5,000 feet are cold enough to get winter snow, which melts rapidly except on higher peaks and the northern slopes. Snow is rarely experienced on lower cismontane slopes, but it fairly commonly reaches areas down to 3,000 to 4,000 feet on the colder transmontane slopes of the central and eastern Transverse Ranges.


  Steep mountains are also effective barriers to the prevailing westerly, moisture-bearing winds flowing inland from the ocean. As these winds flow upward over the mountains, the air mass cools and has a reduced water-holding capacity, so rain falls and the average annual precipitation increases with elevation. By the time the air mass pours over the tops of the mountains, it is relatively dry; and as it descends over the transmontane slopes, the temperature increases and the air absorbs moisture, creating a lower relative humidity. These dry conditions on the leeward sides, or “rain shadows,” of mountain ranges are where we find the beginnings of the extensive North American deserts. Slope aspect also has a powerful effect on temperature and water availability. Since the latitude of Southern California is 10 degrees north of the Tropic of Cancer, the northernmost point at which the sun is ever directly overhead, the south-facing slopes of the mountain ranges of Southern California have more direct solar radiation, higher temperatures, and faster evaporation rates.


  Topography also determines runoff patterns of precipitation, dictating the locations and flow rates of streams and locations of lakes. The majority of the larger watercourses follow fault lines where the bedrock has been fractured and is easily erodible. Warm storms rapidly melt the snowpack and produce a high volume of runoff water that can move large boulders and massive quantities of sediments off the steep slopes. When soil moisture is lowest, at the beginning of the rainy season, the rate and amount of runoff are much lower than when soils are saturated later in the season. This subsurface soil moisture serves as a reservoir that allows many canyons to have flowing water from winter to early summer. However, evaporation from soil and plant surfaces (transpiration) eventually depletes the subsurface soil moisture, leaving the water courses dry; consequently, most streams in these mountains are intermittent.


  Wind patterns in cismontane Southern California generally trend from west to east, blowing offshore moisture inland. However, a strong wind pattern periodically occurs when an area of high pressure develops over the Great Basin and flows to an area of low pressure over the ocean. As the air is originating from the dry continental interior, the forced flow from the pressure gradient warms the air and, at the end of the seasonal drought, creates extremely hot, dry wind conditions that deplete plant tissues of moisture and favor wildfire. These interior winds that find their way into the Los Angeles Basin through the Cajon Pass, the low point between the San Gabriel and San Bernardino Mountains, and into the Santa Ana drainage system have been named the Santa Ana winds.


  All of these topographically induced variations of temperature, precipitation, and wind have strong impacts on the distribution of plant life. The dominant vegetation on cismontane slopes of the San Gabriel and San Bernardino Mountains is the summer drought–adapted, fire-prone chaparral, but on a clear day, conifers can be seen a short distance away at the tops of the higher ridges, where greater precipitation promotes taller vegetation. Vegetation can be markedly shorter and sparser on south-facing slopes, taller and denser on north-facing slopes; for example, with stunted chamise (Adenostoma fasciculatum) chaparral on the south face and thick, luxuriant chaparral, lush oak woodland, or even conifer forest on the north face. Striking differences in vegetation due to water availability are also seen when comparing drainages and moist canyon bottoms to dry mountain ridges. Mountain lilac (Ceanothus crassifolius) can cover the lower slopes with its white bloom in January and February at the same time the mountaintop ski lifts are in full swing.


  Variations of climate during the past 2 million years (the Pleistocene, or ice ages) have profoundly affected vegetation. This period is characterized by episodic glaciers (major ice sheets) that cover north and south poles, interrupted by warming periods known as interglacials that persist for up to 20,000 years. The current interglacial episode, the Holocene (or Anthropocene), began around 10,000 years ago when the last glaciers retreated. Temperatures fluctuate even during interglacials. Around 7,000 years ago, Earth’s temperature was 2 to 3 degrees Celsius above today’s temperatures; more recently (700 to 165 years ago) Earth experienced a cooling event known as the Little Ice Age, with temperatures averaging 0.6 degree Celsius below today’s norm.


  The Pleistocene climate shifts forced the migrations of both plants and animals. As glaciers advanced and temperatures cooled, species migrated away from poles and downslope from mountaintops, while the opposite patterns occurred during warmer, interglacial episodes. Although most of the Southern California mountain ranges (except Mount San Gorgonio) were not directly affected by glaciation, temperature changes associated with glaciation events caused shifts in species distributions. By the Holocene, humans were on the scene and were also migrating in response to shifting climates. There is no doubt that current plant assemblages were affected by the activities of these early humans as they harvested plants for food, burned wood for cooking and warmth, and torched large areas to herd animals for hunting activities.


  [image: Arcuate, erosional carving of a small glacier on the north slope of Mount San Gorgonio in the San Bernardino Mountains]


  Vegetation of the Mountains of Southern California


  Floristics, Diversity, and Endemism


  California has more than 6,000 plant taxa (including species, subspecies, and varieties), nearly a third of all plant diversity found in the entire country. Over 33 percent of the taxa are endemic, and of the approximately 880 genera found here, 3 percent are endemic. This is a higher concentration of endemism than in any of the other continental United States, leading to California’s reputation as a “biodiversity hotspot.” However, the “hotspot of this hotspot” is the San Bernardino Mountains, which have over 1,600 taxa, including 45 endemics; when considering the amount of area the range covers, this is plant diversity on an incredible scale. New species are still being described from the San Bernardino Mountains. The San Gabriel Range boasts only 15 endemic plant taxa but is still quite diverse, with an entire flora of around 1,550 taxa. The floras of either of these two ranges are far larger than those of many entire states.


  Numerous factors have contributed to this plant diversity, including the plethora of habitats due to variations in climate, topography, and soils; but plant migration and evolution events that have occurred over geologic time have shaped our flora in unique ways as well. Peter Raven and Daniel Axelrod speculated that the present-day flora developed from ancient assemblages of plants from the Tertiary, a time period that began around 65 million years ago, to the beginning of the Pliocene, some 5 million years ago. Although there have been some modifications to their hypothesis, their basic ideas are presented here.


  The Arcto-Tertiary geoflora occupied vast areas of the Northern Hemisphere in areas with a moist, cool climate at the beginning of the Tertiary (the period of time after the extinction of the dinosaurs, approximately 66 million years ago). Conifers such as fir, spruce, and hemlock and broadleaf plants like maple, dogwood, and sweetgum were widespread. Toward the end of the Tertiary period, the development of the Mediterranean dry-summer climate and the elevation of the Sierra Nevada and the Cascade Mountains led to the formation of the massive rain shadow in western North America. This drying caused the demise of many taxa of this geoflora, but various evergreen conifers have persisted along the Pacific Northwest coast and in higher elevations of the North American mountains where cooler, moister conditions prevail; these are called relict species. A few relict broadleaf species also remain in our mountains, including dogwoods (Cornus sericea and C. nuttallii) and maples (Acer glabrum and A. macrophyllum).


  Some surviving Arcto-Tertiary taxa remain largely unchanged across wide regions of similar elevations and latitudes throughout the Northern Hemisphere. These are called circumpolar, circumboreal, or circumtemperate taxa, depending on the latitudes and elevations they occupy. Examples in our Southern California mountains include yarrow (Achillea millefolium), flax (Linum lewisii), creeping sibbaldia (Sibbaldia procumbens), quaking aspen (Populus tremuloides), self-heal (Prunella vulgaris), field strawberry (Fragaria vesca), fireweed (Chamerion angustifolium), horsetails (Equisetum species), and grape fern (Botrychium simplex). Other surviving taxa evolved and diverged from what are now considered to be their closest relatives in the Rocky Mountains and mountains of Europe.


  To the south of the Arcto-Tertiary assemblage was the Neotropical Tertiary geoflora, adapted to high temperatures and humidity, conditions that are found much farther south today. This geoflora did not contribute as much to our present-day flora, as most of it was displaced as the climate dried. A few of our mountain taxa are relicts of this geoflora, including California laurel (Umbellularia californica) and flannel bush (Fremontodendron californicum).


  The ancient Madro-Tertiary geoflora, a drought-adapted southern flora originating from more xeric habitats of the Sierra Madre region in northern Mexico, was ancestral to our present-day taxa adapted to dry environments, including many annual plants and evergreen, sclerophyllous (hard-leaved) shrubs such as oaks (Quercus species), manzanita (Arctostaphylos species), wild mountain lilac (Ceanothus species), and buckwheat (Eriogonum species). Some of these now inhabit chaparral and coastal sage scrub communities on dry, lower slopes of our ranges, while others occupy some of the more xeric sites at higher elevations. Many of these are thought to have evolved recently (that is, over the past 5 million years), as the Mediterranean climate, with its completely dry summer season, was not fully developed before then. At the same time this climate pattern was evolving, geologic mountain-building process were contributing to new topographic diversity and exposing new parent rock substrates, causing diversification of soils. All of these factors contributed to a burst of speciation that was in full swing by around 2 million years ago, fueled by the advances of glaciers that forced repeated north–south migration events. As climates changed, populations could only remain in suitable microhabitats to which they were preadapted; these areas are called refugia. For example, as temperatures dropped during a glacial advance, those refugia may have been small, protected pockets of habitat on warmer, south-facing slopes. Several thousand years and generations could have passed before a warming trend allowed the isolated populations to move north or upslope.


  Genetic changes accumulated as isolated populations adapted to the particular environments of their own refugia, and random mutations likely also occurred in different populations. When such populations were finally able to migrate and comingle, some had accumulated enough genetic differences to prevent interbreeding. During their isolation, the populations may have acquired some differences in appearance as well. This process is called adaptive radiation, where diversification and formation of new taxa occur rapidly as new environments become available. Many relatively young taxa are restricted in their distributions and are endemic because there has not been enough time for them to migrate far from their place of origin; they are called neoendemics. Several of the genera found in the mountains of Southern California have numerous neoendemic species due to adaptive radiation, including the buckwheats (Eriogonum species), lupines (Lupinus species), phacelias (Phacelia species), popcorn flowers (Cryptantha species), gilias (Gilia and Saltugilia species), and monkeyflowers (Mimulus species). See table 1. Consequently you will find many species of most of these genera in this book!


  [image: Table 1. Number of Taxa of Largest Genera in Southern California Mountains (SG = San Gabriel Range, SB = San Bernardino Range, SJ = San Jacinto Range) Genus SG SB SJ Genus SG SB SJ Eriogonum 49 48 29 Cryptantha 26 26 17 Carex 31 34 23 Juncus 24 25 21 Lupinus 34 18 16 Astragalus 21 22 13 Phacelia 33 22 15 Mimulus 20 20 13 Gilia 29 20 6 Acmispon 20 18 9]


  Introduction to Plant Communities and Alliances


  A plant community is an assemblage of plant species growing together in the same environment. Some plant ecologists apply the term “plant alliance” to describe a community in which certain species associations are consistently repeated across the landscape.


  Plant communities of mountain ranges change primarily with elevation and slope aspect. Figure A shows a simplified vegetation profile to illustrate the vegetation zone concept, showing the plant communities along an elevation gradient on a desert-facing slope versus a cismontane slope in the Transverse Ranges. This illustration only shows general trends; there is much variation due to differences in soil, topography, slope aspect, and distances from storm patterns. For example, increased water availability and cold air drainage patterns in canyons on cismontane slopes allow mixed coniferous forest to occur at much lower elevations than predicted; this can be seen at various sites such as Mount Baldy Village, Chilao Flats, and Idyllwild, where pines are encountered as low as 4,000 to 5,500 feet. Vegetation profiles can also be a bit misleading when density of vegetation and growth form are considered. For example, harsh conditions encountered by subalpine vegetation on south-facing slopes encourage krummholz tree form, while the same species in this zone on north-facing slopes often grow tall and straight.


  The most common vegetation types encountered at elevations above 5,000 feet (with the exception of chaparral) are presented below. There is much variation in these plant assemblages; they are not always exactly as described. You might not encounter all the species mentioned in a vegetation type, or you may encounter a mix of plant species from two or more vegetation types. This occurs frequently in the area called an ecotone, the transitional area from one vegetation type to another. You may be in a community in an early successional stage following a fire or other disturbance. Keep in mind that these variations in species composition are expected and natural, as each species has its own distributional requirements.


  [image: Figure A. Vegetation Profile along a Simplified South-to-North Transect Elevation (feet above sea level) 11,000 10,000 9,000 8,000 7,000 6,000 5,000 4,000 3,000 2,000 1,000 Sea level Los Angeles Basin Mojave Desert South-to-North Cismontane south-facing slope Transmontane north-facing slope Subalpine forest Mixed coniferous forest Chaparral woodland Pinyon woodland Chaparral Joshua tree woodland Creosote bush scrub Coastal sage (Alkali scrub)]


  Chaparral


  Chaparral is well developed on cismontane slopes from 500 to around 5,000 feet (and sometimes higher) in the Peninsular and Transverse Ranges. It can also be found in limited areas on the transmontane sides of the San Bernardino and San Gabriel Ranges where coastal climate influences encroach through the Whitewater Pass at the eastern end of the San Bernardino Range, Cajon Pass between the San Gabriel and San Bernardino Ranges, and Canyon Country at the west end of the San Gabriel Mountains.


  Mature chaparral is composed of broadleaf, evergreen shrubs with small tough leaves that conserve water and resist wilting. There is a continuous canopy with little understory and such intertwined branches that it becomes impenetrable. Shrubs are often of similar heights up to15 feet, depending on the growing conditions and amount of time since the last fire. Photosynthesis occurs whenever sunlight, water, and appropriate temperatures are available, usually in winter and spring. The leaves and stems contain substantial quantities of highly flammable oils, resins, and terpenes, and the kindling-size branches and stems contribute to chaparral’s flammability.


  [image: Mature chaparral with wall-to-wall shrub cover below Running Springs in the San Bernardino Range]


  South- and west-facing chaparral slopes are often dominated by chamise (Adenostoma fasciculatum). More mesic north- and east-facing slopes and higher elevations on south slopes often have greater diversity, with dominant species including manzanita (Arctostaphylos species), scrub oak (Quercus berberidifolia and others), and numerous species of Ceanothus. Other species commonly found in chaparral include holly-leaf cherry (Prunus ilicifolia), holly-leaf redberry (Rhamnus ilicifolia), little-leaf redberry (Rhamnus crocea), toyon (Heteromeles arbutifolia), bush poppy (Dendromecon rigida), sugarbush (Rhus ovata), and our Lord’s candle (Hesperoyucca whipplei).


  Periodic fires are common, with natural fire return intervals from fifteen to one hundred years, depending on slope aspect and species composition. Stands of any age can burn during extreme drought conditions, but chaparral is highly resilient to fire, with rapid recovery of shrub cover within five to twenty years. Some species have underground burls that store energy, survive the fire, and crown-sprout rapidly afterward. Other shrubs are obligate seeders—the heat or smoke from the fire breaks the seed coat and releases seeds from dormancy so they are able to germinate after rainfall.


  [image: Chamise resprouting following a fire]


  [image: Flush of annual vegetation following chaparral fire PHOTO COURTESY ORLANDO MISTRETTA]


  Mineral nutrients from shrub tissues are released into soil following the fire. Most nitrogen is volatilized, but phosphorus and potassium in ash are available for shrub regrowth. The fire also scarifies the seeds of annual plants that may have lain dormant in the soil (the soil seed bank) since the last fire event, and adequate post-fire rain can result in a gorgeous wildflower display.


  Leguminous plants such as lupine (Lupinus species) and lotus (Acmispon species) are important as post-fire colonizers, since they are able to replenish nitrogen to the soil from nitrogen-fixing bacteria housed in their root nodules.


  Fire suppression may allow more time for fuel loads to build up between fire events, resulting in fires of relatively greater intensity and larger size, as seen by comparison of Southern California landscapes with Baja California, where there is minimal fire suppression and a patchwork of small burned areas of various ages. However, fires are now occurring more frequently in some areas due to dried biomass of invasive annual Mediterranean grasses such as red brome (Bromus madritensis ssp. rubens) and cheatgrass (B. tectorum) that provide a continuous fuel cover that supports fire even when the shrubs have not grown enough to achieve a continuous canopy. Some obligate-seeding shrubs are unable to recover when fires burn too frequently, resulting in type conversion of chaparral to weedy grasslands with shallow root systems that cannot hold the soil in place on steep slopes; such areas are characterized by slope instability and erosion, with dangerous mudslides.


  Chaparral Woodland


  Three species of coniferous trees occur in chaparral woodlands at or near the transition from chaparral to yellow pine forest. Knobcone pine (Pinus attenuata) is found in San Antonio Canyon in the San Gabriel Mountains, City Creek in the San Bernardino Range, and also in scattered locations of the San Jacinto and Santa Ana Ranges and Palomar Mountain. The knobcone is totally dependent on fire for reproduction, and stands are usually of uniform age. Most of the cones, which grow out of the trunk and larger branches, are actually retained on the tree until fire. The cones will only open to release seeds after a fire occurs, a condition known as serotiny. In order to stimulate knobcone pine reproduction, a fire must be severe enough to burn the tree canopy.


  Coulter pine (Pinus coulteri) is found in the Transverse and Peninsular Ranges, often in association with canyon live oak (Quercus chrysolepis). The heaviest known concentration of Coulter pine occurs around the Chilao Flats area of the San Gabriel Mountains, but in the San Bernardino Range it is usually scattered and rarely forms dense stands. Mature Coulter pines produce most of their 5-plus-pound cones on higher branches so they will be protected from light ground fires that burn the understory but not the tree canopy. The cones typically release their seeds in December and sometimes as late as January or February. This is believed to be an adaptation to fire, since fires most frequently occur in fall and less in winter, when there is typically more precipitation. A canopy fire will kill a Coulter pine; however, a canopy fire also can open the cones on higher branches and trigger release of the seeds, so like knobcones, Coulter pines are serotinous. The trees cannot produce cones until they have reached ages of ten to fifteen years, so short fire return intervals can prevent their reproduction.


  Small groves of bigcone spruce (Pseudotsuga macrocarpa) can be found in steep north- and east-facing slopes and canyons from 3,200 to 7,300 feet in the Transverse and Peninsular Ranges. The open groves often emerge from a lower closed canopy of canyon live oak (Quercus chrysolepis) with few, scattered chaparral shrubs beneath. It also may form denser stands at higher elevations where it mixes with pine-oak woodland or mixed coniferous forest. It can grow on a variety of soil types. Stands of dead, fire-blackened tree skeletons are often observed in upper chaparral canyons, so it has long been believed that this species is not well adapted to fire. However, the trees do appear to trunk-sprout from the bases of the branches (but not near ground level) following fire. In the event of a very intense fire, seeds will not germinate until there are several wet years in a row, a rare occurrence in Southern California; seed germination events are therefore infrequent.


  [image: Bigcone spruce (Pseudotsuga macrocarpa) forms stands in steep ravines in upper chaparral.]


  Pinyon and Juniper Woodlands


  Pinyon and juniper woodlands occupy a narrow elevation band (4,500 to 7,000 feet) on the dry, transmontane slopes of the Transverse Ranges and Peninsular Ranges and throughout the mountain ranges of the Mojave and Great Basin Deserts. Mature pinyon woodland is dominated by pinyon pine (Pinus monophylla), with associated species varying with elevation. At elevations above 6,000 feet, common understory shrubs include curl-leaf mountain mahogany (Cercocarpus ledifolius), antelope brush (Purshia tridentata), and canyon live oak (Quercus chrysolepis). Sierra juniper is also a common codominant at these elevations in the San Bernardino Mountains, but it is very sparse in the eastern San Gabriels and absent from the other ranges. Below 6,000 feet, California juniper (Juniperus californica) is the most common codominant, with understory shrubs including big-berry manzanita (Arctostaphylos glauca), fremontia (Fremontodendron californicum), and several species of scrub oaks (Quercus wislizeni, Q. john-tuckeri, Q. cornelius-mulleri, Q. palmeri). On transverse slopes below 5,000 feet, California juniper often occurs without pinyon pines. Great Basin sagebrush (Artemisia tridentata) is an important component at all elevations of pinyon and juniper woodlands.


  [image: Sagebrush (Artemisia tridentata) occupies openings in pinyon forest in the San Bernardino Mountains.]


  Due to dry conditions, the trees and shrubs of these vegetation types are sparse enough so that open to moderately dense stands without a continuous canopy are produced. It is only under conditions of extremely high wind and dry conditions that fire is carried. Historically, fire has not played a major role in pinyon-juniper woodland ecology, with fire return intervals in the San Bernardino Mountains estimated to be as high as 480 years.


  Pinyon pines are not likely to survive fire because they are filled with highly flammable pitch and have low, shrubby branches to carry fire into the crown. Pinyon pine is also not resilient to fire; it takes at least twenty-five to forty years post-fire for these trees to colonize and at least one hundred years for pinyon pines to mature after a burn. There is no soil seed bank, so seeds must be transported in by birds and rodents from adjacent, unburned areas with living trees. A well-developed shrub layer is necessary before pinyons can germinate; heat from daytime sun warms the soil, but this heat is lost at night when there is no shrub cover. The shrubs act as a blanket, reradiating heat back to the ground at night, warming the soil and preventing frost-heaving that damages pinyon seedlings.


  The herbaceous cover of mature pinyon woodland is naturally sparse because of cold temperatures and dry conditions. However, there are some common spring annuals that appear in years with adequate rainfall, including tidy tips (Layia glandulosa), pincushion flowers (Chaenactis species), desert dandelion (Malacothrix glabrata), monkeyflower (Mimulus fremontii), and various other species. The stems and leaves of these annuals break down quickly after flowering and fruiting and do not significantly contribute to fuel loading. However, the encroachment of invasive Mediterranean grasses may leave a persistent fuel thatch into the fall, which is expected to increase the fire frequency of pinyon woodlands. If fires occur too frequently, it will be unlikely that pinyons will return to that site, as they are not able to establish until adequate shrub cover is in place.


  Coniferous Forests


  Coniferous forests are dominated by trees with average heights of 90 to 160 feet, depending on slope aspect and moisture availability. Trees of our coniferous forests include white fir (Abies concolor), Sierra juniper (Juniperus grandis), big-cone spruce (Pseudotsuga macrocarpa), incense cedar (Calocedrus decurrens), and pine (Pinus), the most abundant and diverse genus of conifer in the forests of Southern California mountains. Yellow pines, with knobby, prickly cone scales and two or three needles per bundle, include ponderosa pine (Pinus ponderosa), Jeffrey pine (Pinus jeffreyi), lodgepole pine (Pinus contorta ssp. murrayana), Coulter pine (Pinus coulteri), and knobcone pine (Pinus attenuata). White pines, with smooth, rounded cone scales and five needles per bundle, are represented by sugar pine (Pinus lambertiana) and limber pine (Pinus flexilis); some botanists include the single-needle pinyon pine (Pinus monophylla) within this group. Yellow pine forests are dominated by either ponderosa pine, Jeffrey pine, or both, while in mixed coniferous forest, yellow pines are often present but not the sole dominant. Other conifers such as white fir (Abies concolor) and sugar pine (Pinus lambertiana) are also prevalent.


  [image: Coniferous forest]


  Ponderosa pine occurs on valley floors, canyon drainages, and windward, cismontane slopes and ridges just above the chaparral belt at elevations of 3,000 to 7,000 feet. It is often accompanied by gold cup oak (Quercus chrysolepis) and Jeffrey pine on slopes and drier sites, and it occurs with sugar pine, incense cedar, and white fir in flatter, moister areas. Ponderosas also may mix with big-cone spruce, knobcone pine, or Coulter pine in areas above chaparral, or they may occur with black oak in canyons, especially in the San Bernardino and Peninsular Ranges. The understory may be quite lush in areas with relatively greater water availability, with common shrub species including whitethorn (Ceanothus leucodermis), deerbrush (Ceanothus integerrimus), thimbleberry (Rubus parviflorus), Sierra currant (Ribes nevadense), and sometimes smaller trees such as mountain dogwood (Cornus nuttallii) or bigleaf maple (Acer macrophyllum). The understory of perennial herbaceous species is quite diverse, with numerous species of lupine (Lupinus species), phacelia (Phacelia species), buckwheat (Eriogonum species), beardtongue (Penstemon species), and many others.


  Jeffrey pine has a wider elevation range than ponderosa pine and often dominates in drier sites from 7,000 to 9,000 feet where ponderosa pines are absent, especially on north-facing and leeward slopes. It is known from elevations as low as 3,000 feet in San Diego County, but it can reach elevations above 10,000 feet, as on San Bernardino Ridge and on top of Mount San Antonio, where harsh conditions may cause it to take on a stunted or krummholz form. In areas with adequate moisture, Jeffrey pine is one component of a denser, mixed coniferous forest with sugar pine, white fir, and scattered stands of incense cedar. The shrub understory of this mixed coniferous forest commonly includes scattered pink-bracted and pointleaf manzanitas (Arctostaphylos pringlei and A. pungens, respectively), deerbrush, and coffeeberry (Rhamnus californica), but montane chaparral prevails in openings above 7,000 feet, with chinquapin (Chrysolepis sempervirens), snowbush (Ceanothus cordulatus), and greenleaf manzanita (Arctostaphylos patula) often forming large areas with continuous shrub cover. A diverse herbaceous understory is present as well, especially at lower elevations, when there has been adequate rainfall.


  There is evidence that most yellow pine and mixed coniferous forests historically had more widely spaced trees than what is seen today. Downed needles, branches, and understory shrubs would build up over time, creating enough fuel for occasional low-intensity fires to sweep through and clear out the debris. Fire studies have shown the historic fire return interval to be around thirty-two years. Large pines survived because the fires were of low enough intensity that the thick bark protected the cambium layer. Since the fires did not reach the tree canopy, which was not closed and could not support a fire’s spread, the size of each fire was likely much smaller than what is seen today. Fire prevention efforts, as well as air pollution, drought, and bark beetle infestation, have contributed to greater fuel loads and longer intervals between fires, resulting in recent massive, intensive, tree-killing conflagrations.


  [image: Herbaceous spring understory in a yellow pine forest]


  Montane Meadows and Springs


  Montane meadows and springs occur where groundwater is close to the surface and saturates the soil, at least seasonally. Meadows are often completely treeless because the wet soil does not have adequate oxygen for respiration of tree roots; the wet soil also may undergo frost-heaving, the expansion and contraction of soil from a freeze-thaw cycle that damages tree roots. Meadows have fewer than ten trees per acre; in contrast, springs often have trees growing within the general area of water expression.


  Our higher mountains have relatively few large and extensive meadow systems because of periodic drought, steep rocky slopes, and lack of flat expanses, but there are considerable numbers of springs and small meadows. Many of the meadows are classified as the xeric or vernally wet type; they dry up as summer progresses. The high slopes of several mountain ridges have a series of perched meadows and springs. During high snowfall years, these sites have snow that lingers well into summer months, and the increased duration of snowmelt has been thought to provide the increased moisture needed for the occurrence of lilies and orchids and other wet-meadow species. These areas have therefore been previously described as “snowmelt gullies.” However, they remain consistently moist even after years of drought and zero snowfall, so it is more likely that they are the result of compressional tectonic action, which is forcing ground water to the surface along upward, tilted bedding planes of various rock types, generating year-round water flow at the tops of the watersheds.


  [image: South Fork Meadow in the San Bernardino Mountains]


  Meadows and springs have the greatest plant diversity of all habitats in Southern California mountains. Dominant monocot species form a sod or matrix consisting of grasses (species of Poa, Elymus, Deschampsia, Muhlenbergia, Danthonia, Glyceria, and others), sedges (Carex species), and rushes (Juncus species) in varying proportions with more showy interspersed perennials, including corn lily (Veratrum californicum), cow parsnip (Heracleum maximum), ranger buttons (Sphenosciadium capitellatum), lemon lily (Lilium parryi), sneezeweed (Helenium bigelovii), meadow rue (Thalictrum species), wintercress (Barbarea orthoceros), arrowleaf groundsel (Senecio triangularis), and broad-leaf lupine (Lupinus latifolius var. parishii). Common lower-growing perennials include buttercup (Ranunculus species), monkeyflower (Mimulus species), cinquefoil (species of Potentilla and Drymacallis), yampah (Perideridia parishii), avens (Geum macrophyllum), clover (Trifolium species), and columbine (Aquilegia formosa). There may be scattered willows (Salix species) within the meadow, but most willows occur along the meadow margins, where there is better drainage. Other meadow-edge shrubs include currants (Ribes species), wild rose (Rosa woodsii), bracken fern (Pteridium aquilinum), berries (Rubus species), and Rothrock’s sagebrush (Artemisia rothrockii). Most of these same meadow species are found at springs and in wet soil around streambanks, but the dense matrix of sedges, grasses, and rushes that is seen in meadows is usually lacking or occurs as small patches.


  Riparian Woodlands


  Riparian woodlands are only found adjacent to streams and waterways where there is enough year-round water at or just below the surface to support the growth of trees or large shrubs. The microclimate beneath the trees is moist and cooler than surrounding areas, allowing a rich and diverse understory with some unique species not found in other mountain habitats; however, many riparian species are also found in montane meadows and springs. This vegetation may only occupy a narrow band of land if the water flow is restricted by steep slopes, or it may be more spread out along the borders of man-made or natural lakes.


  Dominant riparian trees and shrubs vary with elevation. In lower canyons flanking the ranges, western sycamore (Platanus racemosa), Fremont cottonwood (Populus fremontii), or sometimes bigleaf maple (Acer macrophyllum), California walnut (Juglans californica), or California bay (Umbellularia californica) are dominant. Lowland riparian willows include arroyo willow (Salix lasiolepis) to 9,000 feet, sandbar willow (Salix exigua) to 8,000 feet, and red willow (Salix laevigata) to 6,000 feet. White alder (Alnus rhombifolia) forms thick stands at mid-elevations along some watercourses up to 8,000 feet, and black cottonwood (Populus trichocarpa) becomes more abundant in many areas up to 10,000 feet. Willows are the dominant riparian
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Table 1. Number of Taxa of Largest Genera in Southern California Mountains
(SG = San Gabriel Range, SB = San Bernardino Range, SJ = San Jacinto Range)

Genus SG SB SJ Genus SG SB SJ
Eriogonum 49 48 29 Cryptantha 26 26 17
Carex 31 34 2 Juncus 24 25 21
Lupinus 34 18 16 Astragalus 21 s 13
Phacelia 3 2 15 Mimulus 20 2 13
Gilia 29 2 6 Acmispon 2 18 9
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Mount San Gorgonio, the highest point in the San Bernardino Mountains, viewed from Sugarloaf
Peak
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