
[image: ]




[image: ][image: ]





[image: ][image: ]




The information in this book is accurate to the best of the authors’ knowledge. However, neither the authors nor the publisher are responsible for mistakes in identification or idiosyncratic reactions to mushrooms. It is certainly not necessary to eat mushrooms in order to enjoy them. People who choose to eat mushrooms do so at their own risk.
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Introduction

The rugged edge of the continent upon which Coast Redwoods dwell is fantastically beautiful land. The warm, dry summers and rainy winters that bathe this area’s varied terrain create a great diversity of habitats, which are home to mushrooms and other fungi: a tremendously diverse but often overlooked community of organisms.

Mushroom identification as a hobby has an obvious end goal: to be able to attach names to organisms and communicate about them reliably and effectively. But pursuing this goal necessarily involves continually honing and developing increased awareness of other fungi, which leads to outcomes more subtle and more profound. You will learn a few mushrooms your first year, and the next year you will learn a few more; then you will have experiences that challenge you to question your own knowledge, as well as some that strengthen it. You will eventually be surprised at how much you know (and how much more you are left wondering about!). More importantly, with every step you take down this road, your world will expand. You will begin to notice slime molds, mosses, lichens, tiny insects, and the various other minute habitats that surround fungi, and you will soon wonder about all of these as well.

Paired with your persistence, curiosity, and time spent in the woods, this guide will help you become familiar with the names and faces of fungi on the Redwood Coast, and give you a glimpse of what we know about their role in California’s ecosystems. We hope that this book will encourage beginners to dive in to the world of California’s fungi, as well as assist and encourage more experienced identifiers as they push our collective knowledge forward.

Coast Redwoods are a magnificent and irreplaceable part of our heritage, and we should strive to protect the ecosystems that support them. We hope that this book will serve as a reminder that this coast is also home to a great diversity of fungi. They are rarely given attention in conservation efforts (perhaps due to their intermittent visibility), but fungi are always there. Whether busy on roots, in soil, on moss, or in the heartwood of trees, they are essential to the dynamics of forests.



What Are Mushrooms?

The word mushroom is an imprecise but useful term for the visible reproductive organs of certain types of fungi. Fungi are their own kingdom of life, similar to, but separate from, plants and animals. The kingdom Fungi comprises many millions of species of living organisms, ubiquitous in our everyday environments and abundant in nearly every natural habitat. Although fungi are exceptionally important in the functioning of global ecosystems, we generally go about our daily business unaware of their presence. As soon as you start to pay attention, however, you’ll find that fungi play many roles in human affairs, both as allies and as adversaries. But what exactly are fungi?

For starters, fungi (along with plants and animals) are eukaryotes. Eukaryotes are organisms whose cells have discrete interior structures; the largest and most important of these is the nucleus. The nucleus contains DNA—the blueprints for the structure, chemistry, function, and organization of an organism. When two organisms share a common ancestor in the recent past, we say that they are closely related; that is, they share many of the instructions encoded in their DNA. The genetic material of more distantly related species differs to a greater degree. The portobello mushrooms on your dinner table are more closely related to the yeast organisms in your bread dough than either is to the sunflowers in your yard. Perhaps even more surprisingly, the portobello mushrooms are more closely related to you than they are to plants, since fungi and animals share a more recent common ancestor than they do with plants!

Fungi were relatively recently separated from the plant kingdom, based on many important biological differences. One such difference has to do with their modes of nutrition: plants are autotrophs, meaning that they produce their own “food.” By the process of photosynthesis, plants use sunlight and carbon dioxide to make the sugars that fuel their metabolism and growth. Fungi, on the other hand, cannot photosynthesize—they are heterotrophs. Since fungi cannot produce their own fuel, they rely on organic matter produced by other organisms. Fungi have an interesting method of digestion: they exude powerful enzymes that break down the organic matter in their surroundings and then absorb the products of this breakdown.

Morphology Diagram
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1. Utriform 2. Clavate 3. Lecythiform/bowling pin shaped 4. Capitates 5. Sinuous 6. Metuloid cystidium with thick walls and crystals at tip 7. Basidium with one spore attached 8. Ascus with eight internal spores 9. Two hyphae joined by a clamp connection 10. Adnate (broadly attached to stipe) 11. Adnexed (finely attached to stipe) 12. Sinuate (notched attachment to stipe) 13. Decurrent (running down stipe) 14. Free (not attached to stipe, separated by a “moat” or gutter) 15. Serrated edge 16. Teeth/spines 17. Tubes and pores


Fungi are also very different from animals. One important difference is found in the composition of the cells: whereas animal cells are surrounded by a layer of lipids (fatty acid molecules), most fungi have cell walls made of a carbohydrate called chitin. This same compound is the main component of the exoskeletons (but not the cells) of shrimp, dragonflies, and all other arthropods. Although there are groups of fungi with very different anatomy, the chitin-bound cells of nearly all the fungi in this book are tubelike structures called hyphae. The vast majority of the fungi in this book have hyphae strung together in long chains and branching networks that form a sort of carpet called the mycelium. Although this can be a very large structure, it is usually invisible to humans because it is buried or embedded in whatever substrate the fungus is growing in and digesting (whether soil, wood, or animal tissue). The thin, elongate cells and highly branched structure of the mycelium have a very high surface-area-to-volume ratio; this anatomy greatly enables efficient diffusion of digestive enzymes and uptake of water and nutrients.

It’s important to remember that mushrooms are not representative of the whole fungal organism: they are generally short-lived structures that are produced to achieve sexual reproduction and dispersal, similar to the fruits of a plant. For this reason, mushrooms are referred to as the fruitbodies of the fungi that produce them. A fungus may thrive for many years as a mycelium without ever producing a fruitbody visible to humans!

Fungi are a very diverse group of organisms, but only a small fraction of these species produces structures that we call mushrooms. The majority of fungal spores are microscopic, visible to the human eye only during certain parts of their life cycle when they manifest themselves as discolored splotches or powdery coatings on plant tissues and other organic matter. Examples include the rust disease on your roses or mold on your bread or old leftovers.

The tremendous diversity of the fungal kingdom is paralleled by the many roles that fungi play in natural ecosystems, ranging from harmless decomposers to virulent agents of disease to essential symbiotic partners.

Ecology of Fungi

Most fungi decompose nonliving organic material to fuel their metabolism. Fungi with this nutritional mode are called saprobes and can be found almost everywhere: on old straw bales, in forest humus, and even in Tupperware at the back of your fridge. Saprobic (or saprotrophic) fungi are extremely important in releasing carbon and nitrogen back into local and global nutrient cycles. These and other terms are defined in the Glossary.

Most other mushroom-forming fungi are involved in either parasitic or mutualistic symbioses with other organisms. The symbiotic relationships between plants and fungi, called mycorrhizae, are particularly relevant to those seeking to find, identify, and understand the mushrooms in this book.

The term mycorrhiza is a combination of the Greek words myco, “a fungus,” and rhiza, “roots”; it refers to a mutualistic relationship in which the hyphae of a fungus live in close physical contact with the root tips of a plant. In these relationships, the fungal partner exchanges water and nutrients for sugars produced by the plant host. This reciprocity is particularly elegant because it pairs the physiological abilities and limitations of each partner in a complementary way: The fungal partner, with its cobwebby mycelium, has a high surface area and powerful enzymes to gather water and liberate nutrients from the soil, but cannot produce its own sugars. The plant, on the other hand, can produce sugar, but doesn’t have the same capacity to gather resources from the soil.

Scientists have identified and classified many variations of the mycorrhizal relationship, but there are two main categories: arbuscular mycorrhizae and ectomycorrhizae. Arbuscular mycorrhizal fungi penetrate the root cells of their host plants, whereas ectomycorrhizal fungi form sheaths around them. The two groups also have chemical and ecological differences: arbuscular mycorrhizal fungi are often better phosphorus scavengers, while ectomycorrhizal fungi tend to be more adept at gathering nitrogen. Although there are many exceptions, arbuscular mycorrhizae are more common in drier climates and tropical forests, whereas ectomycorrhizal relationships dominate in temperate forests.

All the mycorrhizal mushrooms in this book are of the ectomycorrhizal type. However, not all ectomycorrhizal fungi produce large fruitbodies; many form thin crusts under logs or inconspicuous spore-bearing structures in the soil. Likewise, only a fraction of mushroom-producing fungi are ectomycorrhizal. Although some species are more ecologically flexible, many of these relationships are obligate: the fungi and plants involved cannot complete their life cycles without each other. Mycorrhizal fungi enable many plants to thrive in habitats where they would otherwise not survive due to drought stress or poor nutrition.

These mutualistic relationships are restricted to some extent—there are a limited number of plant species with which any particular fungus can form an ectomycorrhizal symbiosis (and vice versa). For example, the Death Cap (Amanita phalloides) can form mycorrhizae with tens of different host plants, while Suillus caerulescens only grows with Douglas-fir. Most mycorrhizal fungi are at least moderately specific, each species growing primarily with one or two host tree or shrub species, and at lower frequency with a smaller number of other hosts.

The ecological impacts of these symbioses extend well beyond the individual tree and fungus. In some cases, parasitic plants (such as Corallorhiza orchids) exploit the mycelium of a mycorrhizal fungus, absorbing sugars that were originally produced by the tree with which the fungus is partnered. In northern California’s old-growth forests, the threatened Spotted Owl predates heavily on Red-backed Voles, which in turn feed primarily on the hypogeous fruitbodies of mycorrhizal Rhizopogon fungi. The spores of these truffle-like fungi survive passage through the guts of both animals, and viable spores can be found in both the pellets and the droppings of the owls; thus the owls help disperse the fungi that sustain populations of their own prey. Communication between plants via chemical signaling through the fungal mycelium that connects them has been observed in both forest and experimental settings. This has led some researchers to conceive of mycelial networks as a sort of “Natural Internet” through which forest trees and understory plants sense environmental changes and reallocate resources.

As you might guess by now, knowing how to identify the trees in your area is extremely useful when seeking and identifying mushrooms. Some very similar species of Suillus are more easily told apart by their host tree than by their morphology (at least for beginners). In other cases, you can rule out entire groups of fungi based on the habitat of your collection. For example, the ectomycorrhizal Amanita augusta will never appear in pure Coast Redwood forest (because redwoods do not form ectomycorrhizal relationships), and the spruce-associated Cortinarius callimorphus doesn’t occur in Santa Cruz County (where there are no spruce trees).

Life Cycle Diagram
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1. Fungal spores are floating in the air.

2. Spores that have landed on a suitable surface germinate into a primary mycelium—a network of branching hyphae. Each hypha (2a) is a microscopic, cylindrical cell with cell walls made of chitin. Clamp connections (2b) are sometimes present, bridging the wall between two adjacent hypha; these structures help fungi regulate the distribution of genetic material throughout their mycelia. If two such mycelia encounter each other and are of compatible mating types, they can fuse into a mycelium with two different sets of genetic information, one from each parent.

3. After a period of growth and given appropriate conditions (including plenty of water), a mature mycelium can produce a tiny primordium, a knot of hyphae that eventually grows into a mushroom.

4. The primordium grows into a “button” or “pin,” and then expands into a mature fruitbody.

5. The fertile surface—gills, in this case—produces spores on microscopic cells, in this case, basidia (5a). Other kinds of fungi have different fertile cells (for example, the fertile cells of morels are called asci).



At the other end of the symbiotic spectrum are the parasitic fungi, whose growth causes negative effects on the health of their host organisms. The most well-known parasitic fungi infect plants and are especially familiar to those who work in agriculture or the timber industry. Honey mushrooms (Armillaria species) and conifer root rot (Heterobasidion spp.) cause disease on a large scale in natural ecosystems, sometimes killing entire stands of trees.

Fungi also parasitize animals, and sometimes entire groups of mammals are affected at landscape scales. The health of bat populations in northeastern North America is at serious risk due to White Nose Syndrome, a disease caused by the fungus Geomyces destructans. Some of the most spectacular animal-parasite fungi specialize on invertebrates: Cordyceps species parasitize ants, butterflies, beetles, and other insects. One of these species, Ophiocordyceps sinensis, is a prized medicinal mushroom in Asia.

Some fungi even specialize on digesting other fungi! Many of these “mycoparasitic” fungi distort, discolor, or otherwise transform the fruitbodies of their hosts. Some of these include the Lobster Mushroom (Hypomyces lactifluorum) and the very rare Body-snatchers (Squamanita species).

Finally, we should mention that some fungi (although very few of the species covered in this book) exist in a mutualistic relationship with green algae or cyanobacteria—such species are said to be lichenized. Although the majority of lichens don’t produce typical mushroom-shaped fruitbodies, some do, and there is increasing evidence that many members of the family Hygrophoraceae are involved in such relationships (Seitzman et al., 2011).

Humans and Fungi

The fungi most familiar to us are the varieties that we value as food and those that we fear as poisons. The fabled Death Cap and Destroying Angel mushrooms are in the genus Amanita, but many other genera also contain toxic species. Toxic Amanita species cause a few very serious poisonings every year in California. With appropriate caution, effort, and the help of knowledgeable friends, you can easily keep yourself from joining the ranks of these unfortunate people (see Collecting for the Table). There is a broad range of symptoms caused by mushroom poisoning, depending on the species, quantity, and dose involved, as well as the health and biochemistry of the affected individual.

Although for decades the white Button Mushroom (Agaricus bisporus) and its variants have been the most common mushrooms in grocery stores in the United States, many other mushrooms have been added to their shelves in recent years. Such species as Shiitake (Lentinula edodes), Enoki (Flammulina velutipes), Maitake (Grifola frondosa), and oysters (Pleurotus species) have long histories of cultivation and consumption in other countries, and many Americans now propagate these species in their homes and backyards. Many excellent references for learning the craft of mushroom cultivation and cookery can be found in print and online.

On the other hand, many species of edible mushrooms are difficult or impossible to cultivate in commercial quantities. Some of the most famous are Chanterelles (Cantharellus species), Porcini (Boletus edulis and others), Black Trumpets (Craterellus species), and Morels (Morchella species). These delicacies fetch high prices and are the quarry of fairly large seasonal commercial picking outfits (sometimes causing significant tension with conservation-minded land managers).

In some cultures (particularly in parts of Asia and Mexico), psychotropic fungi play an important role in spiritual and religious practices. Some of the most famous of these fungi are Amanita muscaria and various species of Psilocybe, better known as “magic mushrooms.” There has been a recent resurgence of medical interest in the use of the psilocybin compound produced by species in the latter genus to treat cluster headaches (Sewell, Halpern, and Pope, 2006), to mitigate the psychological trauma associated with terminal illness (Grob et al., 2011), and to disrupt patterns of alcohol and narcotic abuse.

Some other fungi are less visible, but much more important in our daily lives. Many microfungi cause illness or disease in humans, pets, and livestock; these are collectively called mycoses. These include yeast infections, ringworm, Valley Fever (coccidioidomycosis), and aspergillosis. A variety of plant-pathogenic fungi do serious damage to crops around the world. The fungus Claviceps purpurea produces toxic “ergot” on cereal grains, and Phragmidium species produce bright orange rusts on the roses in your garden. The global economic burden caused by these parasitic fungi is considerable, and much research is devoted to mitigating their effects. Dry rot fungi (Serpula species) seriously compromise the structural integrity of wood in buildings around the world. Other fungi are more minor nuisances—an ascomycete called Rhizopus produces the blackish fuzz we find on old bread.

But many other fungi are our allies: blue cheeses (and many other cheeses) are made with the help of ascomycete molds, and without Saccharomyces yeasts to ferment plant sugars into alcohol, we wouldn’t have beer or wine, or leavened bread. The famous antibiotic compound penicillin, used to treat many bacterial infections, was first isolated from a fungus called Penicillium.

Fungal spores are abundant in the air we breathe, and products derived from or processed by fungi are ubiquitous in our everyday environments. Fungi are literally everywhere around us—a compelling reason to learn more about them!

The Redwood Coast

We have chosen to cover a geographic area that roughly coincides with the distribution of the Coast Redwood (Sequoia sempervirens), a magnificent icon of California’s temperate rainforest. This species includes the tallest trees on Earth (an individual called Hyperion measures 115.6 meters tall!). Not only do some individuals reach great age (upward of two thousand years), but the evolutionary lineage as a whole is an ancient one. As if this weren’t impressive enough, the most vigorous Coast Redwood forests have some of the greatest biomass productivity of any terrestrial ecosystem.

Although Sequoia sempervirens and its close relatives once grew around the northern hemisphere, this species’ modern range consists of a narrow band between extreme southern Monterey County and the southwestern corner of Oregon. Often referred to as the Fog Belt because of its frequently dense maritime moisture layer, this zone experiences a Mediterranean weather regime: warm summers with little precipitation and wet, cool winters with rare prolonged periods of freezing temperatures.

Map of the Redwood Coast
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In many parts of their range, Coast Redwoods are dependent on fog to tide them over through the dry summers, and the architecture of their foliage is such that they can effectively harvest this moisture out of the air to meet their prodigious water requirements. The range of the Coast Redwood extends far inland in the wet, mountainous areas of the southern Cascade Range in Del Norte County, and even farther (albeit more scattered) in the drier eastern reaches of the San Francisco Bay. Ronald Lanner’s excellent Conifers of California identifies Little Redwood Creek (a branch of the Chetco River in Oregon) as the absolute northernmost outpost of the Coast Redwood, while the southernmost trees are found just north of Soda Springs Creek in the Santa Lucia Mountains of Monterey County. The restricted geographic range of the Coast Redwood, as well as their dependence on a heavy summer fog regime, has led the International Union for Conservation of Nature to list them as a vulnerable species.

Many other habitat types are found on the Redwood Coast, including chaparral, Douglas-fir forest, pine forest, oak woodland, mixed evergreen forest, coastal grassland, and riparian woods. In addition to these native habitats, parks, gardens, and horticultural areas are also important habitat for mushrooms. While some of the fungi included in this book occur primarily in Sequoia forests, most are found in other natural habitats on the Redwood Coast, and some grow only in human-modified habitats (parks, lawns, gardens, and other landscaped areas). Since no one is really sure how many thousands of species occur in this area, this book is necessarily incomplete. Our focus is centered on the gilled mushrooms, boletes, and chanterelle-like species, particularly those that are common, conspicuous, and distinctive. But we’ve also made a great effort to find and photograph uncommon and inconspicuous fungi, some of which require more experience and closer inspection to identify correctly. There are many species we decided not to include due to some combination of being inconspicuous, poorly understood, or rare.

Trees of the Redwood Coast

A big step toward understanding mushrooms is learning to recognize their habitats. As discussed in the section on Ecology of Fungi, many mushrooms are mycorrhizal and only associate with a one or two tree species, while others have a broader (but still limited) range of hosts. Even among those fungi that don’t form mycorrhizal associations, some are quite picky: for example, Crinipellis piceae only occurs on Sitka Spruce needles, and Leptonia carnea is very rarely found outside redwood forest.

Our range covers four major bioregions: the conifer-dominated zone on the Far North Coast (distinguished by the presence of Sitka Spruce, Grand Fir, and Western Hemlock); the vast mixed-evergreen zone (dominated by Douglas-fir, Tanoak, and Madrone forests inland, often flanked by pine forest on the coast); the Coast Live Oak woodlands that occur from southern Mendocino County southward into Mexico; and the majestic Coast Redwood forest, whose range circumscribes the scope of our book (see The Redwood Coast). Some of the most important trees and their identifying features are illustrated and described briefly below. Other common trees that we don’t profile in detail include cottonwood, willow, and alder—each of these has a small but distinctive suite of associated fungi. On the other hand, Bigleaf Maple (Acer macrophyllum) and California Buckeye (Aesculus californica) sometimes form inviting groves but almost never produce much in the way of mushroom fruitings.

Ectomycorrhizal Northern Conifers
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Sitka Spruce (Picea sitchensis): Large conifer with overlapping bark scales, swooping branches, and crowns with upright tips. Can be recognized by the sharp, three-sided needles (roll them between your fingers) with a silvery green top and green underside, and hanging cones. Occurs on north-facing slopes in scattered river valleys on the Central Coast of Mendocino County, becoming more widespread in the northern part of the Lost Coast and then common farther north along the coast.


[image: ][image: ]




Western Hemlock (Tsuga heterophylla): Widespread tree of the Far North Coast, but some found south to Salt Point on the Sonoma coast. Distinctively drooping growing tip, unlike other conifers on the coast. Needles are short, flat, and of differing lengths on the same twig; each has two whitish lines on the paler underside. Grayish bark with moderately shallow furrows. Small cones with relatively large scales
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Grand Fir (Abies grandis): Shows a classic Christmas-tree shape, with a pointed growing tip and whorled branches that splay out nearly flat. Smooth bark when young, often covered with sap blisters, then becoming furrowed (similar to Western Hemlock). Needles are also flat, but longer than those of hemlock (up to 3 cm). Upper sides of needles are bright green; undersides are paler and with two whitish lines. Needles are usually splayed out flat on lower branches. Large cones borne upright on the upper branches, but rarely seen whole on the ground, as they tend to break up at maturity.

Ectomycorrhizal Hardwoods


[image: ][image: ]




Live oaks (Quercus spp.): Those that in our area have green leaves year-round. In addition to the following tree-forming species, there are a few shrubby species that also host many fungi but are rather difficult to survey.
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Coast Live Oak (Quercus agrifolia): This beautiful evergreen oak is widespread from southern Mendocino County south into Mexico, mostly occurring in drier, warmer habitats. Recognized by its rounded, dark green canopy, frequently stout and multibranched trunk, and often gnarled gray limbs covered in lichens. The leaves are leathery, dark green, round to spoon-shaped (edges often curling inward), and have short, sharp points around their edges. The veins on the underside usually bear a distinct beige fuzz at their branching points (“hairy armpits”). This tree probably hosts the most diverse suite of mycorrhizal fungi of any of our hardwoods, a substantial subset of which are also found in association with other live oaks, as well as Tanoak and Chinquapin to a lesser extent.

Interior Live Oak (Q. wislizeni): A common tree away from the immediate coast between Santa Cruz and Mendocino Counties. Tends to be a tree of mixed forest and often has a rather upright (less sprawling) stature than Coast Live Oak. Community of associated fungi with this species seems to be less diverse than with other oaks. Canyon Live Oak (Q. chrysolepis) occurs in river valleys and higher elevations away from the coast in the northern part of our range. Has oblong, flat leaves with a shiny dark green upper surface and a dull yellowish underside. Acorn cups are distinctly yellowish when fresh. Associates with many of the same fungi as Coast Live Oak. Deciduous oaks are less frequent on the coast, mostly occurring in higher elevations and inland areas. They are abundant in some areas that we have covered less thoroughly in this book. The two species you’re most likely to encounter are Black Oak (Q. kelloggii), which has lobed leaves with pointed tips, and Valley Oak (Q. lobata), which has deeply lobed leaves with rounded tips.
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Tanoak (Notholithocarpus densiflorus): Forests of this species mixed with Douglas-fir and Madrone dominate much of the interior areas of Sonoma, Mendocino, and Humboldt Counties. Bark starts off smooth and gray, then develops dark vertical furrows as the trees mature. Large, green, oblong leaves with a distinctly toothed margin and pronounced veins and extensive tan fuzz on the underside. The acorn cups are hairy-scaly looking, distinct from most of the true oaks (Quercus) in our area. Tanoak and true oaks are fairly close relatives and have many fungal associates in common. Tanoaks are best known for hosting large crops of Black Trumpets, Matsutake, and Queen Boletes.
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Chinquapin (Chrysolepis chrysophylla): This tree has vertically furrowed grayish bark and smooth, narrowly oblong leaves without teeth and with a distinct golden cast to the undersides. Extremely spiny cases surround the nuts, and these husks litter the forest floor around Chinquapin groves. Hosts a much smaller subset of the fungi found with oaks and Tanoak, as well as a few fungi rarely found in other habitats (for example, Fistulina).
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Madrone (Arbutus menziesii): A gorgeous tree that often occurs in mixed forest with Tanoak and/or Douglas-fir, and occasionally at meadow edges among oaks. Recognized by its dark reddish brown, finely scaled trunk and smooth, shiny, often muscular-looking yellowish or orangish branches. The shiny green leaves are the largest of any hardwood in our area. Bears large clusters of white bell-shaped flowers in spring and round, pebbly-skinned red berries throughout much of the year. The smooth, shiny reddish branches of manzanita species are similar (and the two genera are closely related), but manzanita species have much smaller leaves and are never as large as Madrone.
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Manzanita (Arctostaphylos spp.): About 100 species of Manzanita are found in California, many of which are extremely range restricted and difficult to identify. In stature, they range from creeping shrubs to small trees. Easy to recognize as a group by their maroon, chestnut red, or orangey trunks and branches that are smooth and shiny, and often covered in peeling and curled strips and flakes of bark skin. Leaves generally small and oval, and often dull green or silvery green. Small, pale, bell-shaped flowers appear in clusters in late winter and spring. The most common species in our area are good mycorrhizal hosts, but can be very tough to explore, both because they form impenetrable thickets and because they often grow in exposed and harsh areas that have short and irregular windows of fungal fruiting.

Widespread Ectomycorrhizal Conifers
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Douglas-fir (Pseudotsuga menziesii): The Douglas-fir is the most widespread tree in our range. Common from Santa Cruz northward (with a few scattered patches to the south); often growing in mixed forests with Tanoak and Madrone. Can be identified by its soft, light green needles that grow in all directions from the twig (not in a single plane like Coast Redwood) and medium-size cones (often littering the ground) with distinctive three-tipped “tongues” of papery tissue poking out between the scales. Bark of young trees is slightly rough and grayish, but trunks of mature trees become deeply and dramatically furrowed.
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Pines (Pinus spp.): Members of this genus have very diverse mycorrhizal communities that are often quite distinct from other conifers. Pines can be recognized by their long, thin needles in clusters (the number of needles per cluster is an important identifying feature), woody cones, and gray orange-brown or dark reddish brown scaly bark. There are four common coastal species in our area, as well a few others more often found in drier, inland habitat. Monterey Pine (P. radiata) occurs in coastal forests in Monterey and Santa Cruz Counties (but much more widely as a planted tree). It has long needles in clusters of three and egg-shaped cones 7–17 cm long, that lack sharp spines. Knobcone Pine (P. attenuata) is similar and also has needles in clusters of three, but has whorls of three to six asymmetrically humped cones covered in stout curved spines. The cones are held very tightly to the branches and trunk, and sometimes engulfed by the wood in age (only to be released by wildfire). Uncommon on the immediate coast; mostly found in drier zones and higher elevations. It is a short-lived, fast-growing tree with a distinctive thin, rangy stature.
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Bishop Pine (P. muricata) is also similar, but has long needles in clusters of two and spiny, egg-shaped cones 5–10 cm long. Mostly found in scattered populations along the coast north of San Francisco Bay to northern Mendocino County. Shore Pine (P. contorta subsp. contorta) is restricted to the sandy dune habitat of the Far North Coast, with scattered populations in Sonoma and Mendocino Counties. The short, irregular, often stunted trunks, short needles in bundles of two, and small cones are distinctive. Ponderosa Pine (P. ponderosa) is rare in our area, primarily found in a few areas around the Santa Cruz Sandhills, and drier or higher-elevation inland habitats. Recognized by its tall, straight trunk with large orange-brown “puzzle-piece” bark scales, long needles in clusters of three, and large, spiny cones.

Non-Ectomycorrhizal Trees
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Coast Redwood (Sequoia sempervirens): A truly majestic tree that is both a keystone ecological species and a dominant part of the California coast landscape. See the section on our area and the accompanying map. Easy to recognize by its pointed, stiff green needles arranged in a single flat plane, in combination with the fibrous-hairy, often deeply furrowed reddish brown bark. Does not form ectomycorrhizal relationships with fungi, but the dark, damp understory hosts a number of colorful Waxy Caps and Leptonia, some of which appear to be endemic to the redwood forest (although many also occur under Monterey Cypress).
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Monterey Cypress (Hesperocyparis macrocarpa): The Monterey Cypress has an extremely restricted natural range, comprising two small populations on the coast near Monterey. However, it is widely planted as an ornamental, and a few naturalized, dense groves are found along the coast, especially north of Santa Cruz. Recognized by the horizontal and often flat-topped stature when mature, and by the dense sprays of dark green, overlapping scalelike needles and small, globose cones with tight plates. The fungi that prefer cypress duff contribute significantly to the diversity and unique nature of California’s mycoflora; many are endemic to our area and are now very rare. Lepiota, Leucoagaricus, Agaricus, and Pseudobaeospora are especially diverse in this habitat. Many redwood-associated fungi can be found here as well, especially Leptonia and Hygrocybe.
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California Bay Laurel (Umbellularia californica): Often found in mixed forests, this tree forms especially dense groves in steep drainages and on open hillsides in the southern part of our area. Growing throughout our range, but rare on the conifer-dominated North Coast. Distinctive stature, with an often swollen and bulging lower trunk and many branches diverging near the ground. Leaves lance-shaped with smooth edges, glossy bright to dark green (but often covered in a sooty black mold). The leaves have a very strong, spicy odor when crushed (it can cause headaches!). Generally a very poor mushroom habitat, but many of the Hygrocybe and Leptonia found under Coast Redwood and Monterey Cypress are occasionally found in this duff. The decaying logs host an interesting assemblage of hardwood-rotting species that deserve closer investigation.

Finding Mushrooms

On the Redwood Coast, most mushrooms fruit during the cool, wet part of the year between early fall and early spring. This fruiting season begins and ends earlier in the northernmost parts of our range, spanning the months from September to early February. This contrasts with the southern part of our range, where mushroom season usually starts in earnest in mid-November and often persists through early March. No two mushroom seasons are alike, and the actual pattern of macrofungal fruiting in a given year can be expected to deviate significantly from anyone’s idea of a typical pattern.

There are many challenges inherent in mushroom hunting, not the least of which is that you are nearly guaranteed to get wet and chilly when you search for mushrooms in California: remember to check weather conditions and dress appropriately. Other inherent risks of outdoor endeavors also apply: carry plenty of water (and snacks!), tell someone where you’re going and when you expect to be back, and carry maps and/or a GPS unit if you are unfamiliar with the area. Getting lost in the mountains during a cold and wet winter storm can be fatal. Poison Oak is extremely abundant in our area, and the rashes it can cause can be extremely uncomfortable. Ticks are also a major concern (especially in areas where Lyme disease is common). A quick search online will turn up lots of information for avoiding as well as for dealing with ticks and Poison Oak. Mountain Lions are very unlikely to be encountered and even less likely to threaten your safety, but they are certainly worth keeping in mind when you are walking alone in the woods, especially near dusk or dawn.

Perhaps most frustrating for some people is the fact that the mushrooms themselves are unpredictable. An afternoon spent dashing about on a forested hill above the wind-whipped Pacific while uncovering King Boletes from beneath deep carpets of pine needles is primarily thrilling. And there’s a very different sensation—one of magic and marvel—when a glittering spot of blue among the thatch of redwood twigs turns out to be Leptonia carnea.

The knowledge and intuition required to find specific kinds of mushrooms take time to develop. Different species have their own favored fruiting times within the mushroom season, as well as different habitat preferences. If you intend to search for a particular species of fungus, doing a little research on its seasonality and habitat preferences will greatly increase your chance of success.

The seasonality descriptions found in this book are intended to be useful generalizations. If you look hard enough, macrofungi of some kind or another can be found fruiting somewhere during any month. The onset and persistence of the mushroom season vary, depending on many factors, particularly the occurrence of dry spells, heat waves, and cold snaps. The mushroom fruiting season also varies by the shape of the land: valleys and west- or north-facing slopes tend to be cooler and moister (at least in our Coast Ranges), while ridgetops and south- or east-facing slopes tend to be warmer and drier.

Although the seasonal patterns of mushroom fruitings can seem mysterious and even frustrating for beginners, after a few seasons of careful observation and experience, you’ll develop a sense for when and where different species appear. Joining a local mycological society or amateur mushroom club (see the list) is a great first step. Members of these clubs have years of accumulated knowledge and can provide you with support, companionship, guidance, and validation as you go about building and refining your knowledge of mushrooms. Your learning process will also be accelerated by taking field notes! This is an especially important realm of natural history record-keeping, since there are few existing data on fungal fruiting dates and locations. Websites like mushroom​observer.​org (see Resources) are very useful for consolidating and exploring this kind of information.

Collecting Mushrooms

Like beachcombing, tree-climbing, rose-smelling, and swimming, appreciating mushrooms is one of those beautiful activities that fundamentally requires no equipment. Go for a walk in the winter woods, looking for mushrooms and inspecting them to your heart’s delight. Enjoy the cloaking mists, the dark and drenched duff, and the brilliant company of mushrooms; you’ll soon intuitively learn much about their patterns and habits. However, as your interest grows and you start to wonder about their identities, you’ll find that certain equipment is indispensable (see the section on tools of the trade).

If you are gathering mushrooms to eat (assuming that you are absolutely certain of their identity), the pace of your collecting can become rather frenzied, as you dash from one productive area to the next, with your focus centered on a mental image of your target species. Once you’ve gathered enough to make a meal (or two, or five), the next step will be cleaning and preparing your mushrooms for cooking or storing (see the section on Collecting for the Table).

If you are searching for rare and unusual fungi, or surveying to find as many species as possible, the pace of your collecting should be much slower. Many minuscule and inconspicuous fungi will be missed by a hurried collector. Pause every minute to stop and look closely at the area around your feet. Don’t neglect the backsides and undersides of rotting logs, or the trunks and branches of trees above you.

Please keep in mind that mushroom collecting is unlawful in many places, and that there aren’t consistent regulations even for parks of the same type. For example, some state parks have a limit for the harvest of wild mushrooms, while others ban the activity outright; national parks are similarly uneven. Likewise, private property boundaries can be difficult to determine in the woods, and you may inadvertently end up speaking with an angry landowner. In all cases, keeping the woods clean, making sure the duff layer is relatively undisturbed as you harvest mushrooms, and respecting property boundaries will go a long way toward ensuring that we retain the few rights we have to collect mushrooms on public wildlands.

Identifying Mushrooms

Beginners should stick to large, distinctive-looking species when learning to identify mushrooms. Attempting to classify what David Arora calls LBMs (little brown mushrooms) is very difficult for novices. With a great deal of practice, however, many little brown mushrooms can be identified to genus or even species without a microscope. Inevitably, the littlest, brownest mushrooms (as well as some larger ones) will require a microscope to positively identify.

There is a general set of procedures you should follow to maximize your chances of identifying the mushrooms you find. This set of procedures begins while you are in the field. The following is a simple protocol geared to help you develop your identification skills.

Collect a small number of species to start. Beginners will often come home from the woods with a basket brimming with mushrooms and find themselves overwhelmed, discouraged by the seemingly impenetrable variability and diversity. Keep identification manageable by bringing home fewer than five species on your first outings.

Even though you might only collect five species, this does not mean you should only collect five mushrooms! Try to collect multiple fruitbodies of the same species. Most often, a single species will produce multiple fruitbodies in the same area, allowing you to collect several in good condition and of different developmental stages. Take brief field notes—date, location, surrounding trees, and substrate are the most important. The substrate is the material from which the mushroom was fruiting. Soil, wood, leaf litter, and other mushrooms are examples of different types of substrates. Digging up the very base of the mushroom can sometimes reveal buried wood—investigate carefully. Other important habitat includes the kinds of surrounding trees and plants, the elevation, and the distance from the coast.

Take photos of your mushrooms in the field. This is probably the single most useful step to aid later identification efforts. See the section on mushroom photography for more tips and techniques.

Keep collections of different species separate from each other. Waxed paper bags work well in relatively dry weather; otherwise tackle boxes are ideal, especially for small fruitbodies. When you return home, spread your collections out, keeping different species separate as best you can tell. Dedicate one or two of the more mature fruitbodies in each collection to making a spore print (see Making Spore Prints).

Write a simple description for each of the collections, perhaps including line drawings for any features of the mushroom you find distinctive (see the section on making descriptions). It is especially important that you write down notes on odor and taste at this point, since these characteristics often disappear rapidly.

Please note that tasting mushrooms is safe if a small, clean piece of the cap is nibbled and held on the tongue, and then spit out completely (distinctive tastes should be detectable within 20 seconds or so).

After writing a brief description of your mushroom, use the Pictorial Key to the Major Sections. We’ve decided not to include more extensive keys in order to make space for more photos. After you’ve identified the general group to which your mushroom belongs, page through the species descriptions looking for photos that closely match your mushrooms. Then read the text descriptions, and pay attention to the similar species mentioned in the comments. Once you feel fairly sure you’ve identified your mushrooms to species, seek verification from an experienced person (try online mushroom enthusiast groups, but beware the phenomenon of “Wikipedia Experts” who seem authoritative, but lack real robust knowledge of identification and often make subtle but critical mistakes).

Making Spore Prints

A spore print can be a critical first step in identifying practically any mushroom you may find. The goal is to assess the color of the spore deposit, which is simply a thick layer of spores. Follow these steps to make a spore print.

After removing the stipe (if necessary), place the gills, pores, teeth, or other fertile surface face down on a piece of glass, foil, clear plastic, or white paper. Let the mushroom sit undisturbed for six to eight hours. Smaller mushrooms may benefit from being covered by a glass or plastic container to prevent moisture loss and wind disturbance.

Carefully lift the mushroom off the surface to reveal the spore deposit. White or pale-colored spore prints can be difficult to see on white paper (tilting the paper can help) but are obvious if glass or clear plastic is placed on a dark background.

Observe the color of the spore deposit, preferably on a white or black background. Colored backgrounds can distort color perception dramatically.

Be aware that there is some subtlety in interpreting spore print colors—general terms are somewhat useful, but more subtle distinctions can be necessary, especially between different shades of brown.

Tools of the Trade

A number of tools are useful for collecting and identifying macrofungi.

A wicker basket is the best way to carry many collections at once. Relatively flat baskets are best, since they maximize the number of mushrooms that can be carried in a single layer (minimizing the risk of crushing). Cloth tote bags can crush mushrooms under their own weight.

Field notebooks are essential for anyone seriously interested in identification. Water-resistant notebooks (Rite in the Rain, for example) are especially useful in wet weather but are relatively expensive.

Tackle boxes are the best system for keeping collections separate and for keeping delicate specimens in good shape. Downsides include the awkward shape of the compartments when attempting to store larger fruitbodies, and poor breathability, which can accelerate bacterial decomposition (so don’t keep your collection in plastic longer than absolutely necessary).

Waxed paper bags are the best receptacle for larger fruitbodies, since they can better accommodate irregular shapes. Downsides include the difficulty of transporting multiple bags full of mushrooms (unless you’ve got a basket) as well as their tendency to disintegrate in wet weather.

Hand lenses are fun in the field, and indispensable back home when examining the smaller features of mushrooms, including details of gill edges and surface textures of many different structures. A 10x lens is usually strong enough for such purposes.

KOH (potassium hydroxide) is available as pellets from biological supply companies. When combined with water (3–10 g KOH per 95 mL water), it can be stored in a glass dropper bottle for about a year (after which it starts to become cloudy and weak). The tissues of some mushroom species change color when KOH is applied; these color changes can be very useful in identification. Be sure to take photographs of and make notes about any such color changes.

The importance of a camera for learning macrofungal identification is hard to overstate. A completely serviceable camera can be bought for less than two hundred dollars, and even many smartphones have good enough built-in cameras to get you started. See the section on photography for more information.

Serious collectors will need a food dehydrator in order to desiccate specimens to be deposited in personal or institutional herbaria. See the section on Making Collections below.

Making Collections

Making well-documented herbarium collections is one of the most valuable ways in which amateur mycologists can contribute to our understanding of the diversity and distribution of mushrooms. Each collection should be photographed and paired with a basic set of data:

1) species name (if known), 2) precise location, and 3) notes on habitat and morphology. The collection should be dried on relatively low heat (30°–50° C) until completely dry and crisp by using a commercial food dehydrator. The most crucial step is to pair a unique collection number with the photograph, the notes, and the physical collection itself. There are many ways of doing this, and even the simplest can be difficult to handle when a large number of collections are made. Be sure to figure out a system that works for you and practice with a small number of collections first. Once you’ve got the hang of it, stick to it! Writing a short document explaining your system will help herbarium managers receive your specimens. Although tailored for plants, Tim Ross’s Herbarium Specimens as Documents: Purposes and General Collecting Techniques is a brief, thorough, and humorous document covering the entire process. Reprints can be ordered at www.​socalbot.​org/​crossosoma.​php for very low cost.

Photographing Mushrooms

There are innumerable styles of mushroom photography, but photographers looking to document mushrooms for identification purposes should follow a few basic principles: All parts of the mushroom should be visible, either by taking a series of photos of a single specimen or by placing multiple fruitbodies of the same species at different angles in a single photo. A range of young and old fruitbodies should be shown. A cross-section can also be helpful to show the color of the flesh, and before-and-after photos showing KOH or other chemical reactions are also useful.

While automatic modes often do a fine job of determining camera settings, learning to use your camera’s manual mode will give you a lot more control in exposing correctly and capturing color accurately. In general, a low ISO setting (less than 640) and high f-stop (greater than 10) are desirable. A tripod is the single most valuable accessory you can pair with your camera to increase the quality of your pictures. Using a tripod allows for longer exposures (better for depth of field, even light, and accurate colors) that would be blurry if the camera were handheld. This is especially important since many mushrooms fruit in dark habitats beneath dense forest canopies.

Collecting for the Table

When collecting wild mushrooms for food, one rule supersedes all others: when in doubt, throw it out. If you are not sure that your mushroom is edible, don’t eat it. Assuming you are familiar with the species you are gathering, here are a few pointers on picking mushrooms for the table:


1. Clean your mushrooms in the field. “Field dressing” your mushrooms—cutting off the dirty lower parts of the stipe and brushing off the cap—will make the final job of cleaning them in the kitchen easier.

2. Collect only fresh fruitbodies, but be mindful that picking young, unopened fruitbodies is less sustainable than picking slightly older ones that have had a chance to release some spores (and younger fruitbodies are smaller!).

3. Keep different species separate—a jumble of dirty mushrooms can be a headache to sort later and can lead to dangerous mistakes.

4. Clean your mushrooms carefully. Vigorous brushing will tear many mushrooms apart, and too much water can make them soggy. However, don’t hesitate to use enough water to get your mushrooms clean! If they do become a bit waterlogged, cooking them longer can help drive off the excess moisture.

5. Cooking mushrooms is a fine art well beyond the scope of this book, and there are many excellent references available. However, we’d like to point out that the dry sauté is a very simple technique that is the starting point for many mushroom recipes. In this method, the mushrooms, either sliced or diced, are cooked by themselves over relatively high heat in a bare pan until they release their water and it evaporates. Only after this initial step is oil added.



Taxonomy and Cladistics

When we identify mushrooms by using a field guide, consulting websites, or examining microscopic features to compare against technical references, we are engaging in the science of taxonomy. A taxonomic system is a hierarchical arrangement of units called taxa (singular: taxon), which are grouped together according to shared characteristics. Carl Linnaeus (1707–1778) is referred to as the father of biological taxonomy because his system of naming and classifying organisms quickly became the standard in the world of academic biology. The great Swedish mycologist Elias Fries (1794–1878) took this broader system and refined it for use in the classification of macrofungi. Among the most important characters in Fries’ system are the shape of the fertile surface and the color of the spore deposit, as well as the colors and texture of the fruitbody.

In modern biological taxonomy, each species of living organism is given a two-part name. The first part is the name of the genus to which the species belongs and is always capitalized. A genus is a collection of species that are similar to each other with regard to a defined set of characters. The second word is the name of the particular species within the genus. What defines a species is a very complicated topic, particularly for fungi (more on that later in this section). In the case of the white Button Mushroom found at your grocery store, the binomial name is Agaricus bisporus.

What set of characters define the genus Agaricus? With the naked eye, we can recognize Agaricus by their free gills, dark brown spores, and presence of a partial veil (see diagram of fruitbody morphology). All members of this genus, despite the specific differences between them, share these characters. If we were trying to identify a mushroom that didn’t show these features, we would have very good reason to rule out the genus Agaricus as a candidate. Listing the characters that distinguish the species bisporus from the rest of the members of the genus Agaricus is a larger and more complicated task, and the species descriptions in this book are dedicated to just such endeavors.

Every named species also belongs to a named group at each of the taxonomic levels above it, although this is less relevant for most mushroom identifiers. In the case of Agaricus bisporus, we can trace the taxonomic hierarchy upward, with each category being more general (and thus more species rich) than the preceding one. The genus Agaricus belongs to the family Agaricaceae (which also includes Lepiota, Chlorophyllum, and Leucoagaricus), which belongs to the order Agaricales (nonrussuloid mushrooms), a subset of the class Agaricomycetes (which includes Russula and Lactarius), itself a member of the division Basidiomycota (all fungi that produce spores on basidia). All are members of kingdom Fungi.
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This morphological approach—which classifies mushrooms by shared physical characteristics—is powerful and especially useful for amateurs and field workers. However, it has been superseded in academic biology by the cladistic approach, which groups species according to genetic data. The cladistic system groups organisms based on their shared evolutionary histories rather than by shared morphological characters. Although these two criteria are not independent (because a species’s evolutionary history strongly influences its morphology), they are far from equivalent. For example, two organisms that are closely related may appear quite different to our eyes. Dolphins barely resemble bats at all, but do appear quite similar in body shape, behavior, and habitat to sharks. But bats and dolphins are both mammals and are therefore more closely related to each other than either is to sharks, which are fish. This phenomenon in which distantly related organisms show similar morphology is called convergent evolution; it occurs when different organisms adapt and evolve in response to similar environmental pressures over very long periods of time.

Convergent evolution is a common phenomenon in the world of fungi and is one of the main reasons that cladistic and morphological approaches to classification don’t always align well. For example, although most mushrooms of the genus Russula have a cap, a stipe, and spore-producing gills, they are not very closely related to the majority of other gilled mushrooms—their similarity in fruitbody shape is due to convergent evolution.

But how do we know this? What information requires us to reject our intuition about the classification of Russula? Most often, it is the use of genetic evidence obtained by sequencing an organism’s DNA. The “blueprints” for many aspects of an organism’s morphology, biochemistry, and behavior are encoded in the specific order of nucleotides in its DNA molecules. But the order of these nucleotides (and thus the information they contain) differs from species to species, and to a lesser degree between individuals of the same species. For this reason, DNA evidence can be used to illuminate similarities and differences between organisms that would otherwise have been hidden by the effects of divergent or convergent evolution. Generally speaking, the greater the percentage of shared DNA sequence between two species, the more closely related they are.

Determining the order of nucleotides that make up part of the DNA of a particular organism is called sequencing. After we obtain such a sequence, careful interpretation can provide us with clues about an organism’s ancestors, giving us another method of building a family tree. When we say that two organisms are each other’s closest relatives, we are implying that they share a more recent common ancestor with each other than with other organisms. This kind of evidence is central to our understanding of biological phenomena and is of especially great influence when we go about revising taxonomic arrangements. The complexities of cladistics are beyond the scope of this book, but it is important to keep in mind that cladistic classifications often conflict with our expectations when using morphology-based methods to classify mushrooms. While DNA-based cladistics are very powerful tools for building accurate family trees, the resulting reclassification of familiar organisms can be frustrating for field biologists.

The practical outcome of all this is that you’ll soon become familiar with mushroom identifiers saying “that’s what we call it here,” “it needs a new name,” “our local version of the species,” or “it used to be called so-and-so.” These expressions reflect one of the most frustrating facts of taxonomy and systematics: the scientific names of organisms are frequently changed. Why is this?

Scientists may give mushrooms new names for a variety of reasons: the original name may have been incorrect in some way (for example, a single mushroom species may have been given two names at different times), or the same name may have been mistakenly given to two different species. Much of the time, however, there is no error involved, but rather the new names reflect the reclassification of a group of species based on new data. It is worth noting that the degree of difference that separates two genera in one part of the tree of life might be equivalent to the difference between two families in another group of organisms. Keep in mind that, at their core, these distinctions are arbitrary.

For example, it has been found that within the genus Boletus there are many distinctive smaller groups, each of which could easily be considered to constitute a genus on its own. Those pretty red and yellow boletes identified as Boletus dryophilus have been given their own genus in older field guides and are now known as Xerocomellus dryophilus. Another example is the case of the Gilled Boletes (currently known as Phylloporus). Analysis of genetic data has shown that they fit in among the group of boletes in the genus Xerocomus. However, until the current species housed in Phylloporus are formally transferred into Xerocomus in a scientific publication, many people consider it most prudent to continue using the existing names.

Many of the species found in this book occur only in the western United States, but because of early mycologists’ habit of borrowing the names of European species to refer to American mushrooms, we are left in an odd position: Californian mushrooms are often quite different in morphology, microscopic features, ecology, and genetics from their European namesakes, but until a new name is published, the most effective way of referring to them may be to use an epithet that we know to be incorrect.

We recommend taking a practical view of things: incorrect names will be used to convey information, and if they succeed in doing so without creating any new confusion, don’t worry too much about it. The need for new names and critical study of California’s mushrooms is widely acknowledged and is slowly but surely being addressed.

How to Read the Species Descriptions

Our species descriptions are written in a standard format intended to make it easier for readers to find specific pieces of information about the characters of each species, since each subcategory within a description (cap dimensions, for example) will appear in approximately the same place on every page. The descriptive terminology used is for the most part consistent with all groups of mushrooms, but some groups have such distinctively different morphology that they require their own set of categories and terms.

The dimensions we list for the various parts of fungal fruitbodies are fairly general. (For more on mushroom morphology, see the chart.) We have tried to list an average range, along with any specific extreme dimensions we’ve recorded (noted in parentheses). Our use of general measurements rather than highly specific ones reflects the fact that fungal fruitbodies are dramatically affected by the conditions under which they are formed—a single mycelium may produce miniature or oversized fruitbodies depending on whether fruiting was preceded by drought or torrential rain. Species that produce larger fruitbodies generally show a larger range of variation in size, while those that produce smaller fruitbodies are usually more consistent. While we’ve intentionally kept our descriptions of size fairly general, our descriptions of colors tend to be a bit more subtle and specific. The text descriptions of colors are very important, since a single photo can’t hope to depict the full range of variation in a species. Keep in mind that some species never show much deviation from a specific palette of colors, and others seem to be able to produce a rainbow of pigments.

Mushrooms are extremely sensitive to the environmental conditions in which they develop. They are remarkably tolerant of adversity and are often able to produce and release spores even after being subjected to parching air, soaking rain, freezing temperatures, insect infestation, and bright sun. Under such conditions, you can expect that fruitbodies will look a bit worse for the wear—differing from what might be considered “typical.” What this means for you, esteemed mushroom identifier, is that you should always try to take into account the effect that such factors may have had on the shape, size, textures, and colors of a given fruitbody. Rain often washes out pigments, making them lighter or leaching them into other parts of the fruitbody; wind often dries out slime layers and causes caps to crack; sun often causes pigments to become paler; drought often results in miniature fruitbodies. As you become familiar with the mushrooms in your area, you’ll develop an intuitive sense for these variations.

General Format of the Species Descriptions

Name and author: After each species name, we list the authors of that name—the people responsible for the original concept of the species and for its current generic placement. If a researcher moves a species from one genus into another, the name is added to the author citation (the rules for how these are formatted are complex; for more information, see iapt-​taxon.​org/​nomen/​main.​php). The term “group” is used when there are presumed to be a number of different species going by the same name, and for which we have yet to develop criteria to adequately distinguish them. Some researchers propose names for species that have yet to be officially published; these are called provisional names and are denoted “nom. prov.”; they usually come with a fairly well-established species concept. In many cases, we have given species “tag names”; these are more or less equivalent to provisional names, but are in plain English (intended to be easier to remember). Lastly, we know that many of California’s mushrooms are incorrectly using European names—for such species, we’ve put “sensu CA” after the name. The authors believe that such species will likely be renamed after proper research.

Cap: Most of the species in this book produce fruitbodies that have some sort of clear cap or “head” that is described in this section. Those mushrooms with radically different structures will have other headings to better reflect their shape.

Gills and other fertile surfaces: This section will have many different names depending on the morphology of the species in question: spines, tubes, pores, or simply fertile surface.

Stipe: If the fruitbody in question has a stipe (whether clearly defined or not), it is described in this section. Some species produce fruitbodies that lack a distinct stipe and won’t have an entry for this section.

Veil (partial veil and volva): Veil tissues protect the developing fruitbody—universal veils enclose the entire fruitbody as it grows, while partial veils cover only the fertile surface until it matures enough to release spores. Only a few genera of mushrooms produce fruitbodies with universal veils; however, mushrooms with partial veils are common and found in many genera. The texture of these tissues ranges from thick and membranous (most often) to thin and fibrous, cobwebby, cottony, hairy, or fluffy. In many cases, descriptions of the universal veil tissue will also be included in other sections—as warts or a patch when found on the cap, or as a volva if it encloses the base of the stipe in age. Referring back to the morphology diagram should clarify things in case of confusion.

Flesh: Color and texture characteristics are noted in this section. It is best observed by cutting a fruitbody in half and breaking the stipe or pulling apart the flesh. This is destructive, so be sure to take note of other features before you mangle your mushroom! Note that by cutting and rubbing the tissues of a fruitbody, you expose the cell contents to oxygen in the air; in some species this will produce a distinctive (and sometimes surprising!) color change. In such cases, pay attention—this is an important identification character. Many mushrooms darken to some degree when damaged, but you’ll soon learn to distinguish trivial bruising from more pronounced color changes. Some common reactions are bluing, reddening, yellowing, and browning; blackening and purple staining are less common.

Odor and Taste: These are very important characteristics for any mushroom identifier to pay attention to, but are unfortunately rather variably sensed and described. Each person’s senses are a bit different, and it’s common for two people to describe the smell or taste of the same mushroom very differently. In general, we have found that descriptions of taste seem to be more consistent between people than descriptions of smell, which often vary dramatically. Even if you don’t agree with our descriptions of a smell or taste, it’s worth “calibrating” your senses to these descriptions, since much of the terminology we use is consistent with commonly established descriptions in prior literature. If you’ve confirmed beyond doubt that the mushroom you’re holding is Agaricus augustus (described as smelling like almonds in almost all literature), but you find it to smell more like hair gel, keep this in mind when you encounter “almond” in other species descriptions, as you may again interpret the species as smelling like hair gel. Remember that practically all mushrooms will begin to smell unpleasant in age as they begin to decay. Overall, try to tune your senses and make your descriptions consistent, and make comparisons with common scents (fruits, vegetables, herbs and spices, cleaning products, familiar chemicals). Don’t balance your entire identification on your interpretation of the smell. To safely taste a mushroom, bite off a small, clean piece of the cap flesh and nibble it on the tip of your tongue for 5–10 seconds, and then spit it out completely. It is perfectly safe to taste mushrooms (even poisonous ones) in this manner, as long as you aren’t ingesting the tissue.

KOH or other chemical reactions: The fruitbodies of some mushrooms change color when exposed to various chemicals (often called reagents). We’ve included potassium hydroxide (KOH) reactions for many species, since this chemical is relatively easy to obtain and is often useful in identification. Although there’s a wide variety of other chemicals that have been used by mushroom taxonomists, we only mention a few in our descriptions—many are hard to find, extremely toxic, and/or less useful for the average identifier. Keep in mind that the intensity of the reaction varies based on a number of factors: age of the fruitbody, degree of rain soaking, and strength of the chemical being used (KOH often becomes weak after a year or two).

Spore deposit: The color of the spore deposit is a very important feature to note when you are first starting to learn mushroom identification—see the section on Making a Spore Print. However, it takes a while to make a spore print, so it won’t be something you can determine in the field.

Microscopy: Since most people don’t have access to microscopes, we’ve included just a few of the most useful kinds of microscopic details. Spore shape and size are usually the most crucial features to note. For basic definitions and illustrations of microscopic structures and chemical reactions (amyloid, inamyloid, dextrinoid), see the diagram and the Glossary. For a more detailed look at mushroom microscopy, see Resources. There’s still much to be learned about the range and significance of variation in microscopic features of mushrooms—our data are representative but not definitive. Please seek out measurements from other sources and tell us what you learn!

Ecology: This section includes a summary of what the authors understand about the range, habitat, and seasonality of the species. Our knowledge is based most heavily on our own experience with the species, readings of primary texts, and discussions with knowledgeable identifiers and people who spend lots of time in the field. These are by no means definitive descriptions, and you are encouraged to report discrepancies between our accounts and your own observations to public forums like mushroo​mobserver.​org. The same goes for our interpretations of commonality—many species are reported as rare until their habitat preferences become well known. Likewise a species may be under-reported if its identification poses difficulties for most people (or if it lacks a name!).

Comments: This is a very important section. It summarizes the most useful identification features for a given species, and gives a rundown of similar species that you should consider and compare. It also includes occasional additional information unrelated to identification (interesting natural history notes, cultural uses, and the like).

Synonym and Misapplied Name: The scientific process of describing and naming species is far from perfect. Sometimes this leads to a single species of mushroom being given multiple names. Ideally, only one name should be used for each species. In this section, we list some of the commonly used or well-known (but incorrect, imprecise, or otherwise suboptimal) names for the species. Unfortunately, many species have undergone name changes recently, and older, “incorrect” names may be much more familiar than the most scientifically accurate name. For some undescribed mushrooms, we’ve used “tag names” to provide a descriptive but informal way to refer to them. In some descriptions, we use “group” names to refer to complexes of multiple species. In these cases, precise identification is likely to be difficult, complicated, or impossible given our current state of knowledge. We will keep track of nomenclatural updates relevant to the species found in this book on our website (www.​redwoodco​astmush​rooms.​org). Be sure to check in frequently; things change fast in the world of mushroom identification!

How to Use the Pictorial Key to the Major Sections

We’ve chosen to use a visual, rather than dichotomous key strategy in this book. Use the following pictorial key to help you narrow down the options when looking for a description that matches a mushroom you are trying to identify. Although the small images are intended to give you an idea of the group, no single image can accurately represent a group of species, so don’t get too hung up if your mushroom doesn’t match it perfectly. Instead, focus on spore print color (see this page) and stature. Carefully read the text for each group, paying particular attention to the structure of the fertile surface (gills, pores, teeth, or otherwise), gill attachment (if applicable), texture, and general colors.

Pictorial Key to the Major Sections
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    Chanterelles and Gomphoids—Spores white to ocher-buff. Blocky-triangular or trumpet-shaped to vase-shaped fruitbodies with low, ridgelike, decurrent “gills.” However, one Craterellus has a smooth fertile surface. Colors range from bright orange, yellow, beige to cream, and violet to black. Texture from thin and somewhat tough to firm and rubbery with stringy flesh.
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    Amanita—Spores white. Small to large mushrooms, most often with a ring zone or skirt on the stipe (except in one subgroup), scaly rings, a cup or saclike volva, or other veil remnants around the base of the stipe, and a patch or warts on the cap. Cap colors range from dull to very bright.
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    Cystoderma and Cystodermella—Spores white. Smallish mushrooms with narrowly attached, whitish gills, a partial veil on the stipe (sometimes only an obscure veil zone), and a granular, powdery, or scaly cap texture. Cap colors range from golden tan to brown or pinkish red.
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    Lepiota and Allies—Spores white (grayish green in Chlorophyllum molybdites). Rather small to large mushrooms with distinctly free gills, a partial veil present as a collar, skirt, or obscure ring zone, but lacking universal veil tissue. Colors mostly whitish to beige, some with gray, black, or brown scales (one species bright yellow and another small group with pinkish to purple cap colors).
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    Agaricus and Melanophyllum—
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