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INTRODUCTION



For the purpose of this field guide, the Southeast is defined as extending from northern Florida to Maryland and encompassing the states of Alabama, Arkansas, Georgia, Kentucky, Louisiana, Mississippi, North Carolina, South Carolina, Tennessee, Virginia, and West Virginia. This region includes portions of seven different physiographic provinces in eastern North America. A physiographic province is defined as a geographic region with a characteristic type of landscape and usually a different type of subsurface rock (e.g., sandstone or limestone). Both landscape and subsurface rock contribute to the development of what is often a distinctive type of vegetation.


The Coastal Plain makes up the largest land area of the Southeast, extending from eastern Maryland southward to northern Florida and west to Louisiana. Virtually all of Louisiana and Mississippi, as well as major portions of southern and eastern Arkansas, Georgia, South Carolina, North Carolina, and Virginia, fall within this province. The Coastal Plain is characterized by a relatively flat landscape and sometimes poorly drained areas.


Located west of the Coastal Plain is a second physiographic province, the Piedmont, which extends from eastern Alabama northward through Georgia, South Carolina, North Carolina, and Virginia to central Maryland. The Piedmont is composed of more rolling hills than the Coastal Plain.


The southern Appalachian Mountains occupy portions of nine states in the Southeast and include three physiographic provinces. The Appalachian Plateau (or Cumberland Plateau, as it is known in Kentucky) occurs from western Maryland to northern Alabama; this dissected tableland is broadest in West Virginia, where it occupies more than half the state. Located just east of the Appalachian Plateau is the Valley and Ridge, which also extends from western Maryland to northern Alabama; this region consists of a series of well-defined alternating ridges and valleys trending from north to south. The Blue Ridge, situated between the Piedmont and the Valley and Ridge, occurs from Maryland to northern Georgia. The highest mountains in the Southeast are part of the Blue Ridge, with numerous peaks reaching elevations of 4,000 feet and several exceeding 5,000 feet in southwestern Virginia, western North Carolina, and eastern Tennessee.


The Interior Low Plateaus of Kentucky, western Tennessee, and far northern Alabama occur to the west of the Appalachian Mountains and consist of rolling hills. In central and northern Arkansas, the Ouachita-Ozark Highlands province contains two relatively low-elevation mountain ranges (Boston and Ouachita) separated by the broad, flat Arkansas River Valley.



Overview of the Region



The Southeast is characterized by diverse topography, climate, and vegetation. In southern portions of the Coastal Plain, the landscape is rather flat, the climate is almost subtropical (with warm, humid summers and mild winters), and the forests are commonly dominated by pine or oak hammocks. At higher elevations in the northern portion of the Southeast, the landscape is often exceedingly rugged; the climate is much cooler, and the forests are dominated by red spruce and resemble those found in southern Canada. Other major forest types found in the Southeast include oak-hickory, southern mixed hardwood, northern hardwood, mixed mesophytic, and mixed oak. Mixed oak forests are particularly common throughout the Appalachian Mountains. The mixed forests of the Great Smoky Mountains in eastern Tennessee and western North Carolina are the most biodiverse temperate forests in the world, with more tree species than all of Europe!


Unlike other regions of North America, fire plays a minimal role in most southeastern forests. The longleaf pine forests are an exception because this species and other affiliated organisms depend on fire for their continued existence. Some regions in the Carolina foothills are believed to have had irregular fire regimes. Some of the spruce forests that once covered large areas in the mountains of Virginia and West Virginia were burned following logging operations in the late 19th and early 20th century. Prescribed burning is now carried out in portions of the Southeast.


The patterns of vegetation in the Southeast are a result of changes that have taken place since the end of the last major glaciation, which ended about 20,000 years ago. Except for a small area of Kentucky, the Southeast was not directly glaciated, but the environmental effect of the glaciers that occupied much of the northern United States was profound. For example, extensive areas of tundra, a vegetation type no longer present in the region, occurred in the Appalachian Mountains, and many northern tree species were present far south of where they now occur.


The diversity in vegetation and habitat just described is reflected in a correspondingly high diversity in the associated mushrooms and other fungi. The Southeast is one of the most mycologically diverse regions in the world. This diversity presents both an extraordinary opportunity and an immense identification challenge for anyone interested in collecting and studying fungi.
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High-elevation forests in the northern portion of our region are dominated by red spruce.
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Oak-hickory forest, another major forest type found in the Southeast.
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Typical southern mixed hardwood forest.







[image: Images]


Typical northern hardwood forest.
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Mixed oak forests are particularly common throughout the Appalachian Mountains.
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Longleaf pine forests depend upon fire for their continued existence.






Southeastern Fungi and Their Role in the Environment



What is a mushroom?


The term “mushroom” can have a variety of meanings, but in this context we use the term to refer to the fruiting body of any fungus (plural: fungi) large enough to be observed in the field. The vast majority of fungi are microscopic, so the groups of mushrooms we cover in this field guide actually represent a relatively small subset of a group of organisms whose species diversity is estimated to be several million. Fungi are abundant in nature, but they are often overlooked, usually underappreciated, and frequently misunderstood. Their ecological importance is vital to the functioning of the Earth, as will be discussed later in this section.


Mycology (the formal study of mushrooms and other fungi) had its origin in botany, since fungi were once considered to be members of the plant kingdom. Fungi lack chlorophyll, making them unable to photosynthesize. Instead, they obtain their food either by using enzymes to break down organic matter or by forming associations with other living organisms, including certain algae, animals, bacteria, invertebrates, slime molds, plants, and sometimes other fungi. The relationships fungi have with other living organisms range from parasitism to mutualism and are often complex. Some fungi are opportunists who cause disease if a tree’s health is already compromised, while others kill the host plant and then continue growing as they decompose the organic material. Other groups of fungi parasitize insects, killing and then consuming them. Some fungi specialize in parasitizing only other fungi or slime molds.


Decomposition


Fungi compete with each other for nutrients, and it is easiest to observe this phenomenon by looking for spalted decomposing wood. Spalted wood can be found in firewood piles, decomposing stumps, and artisan woodworking pieces. It is highly desired by fine woodworkers for its irregular dark lines; ecologically, these lines serve as “territory boundaries” for different fungi. Each individual fungus puts up a black line as a barrier between sexually incompatible neighbors, serving as a way for fungi to partition resources in a piece of wood. Some spalting depends on animals for transmission. Two such examples are the ichneumon wasp–transmitted Cerrena unicolor (mossy maze polypore) and the complex symbiosis between ambrosia beetles and a diversity of ambrosia fungi. Whether found in firewood, a woodworker’s spalted burl, or in a naturalist’s examination of a decomposing stump, these black lines provide a fascinating display of complex lives of fungi.


Fungi that depend upon dead organic matter for nutrients are termed saprotrophs, and they are absolutely essential for the decomposition and cycling of much of the Earth’s organic material. Many fungi are very adept at producing enzymes to break down and access nutrients from cellulose and lignin, which are the major chemical components of woody plant material. Some fungi are very specialized and only decompose the leaves of certain plants, whereas others can utilize a wide range of substrates. There are three commonly encountered types of rots, and each has its own way of accessing nutrients.


Brown rot is a very common type of wood decomposition. It is common to find old logs and stumps that are dark brown in color and are broken up into small cubical sections. This type of rot is caused by a diverse array of fungi, including many polypores. These fungi primarily break down hemicellulose and cellulose, leaving the lignin behind. The loss of these compounds compromises the structural integrity of the wood, causing it to shrink and break up into small cube-shaped pieces.


White rot is another major group of decomposers. There are many white rot fungi, including shiitake (Lentinula edodes). White rot fungi generally cause wood to become pale in color and stringy in texture. They represent one of the few groups of organisms capable of breaking down lignin. This occurs through a complex process in which the fungus uses multiple enzymes that essentially oxidize the lignin.


Soft rot is a third type of decomposer, but most species in this group are beyond the scope of this field guide. Like brown rots, these fungi access the cellulose in wood through enzymes, but their mechanisms differ; they are particularly resilient and able to grow in aquatic or marine environments.
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A decomposer—in the substrate of a house.
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Beautifully spalted wood on a rotting stump.






Mutualisms and symbiosis



The vast majority of plants worldwide depend upon fungi in order to grow and flourish. The roots of most plants are relatively inefficient at nutrient uptake and need to be colonized by the underground portion of a mushroom. The bulk of the biomass of fungi that form this type of association is in the soil. The fruiting body we typically find above ground is just the reproductive portion of a mushroom. The below-ground portion of the fungus consists of hyphae (singular: hypha), an intricate network of very finely branched, microscopic, thread-like structures. An entire mass of hyphae is referred to as a mycelium (plural: mycelia). Hyphae are only a cell wide, but they can be very dense in healthy soils. There are reports that a cubic inch of soil can contain several miles of these fungal threads, leading to the belief that some mushrooms are the largest living organisms in the world. This vast “wood wide web” connects with tree roots on a cellular level and establishes a nutrient exchange that is essential for the plants involved, the fungi themselves, and the health of the ecosystem. This mutually beneficial relationship is more formally known as a mycorrhizal association. The fungus enables the plant to access nutrients and water that would otherwise be unavailable, and the plant provides the fungus with sugars that are produced by photosynthesis. This network of mycelia not only connects plants within the same species but sometimes connects plants of different genera, thus serving as a biological network that can send nutrients and chemical signals.
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Ectomycorrhizal hyphae form a vital below-ground network with the roots of trees and other plants.
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An entire mass of hyphae, or mycelium, visible on a decorticated log.





Lichens are among the most conspicuous examples of a mutualism involving a fungus and another type of organism. Lichens are “composite” organisms; historically, they were believed to be made up of an ascomycete fungus (or very rarely a basidiomycete) and an alga and/or blue-green alga (more formally called a cyanobacterium). Recent research has shown that yeasts are also involved in this association. The vegetative body (or thallus) that results from the combination of these organisms is a remarkable structure that looks completely unlike any of the individual organisms. Lichens have an enormous diversity of shapes, sizes, and colors. The majority of the lichen thallus consists of fungal hyphae. Only a few mushroom-like lichens are covered in this field guide, but this very diverse and adaptable group of organisms is truly ubiquitous in our region and found in nearly all habitats.



Mushrooms as Medicine, Food, and Nutrition



The medicinal properties of fungi are underutilized in the United States; not only have we lost traditional knowledge of their uses, but clinical trials of new compounds take decades to be approved for application in a western medical setting. Nevertheless, extensive research supports the application of fungi in both traditional folk medicine and in western clinical medicine. Many compounds currently in use or in clinical trials have been extracted from fungi, including cordycepin (a promising compound for leukemia and other cancer treatments), cyclosporine (an immunosuppressant that makes organ transplants possible), ganoderic acids (a promising group that has shown anticancer properties), lentinan (used in some cancer treatments), penicillin (one of the key early antibiotics), and some statins (a group of medications that are essential for fighting cardiovascular disease). Most of these, along with many other compounds, have been found in fungi that occur in our region.


The ultimate question: How can you access and utilize these and other medicinal compounds from fungi if you are not a chemist? Without a laboratory, you typically cannot use any of these compounds in isolation; in many cases, however, they can be as or more effective in their natural states, which are accessible through home extractions. The best extraction process varies depending on the fungus with which you are working and what compounds are desired. The three most common types of extractions involve hot water, cold water, and alcohol. If you are trying to extract specific compounds, we suggest further reading in a medicinal mushroom or herbal medicine book. The chemical extraction process can be complex and can vary among different fungi.


Many of the medicinal polypore fungi in our region have compounds that can positively impact the immune system, and many of these compounds can be accessed simply by soaking the fungi in cold water or by simmering them over low heat. The resulting tea-like beverages are purported to help prevent sickness by optimizing the immune system’s function. We do not claim that any of these compounds will cure particular diseases or conditions, and we encourage anyone interested in utilizing these promising compounds to consult a health professional or the medicinal mushroom literature to learn more.
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Humans and mushrooms go back a long way. Western North Carolina mountain man and forager Tony Heffner picks chanterelles (Cantharellus lateritius).
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The jack-o-lantern mushroom, a look-alike to chanterelles, is bioluminescent (glows in the dark) when fresh (see Omphalotus illudens). Some wood colonized by certain fungi will also glow at night; this phenomenon is referred to as foxfire.





Many people are at first motivated to learn about fungi so they can find a gourmet meal in nature, and certainly—whether you are a four-star chef, a survivalist, a nature lover, or something in between—learning to identify edible and medicinal mushrooms can be a useful life skill. During the appropriate seasons, mushrooms can provide a substantial quantity of high-quality and nutritious food. This food source is generally underutilized in the Southeast in comparison to other parts of the world. Without a cultural context or the availability of mentors, it can be difficult to learn which mushrooms are safe to eat. In many parts of the world, among cultures with ancient traditions of mushroom hunting, much of the harvesting and identifying of the edible species is even done by children. Here in the United States, traditional mushroom hunting skills have been mostly lost. Sometimes, even seasoned wild food foragers make unfortunate mistakes in identification. One of the best ways to learn mushrooms is to join a regional mushroom club, where you can meet people who know the edible mushrooms in your area.


Mushrooms are such a large and diverse group of organisms that unfortunately there are no general rules to determine if a mushroom is good to eat or toxic. We can only advise users of this field guide who intend to eat wild mushrooms to take great care and not only learn the edible species but also carefully study and learn all of the look-alikes with which an edible species could be confused. We also suggest getting several field guides to see how different authors differentiate among similar species. Start slowly, learning only one or two edible species at a time and methodically studying them so that all their distinguishing features become apparent. If you are in doubt, throw it out! Sloppy taxonomy can lead to very sick and occasionally dead mushroom consumers. Please read the next section to learn about the different types of fungal toxins.


Keep in mind that there is also the chance of an allergic reaction to a particular species. It is important to eat small quantities and not mix species when you are eating any mushroom for the first time. Just like peanut allergies, fungal reactions can be specific to certain people, and if one person has a reaction to a certain mushroom, it does not mean that this species is toxic or that this person will get sick from eating other mushrooms. Know too that certain species have compounds that can react negatively with alcohol consumption.


Some favorite edible mushrooms can be bioaccumulators, meaning that they absorb heavy metals and other undesirable compounds. Take care not to pick mushrooms for food from potentially toxic environments, such as close to busy roads, golf courses, downstream of parking lots, and in the vicinity of creosote-treated wood. Do not store mushrooms in plastic; if mushrooms are kept in nonpermeable bags or containers, various molds, bacteria, and other potentially harmful secondary organisms can spoil them for human consumption. For short-term storage, it is best to keep mushrooms in paper bags or open containers in a refrigerator; drying, freezing, or canning are good options for long-term storage. Despite the risks just described, many cautious people around the world and in the Southeast eat wild mushrooms for their entire life without any issues.


To make mushrooms most nutritious for human consumption, they should be cooked. This even includes the store-bought button mushrooms, which are commonly served raw. Some widely eaten mushrooms—morels, for example—can be dangerous if eaten raw. Mushrooms consist primarily of water and chitin but also have many other nutritious components, including amino acids, proteins, chromium, vanadium, and selenium. The specific composition varies by species, so eating a diversity of mushrooms helps to maintain a balanced diet. Fungi can have high levels of vitamin D if exposed to the sun, including vitamins D2, D3, and D4. Exposure of the gill surface to sunlight after the fruiting bodies have been harvested has been shown to increase available vitamin D in shiitake mushrooms (and likely other mushrooms as well). Most vitamin D3 is derived from animal products or by spending time in the sun; Americans currently have record low levels of vitamin D because people spend less time outside and most animals are raised indoors. If you are concerned about maintaining healthy levels of vitamin D, spend more time out in the forests and fields, first hunting mushrooms and then eating big mushroom dinners!
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A squirrel has hung this mushroom out to dry.
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Caught in the act. This box turtle is a slow and steady mycophagist.





Humans are not the only animals that feast on fungi. A wide variety of organisms, from microscopic invertebrates to bears, use mushrooms as a food source. Some insects spend the majority of their lives in the center of a mushroom stalk or boring into the fruiting body of a polypore. The majority of the diets of some small rodents are composed of truffles, which have evolved to release pungent aromas once they are mature in order to entice animals to eat them. By digging for below-ground truffles, animals provide an essential ecosystem service of aerating the soil. Once the animal digests the fungi, the fungal spores will be dispersed throughout the forest in the animal’s scat. It is common to find where squirrels have cached mushrooms in the forks of trees to dry, and if you pay close attention, you may just find a half-eaten deer truffle (Elaphomyces) or a pile of their powdery blackish spores atop a log or at the base of a stump. Many vertebrates in our region have been reported to eat fungi, including armadillos, bears, birds, chipmunks, flying squirrels, foxes, gray squirrels, mice, moles, opossums, rats, red squirrels, shrews, terrestrial turtles, voles, white-tailed deer, wild pigs, and wood rats. Just because an animal is observed eating a fungus does not mean that humans should do it too. Many animals actually consume species of mushrooms that are very toxic to humans.



Mushroom Toxins



Very few mushrooms in our region will kill you, but many can induce very unpleasant symptoms. Most mushroom poisonings could be avoided if mycophagists were more cautious, understood all the relevant characters used to distinguish among different mushrooms, and thoroughly studied look-alikes. Individuals who have learned to eat mushrooms in other regions must be aware that what may be a safe and easily identifiable species in one place could actually be a different and toxic species somewhere else. If you or someone you know suspects that they have eaten a poisonous mushroom, seek immediate medical help! In addition, we recommend contacting the North American Mycological Association (NAMA), which has skilled mycologists in regions all over North America who respond to poisoning emergencies by assisting with identification. It is important to keep a sample of what you ate, particularly if it is a new species for you. Positive identification can help determine the type of toxin, what symptoms are likely to occur, the possibility of allergic reactions, the likelihood of survival, and treatment options. In addition, one should file a report on the NAMA website (namyco.org) of any recent or past poisonings. The national database of poisonings maintained by NAMA is a valuable source of information relating to the edibility and toxicity of fungi.


Mycologists estimate that there are approximately fourteen different groups of fungal toxins worldwide, ten of which have been reported from North America. There are still many species of mushrooms whose toxicity has yet to be studied. Toxins produce a number of different symptoms, ranging from mild gastrointestinal discomfort to a painful death. The vast majority of fungal toxins are not fatal, but they can produce symptoms such as nausea, vomiting, diarrhea, sweating, and hallucinations. Symptom intensity and survival varies based on the quantity eaten, an individual’s sensitivity, pre-existing health issues, age of the victim, and the presence of other substances (e.g., alcohol) in the body. Most nonfatal fungal toxins cause symptoms relatively quickly (in less than four hours); deadly toxins generally take six hours or longer to become evident. In the following section, we outline the eight most significant groups of fungal toxins in our region, along with the most common symptoms.



Amatoxins



Amatoxins are one of the major causes of fatalities from mushrooms. Individuals who have ingested a fungus containing amatoxins generally show symptoms in six to twenty-four hours. During this time, the amatoxins become absorbed in the body and circulate through the bloodstream, inhibiting protein synthesis. The first set of symptoms is excruciating pain, low energy, abdominal cramps, visual distortion, diarrhea, and vomiting. In some cases, the diarrhea will be bloody. Typically, these initial symptoms will pass and the victim often feels much better, sometimes leading to a mistaken diagnosis and release from medical care. Usually, in twenty-four hours to several days, symptoms return and signs of liver and kidney damage become apparent. Victims can die of organ failure or excessive blood thinning. Most individuals survive if they receive prompt and aggressive medical care, but they typically have lasting organ damage. In serious situations, emergency organ transplants, aggressive applications of IV fluid to flush the system, and silibinin (an extract from milk thistle) are used. Historically, activated charcoal and large doses of penicillin were suggested, but current research has shown this to be ineffective. In North America, some members of the genera Amanita, Conocybe, Galerina, and Lepiota have been documented to contain amatoxins.


Gyromitrin and monomethylhydrazine (MMH)


Gyromitrin and MMH are strong toxins that typically take five to twelve hours after consumption to produce symptoms. Symptoms include lingering headaches, nausea, vomiting, abdominal pain, a feeling of being bloated, diarrhea, muscle spasms, cramps, and a loss of coordination. These toxins sometimes cause fatal liver damage. MMH is a rocket propellant, and in the industries that use MMH, it is classified and regulated as a carcinogenic substance. How carcinogenic this substance is when found in mushrooms is not well understood, but studies with mice indicate that Gyromitra esculenta is highly carcinogenic. The effect of this group of toxins varies widely, partially because MMH is water soluble and volatile. Because of the chemical complexity and carcinogenic aspects of this group of toxins, we discourage people from eating fungi containing these compounds; however, many people in North America and Europe have traditions of eating species containing gyromitrin and MMH. Cooking these species in several different pots of water may remove some of the toxins (chefs have reportedly become ill from breathing steam containing the toxins), but it is not known if it changes the carcinogenic properties. The exact type and quantity of toxin present depends upon the species involved. Taxonomy in the groups of fungi that contain these toxins is undergoing revisions, so the level of toxins present in particular species is unclear. MMH and gyromitrin have been reported from some members of the genera Gyromitra and Cudonia. Historically, Helvella, Verpa, and uncooked morels (Morchella) were assumed to contain these toxins, but neither gyromitrin nor MMH has been confirmed in these three genera, indicating that a different neurotoxin may be involved.


Orellanine


Orellanine is a very potent toxin; however, it is known to occur in only a few species of fungi. The symptoms from this toxin are generally delayed for about eight days after consumption, but there are reports of symptoms manifesting after only two days and as long as three weeks later. Symptoms include chills and shivering (typically without a fever), headaches, nausea, vomiting, sweating, burning thirst, lethargy, loss of appetite, and frequent urination. This toxin is often fatal because it causes kidney failure, but in some cases where low levels of the toxin are consumed, partial recovery is possible. It is currently believed that this toxin is restricted to the family Cortinariaceae, primarily members of the genus Cortinarius. This genus is very large, and the toxicity and taxonomy of many of its species are not well studied. It is unclear how many species contain this toxin and which of these are found in our region. Orellanine and the fungi that contain it are fluorescent under ultraviolet light—typically blue, but the color can change substantially with oxidation. This is not a positive identification character since other substances in some fungi can exhibit fluorescence; and the absence of fluorescence does not rule out the presence of other non-fluorescent fungal toxins.
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Orellanine is believed to be restricted to the family Cortinariaceae, primarily Cortinarius species, which have a cobwebby protective covering (a cortina) when young.





Muscarine


Muscarine is a fast-acting toxin, and victims typically show symptoms in under an hour after consuming a mushroom in which it is present. Typically, recovery happens within twenty-four hours. The toxin impacts the involuntary nervous system. A few fatalities due to respiratory failure have occurred, but this is uncommon. Symptoms typically include excessive sweating, excessive salivation, excessive lactation (if pregnant or nursing), teary eyes, blurred vision, constricted (pinpoint) pupils, lowered blood pressure, irregular or reduced heart rate, diarrhea, difficulty breathing or bronchial asthma, and urgent urination. Some, but not all North American members of the genera Amanita, Clitocybe, Inocybe, Mycena, and Omphalotus contain muscarine, as do a handful of red-pored members of the family Boletaceae.


Isoxazole derivatives


This group of toxins, including muscimol and ibotenic acid, affects the central nervous system, and the symptoms they produce can be complex. They are rarely found by themselves and may interact with other toxins (often muscarine), so both symptoms and treatments can be confusing. Symptoms manifest themselves approximately half an hour to two hours after consumption and rarely last for more than four hours (although a few people have become comatose for up to six days); additionally, there may be the sensation of a hangover the following day. Symptoms frequently include delirious and manic behaviors, confusion, dilated pupils, visions and visual distortion (especially a tendency to perceive small objects as very large), sleepiness, a feeling of increased strength, poor coordination, a desire for intense physical exertion, muscle spasms, and vomiting. This group of toxins is found primarily in the genus Amanita and in at least one species of Tricholoma. People who experiment recreationally with Amanita muscaria and its varieties often fall victim to these symptoms. These toxins have not been reliably reported to be fatal (aside from one or two situations as a result of complications); patients primarily need moral support.


Psilocybin, psilocin, and indole derivatives


Psilocybin and psilocin are likely the most widely consumed fungal toxins. Unlike most fungal poisonings, ingestion of these substances is typically purposeful and not a result of poor taxonomy. These toxins can be potent and impact the central nervous system, resulting in mild to severe hallucinations. Symptoms generally become apparent within a few minutes to an hour. The intensity of the symptoms varies greatly among individuals, but typically symptoms include visions of brilliant colors (including sound-generated visuals), visual distortion, difficulty concentrating, major changes in perception of object size, anxiety, depression, excessive excitement, uncontrolled laughter, nausea, vomiting, and seizures. These substances produce symptoms very similar to LSD (lysergic acid diethylamide) and are believed to bind to the same sites in the brain. Fatalities are very rare, with only one or two reports of small children dying; however, among adults, there are sometimes lasting psychological effects. Cultures around the world use mushrooms containing these substances in traditional ceremonies and for religious purposes; however, these fungi and the substances they contain are currently illegal in the United States.


Most of the fungi containing these substances do not look like the more commonly eaten mushrooms. Generally, people who consume examples of this group of fungi do so deliberately and are at least partially aware of the consequences legally, psychologically, and physiologically. The effects vary greatly depending on the quantity ingested, the species of fungus involved, and the pre-consumption psychological condition of the person. People regularly go to the hospital as a result of consuming these fungal toxins, but little can be done medically unless there are complications or if the individual involved is a small child. In general, simply talking calmly, not making sudden movements, avoiding bright lights, and keeping noise levels low are the best way to stabilize and help someone who is suffering undesired symptoms from these toxins. Some fungi that contain these toxins also contain other substances, and this can complicate reactions. The greatest danger is that someone intending to eat a mushroom for a hallucinogenic result instead consumes a species of Galerina (see amatoxins); this mistake is deadly and has led to at least one fatality.


There is promising research about the use of this group of toxins in treatment/management of post-traumatic stress disorder and in helping to ease end-of-life anxiety. Some, but not all, North American members of the genera Conocybe, Gymnopilus, Inocybe, Mycena, Panaeolus, Pluteus, and Psilocybe contain these toxins.



Coprine



Some would argue that coprine is not actually a toxin because it becomes an issue only if the fungus has been consumed before drinking alcohol. Coprine increases the potency of the negative effects of alcohol and produces symptoms very similar to those associated with the drugs antabuse or antabus, which are used to fight alcoholism. There is typically a delay of thirty minutes to two hours before the onset of symptoms, which generally include rapid breathing, increased pulse, salivation, tingling or heavy limbs, headaches, disorientation, flushing of the skin, nausea, and vomiting. Coprine can stay in the system for as many as five days after consumption. Some recent studies have shown that coprine is carcinogenic in animals, indicating that any fungus containing this compound should likely be avoided. Coprine is present in the fungus Coprinopsis atramentaria. Many other fungi are occasionally problematic if consumed in combination with alcohol; the substances responsible are not always clear, and the symptoms induced may be related to allergic reactions.


Gastrointestinal irritants


The term “gastrointestinal irritant” describes the effect of one or many different toxins found in a wide range of fungi (most of them poorly studied); aside from acute symptoms, not much is known about their potential long-term impacts. Consumption of fungi that contain gastrointestinal irritants is almost never fatal, but the symptoms can be very unpleasant. Symptoms typically manifest twenty minutes to four hours after consumption and may include nausea, vomiting, intestinal or stomach cramps, and diarrhea. Some, but not all, North American species of Agaricus, Chlorophyllum, Clitocybe, Entoloma, Gomphus, Gymnopus, Hebeloma, Hypholoma, Lactarius, Omphalotus, Paxillus, Ramaria, Russula, Scleroderma, Tricholoma, and Verpa, along with some members of the Boletaceae, can induce these symptoms, which normally pass after the substance has been expelled from the body.



Morphology of Mushrooms



Mushrooms fulfill many ecological roles and are characterized by a large diversity of shapes, sizes, and colors. They also have characters that can only be observed with a microscope. Consideration of different characters makes it possible to identify a particular species or can help to narrow down mushrooms to certain taxonomic groups. Molecular evidence has in some instances confirmed traditional morphology-based classifications and in other instances has completely altered taxonomic classifications. For example, some puffball-shaped mushrooms are more closely related to mushrooms that form stalks and caps than they are to other puffball-shaped mushrooms; in the past, all these puffball-shaped mushrooms would have been placed together in the same group.



What’s in a Mushroom Name?



Two types of names are used for mushrooms; one of these is the common name, and the other is the Latin (or scientific) name. Many common names are general and do not necessarily refer to a specific type of mushroom. This can be both useful and confusing. For example, the name “chanterelle,” commonly used by chefs and mushroom foragers, refers to several hundred species in two genera found on six continents. Common names are of little taxonomic use; however, they make gourmet groups of mushrooms easily accessible to the public (particularly for culinary purposes). The most commonly encountered mushrooms usually have many common names that vary between regions and languages, and this can lead to confusion when discussing taxonomy. This potential confusion is why standardized Latin names are used. These scientific names are the basis of the Linnaean hierarchical classification system, whose levels—species, genus, family, order, class, phylum, kingdom, and domain—help us understand how different organisms are related to one another and to other groups of organisms. As their name indicates, fungi belong to the kingdom Fungi.


Although families are given, most of the focus in the taxonomic sections of this field guide is placed on binomial names. These consist of two parts, the first being the genus (plural: genera) and the second a specific epithet; together, they refer to a species. Ultimately, these two parts indicate the placement of a particular organism in the Linnaean system. For example, the classic mushroom with a red cap and white spots, commonly called the fly agaric, is Amanita muscaria. The first part of the scientific binomial, Amanita, is the genus, which includes several hundred related species that share similar characters. The specific epithet, muscaria, is used only for a single species. Sometimes, taxonomists recognize subspecies or varieties of a particular species, and these are added after the binomial.


Binomial names must be published with a complete description of the organism in question before they are considered valid. Each name is followed by the name or an abbreviation of the name of the person (or persons) who first described the species. This is called the authority. Taxonomic concepts are always subject to change, and technological advances (e.g., microscopes and DNA sequencing) have led to many significant changes in fungal classification. A species is sometimes originally described in one genus and then transferred to another, even one in an entirely different family. When this happens, the name of the person who proposed the change is added to the authority and the original author’s name is placed in parentheses. For example, Amanita muscaria (Linnaeus) Lamarck was originally described as Agaricus muscarius by Carl Linnaeus in 1753, and in 1783 it was moved to the genus Amanita by French naturalist Jean-Baptiste Lamarck. We call it Amanita muscaria to this day.


Taxonomy can seem confusing and arbitrary at times, and some have argued that it is the last art in the sciences. The need to classify is one of the few shared traits common to all humans. The very survival of our ancestors depended on their ability to distinguish subtle differences between the living things around them. Mistaken identifications resulted in the consumption of toxins, bites from venomous snakes, and the misapplication of natural medicines. Good taxonomy is in our genes and is a major reason that the lineage of anyone using this field guide has survived the gauntlet of natural selection. Learning to identify mushrooms or any other organisms is just a matter of honing your observation skills and awakening the discretion that your DNA has been perfecting since the dawn of the human race.


Taxonomists will likely continue to struggle with how to define a species, genus, family, or any other taxonomic category. It may seem obvious to some of us that a hummingbird, a deer, an oak tree, and a mushroom are different from each other. But how different are each of these things? Who is most closely related to whom? These types of questions are at the root of taxonomy. Early taxonomists could use only macroscopic characteristics that could be readily observed to distinguish among different organisms. In mushrooms, the characteristics used were such things as the basic shape of the fruiting body, presence or absence of a stalk, whether or not there were gills, and the color of the spores in mass. With the invention of the microscope, a large number of previously unknown characters became apparent and made taxonomy both clearer and more complex.


Over the past couple decades, the application of molecular-based studies to compare the DNA sequences of different mushrooms has both clarified and complicated taxonomy. These studies have revealed that many mushrooms previously believed to be closely related based on morphological characters are only distantly related and have simply evolved similar characters. This has led to ongoing changes in reclassification and has required major changes in the nomenclature used for mushrooms. If you compare this field guide with older mushroom books, you will likely notice different names for some of the same fungi. We herein provide what we feel to be the most appropriate classification based on our evaluation of current nomenclature in the mycological community.
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Gills, pores, and teeth are useful macroscopic identification characters.
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Present or absent? Gills are a key macroscopic morphological character.






Collecting and Studying Mushrooms



It is easy to collect a mushroom, but learning to identify it can be more of a challenge. Some species are so distinctive that it is possible to recognize them instantly in the field, but others are difficult to identify even for highly trained mycologists. In many situations, it is necessary to collect fruiting bodies and subject them to more detailed study in a home laboratory. The latter can be rather simple, consisting of a working space, a compound microscope, and a few minimal supplies. If you are primarily interested in learning to identify mushrooms for food, most of the commonly eaten species can be identified without a microscope; however, if you desire to delve deeper into the study of mushrooms, learning to use a microscope will open your eyes to another world!


Making a tentative identification in the field is possible in many instances, but conducting a more in-depth and thorough examination of a mushroom requires microscopic or possibly even genetic study. It is important to record basic information about the fruiting body—for example, where it occurred (e.g., on the ground, on decomposing wood, or associated with dead leaves on the forest floor). For potentially mycorrhizal fungi, the types of trees in the immediate vicinity of the fruiting body should be recorded. Whenever possible, multiple fruiting bodies of the species in question should be collected, and ideally different developmental stages (e.g., mature as well as immature). Take care to collect only those fruiting bodies that appear to represent the same population of the mushroom, because making a mixed collection of several similar species can cause great confusion later on. To mycologists, the term “collection” refers to one or more fruiting bodies that are from the same location and believed to be the same species. A collection of multiple fruiting bodies at different developmental stages can provide valuable taxonomic information. If you carry a camera, photograph the fruiting bodies in the field before they have been damaged in transport; take photos of all the different features and/or use several fruiting bodies to show all the characters in a single image. Consider carrying a tripod to obtain high-quality images, since mushrooms often fruit in low-light environments.


Be sure to collect the entire fruiting body. For some mushrooms (e.g., Amanita spp.), it is important to know what the base of the stalk and associated structures (e.g., volva and presence or absence of rhizomorphs) look like in order to identify it to species. Fruiting bodies should be loosely wrapped in wax paper or tin foil and placed in a basket or other container with rigid sides. Fishing tackle boxes are particularly well suited for carrying small fruiting bodies. The goal is to transport specimens intended for additional study from the field to the laboratory while keeping them as intact as possible.


For agarics, boletes, and many other mushrooms, the first step in identification is making a spore print. To make a spore print, cut off the cap at the top of the stalk (if the specimen has a stalk). Place the cap with the lower surface downward on a piece of white paper or tin foil, and cover this with a drinking glass, a bowl, or some other container for several hours or overnight. Placing the cap on the paper or foil in a plastic sealable bag also works. It is possible to begin obtaining a spore print in the field if a cap is removed, placed on a piece of paper, wrapped up, and placed in a collecting container with the lower surface pointing downward. It is sometimes possible to find a “natural” spore print that has been deposited on leaves, wood, or caps of other mushrooms directly beneath the fertile surface of a mature mushroom. Mushrooms with small fruiting bodies and thin caps often do not yield a lot of spores; in these cases, placing the cap directly on a glass microscope slide can be an effective way of obtaining a spore print.


Some mycologists make all their spore prints on microscope slides, because the spores are immediately ready to have a mounting medium applied and a coverslip added for microscopic examination. Sometimes, if a cap is left on a table overnight, a spore print will be apparent the following morning. Not all caps will yield a good spore print, often because of maturity or moisture. Since many agarics have white spores, it can be hard to see them on a white piece of paper until it is examined closely. Spore prints are the best way to determine the color of the spores in mass. This feature is particularly useful to differentiate between different groups of agarics. The spore print also provides easy access to mature spores for examination under a microscope to determine their size and ornamentation.


Once spore prints have been made, fresh odors and/or tastes recorded, and good notes/photos obtained, the specimen can be dried. It is important to air-dry mushrooms that are intended for scientific purposes. You can use a food drier as long as it can be set at low heat. Mushrooms that have been dried at too high a temperature often have their DNA damaged, making it difficult to obtain a usable genetic sequence. Temperature is not important in drying for culinary purposes. Once the specimen is dried, it should be placed in an airtight container to prevent damage from molds or invertebrates. If you combine your dried specimen with your images and notes on habitat, location, date, etc., it is possible to deposit the collection in a fungarium/herbarium (usually associated with a college, university, research institution, or museum), and/or you can work on identifying the species under a microscope at a later date.


To make a microscope mount of the spores from a spore print, place a drop of water or other mounting solution on a microscope slide, scrape a few spores onto the drop, and then add a coverslip. This method will show only spores. In some situations, it is necessary to examine other microscopic characters, and this requires slicing sections of different tissues. Observation of these characters also requires the use of a compound microscope. These microscopes can be purchased on the Internet, from scientific supply companies, or when a local school or university upgrades its laboratory equipment. The cost of a microscope varies greatly depending on the age and capabilities; however, a relatively simple compound microscope is all that is needed to identify most mushrooms. Purchasing a new microscope can be expensive, so generally a used one is the best way to start out.
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A white spore print in nature.





The ideal microscope should be equipped with an oil immersion lens and an eyepiece with an ocular micrometer. The oil immersion lens allows the microscope to magnify objects about 1,000 times, which is necessary to discern characters such as spore ornamentation. Once the ocular micrometer has been calibrated, it is used to measure different characters. A mechanical stage and electric light source are very useful features on a microscope. With proper care, a good microscope is likely to remain fully functional for decades. Many mycologists have a favorite microscope that they will use throughout their entire career.


Setting up a home mushroom laboratory requires little special equipment aside from a microscope. Other essential items are glass slides and coverslips, a small plastic ruler (for determining such things as the diameter of the cap and length of the stalk), a razor blade, a pair of forceps, tissue paper, and several small dropper bottles for the liquids used as mounting media. These items can be purchased in a specialty store, from a company that sells biological laboratory supplies, or on the Internet.


Water and Melzer’s reagent are the liquids used most often for studying mushrooms. Melzer’s reagent causes a staining reaction in some of the microscopic structures in mushrooms, making it useful to distinguish among certain species. If a drop of Melzer’s is added to a slide containing mushroom spores or tissue, three different color reactions are possible. If the tissue or spores turn a bluish black, the reaction is amyloid; if the tissues or spores turn dark reddish brown, the reaction is dextrinoid; if the spores or tissue stay the same pale reddish color as the Melzer’s reagent (i.e., there is no reaction), the reaction is nonamyloid.


In this field guide, we focus on macroscopic characters wherever possible, and we do our best to restrict the microscopic characters to the color, size, shape, and ornamentation of spores; however, many other microscopic features are very useful for identifying mushrooms. For example, cystidia (singular: cystidium) are special cells often associated with the hymenium (spore-producing layer) in many fungi. These special cells vary considerably in size and shape, and some have surprisingly elaborate ornamentation. Cystidia can be very useful characters when identifying different species of mushrooms. The two types of cystidia most often considered in descriptions of agarics are pleurocystidia and cheilocystidia. The former occurs on the faces (or sides) of the gills, while the latter is found on the edges of the gills. Both can be observed if a small portion of a gill is removed with forceps, placed on a slide in a drop of mounting medium, a coverslip added, and then enough pressure placed on the coverslip to crush the sample, making what is called a “crush mount.”


For a fresh fruiting body, a small portion of the gill can be placed directly in a drop of water on the slide. If the fruiting body has been dried, it is necessary to break off a small piece of the gill and transfer it to a large drop of alcohol (either 70% or 90% will work) on the slide. Allow the tissue to soak for a few minutes; the alcohol will evaporate, so it may be necessary to replenish the drop once or twice. Afterward, add a drop of water and a coverslip. The slide should be ready to observe under the microscope. It is possible to make this type of mount without alcohol, but it requires waiting longer for the water to be absorbed or adding a small amount of 3% KOH (potassium hydroxide). KOH is widely used in this manner because it typically causes the structures in dried specimens to expand to their full size. Lactophenol is sometimes used as mounting medium for spores when preserving a slide for an extended period of time. Slides prepared with lactophenol are semi-permanent, while those prepared with water, KOH, or Melzer’s reagent are only temporary.





THE MUSHROOMS



[image: Images]


Since the current estimate of fungal diversity is approximately 5.1 million species worldwide and fewer than 100,000 are described, it can be overwhelming to learn to identify a fungus; however, through the process of elimination, you can narrow down your search relatively quickly. For example, many fungi are microscopic or aquatic species and thus unlikely to be knowingly encountered on a hike in the woods. One of the best ways to narrow down your search is by using a key. Keys are sometimes intimidating, but they are intended to be useful tools to aid in the identification process. Find a quiet spot, sit down with the specimen in question, and read through the key. It may surprise you that it can often be quicker than flipping through pictures to identify your species. Because of the high level of fungal diversity, it is not possible for this field guide or any other book on fungi to comprehensively describe all fungal diversity, so a key is very useful in helping to narrow down your search. Even if you can make it through only a few couplets in a key, you will have eliminated thousands, if not millions, of species that your fungus is not. Once at the correct group, you can then study the illustrated species and the comments about related or look-alike fungi. If you are still unsatisfied with what you have found, you can turn to technical books or look for monographs on specific groups. Some of these books and articles are expensive collectables, long out of print, but many have now been digitized and can be found on the Internet.


The keys in this field guide use minimal technical terms and rely primarily on features that can be seen in the field. In some of the later couplets, where genera become very similar, a spore print is required; only one couplet requires a microscope. Spore color is one of the first characters used in most field guide keys, and this is very helpful in identifying mushrooms; however, it is seldom possible to determine spore color in the field. Fortunately, making a spore print is easy to do at home (see this page).


This field guide uses dichotomous keys, which means that there are two brief descriptions of features that contrast with each other. You select the one that most closely matches what you have found and follow the instructions at the end of the sentence. It is easy to have preconceived notions when attempting to key something out; however, it is important to focus on what is written and how it compares to the organism you are trying to identify. Nature is unpredictable, so sometimes characters of a specimen will fit into both couplets. If this happens, follow it in both directions until only one makes sense. Because fungi change throughout development, it is important to study a range of samples. Remember that some fruiting bodies can be atypical, and if one specimen has half a cap or has a second mushroom arising from its cap, it does not mean this is typical. Fungi are variable, and that is part of what makes them fascinating. Learning to key out and identify fungi should ultimately be fun, so do not let it frustrate you! Even professional mycologists who have studied mushrooms their entire careers often get stumped. Take it as a challenge, and enjoy the learning process!


Fungi belong to two major groups, the ascomycetes and the basidiomycetes. This field guide also includes a few species of myxomycetes (slime molds) in the final section. Myxomycetes are not true fungi (they are more closely related to protozoans); however, they typically occur in the same ecological situations as mushrooms. Historically, they were thought to be fungi, and some species are still confused with fungi today.


In the context of this field guide, we apply the term “mushroom” to any type of fungal fruiting body that is large enough to be seen with the naked eye. Other guides use the term only in reference to species whose fruiting bodies consist of an expanded cap-shaped structure that is held aloft on a stalk. Many of the latter have gills (blade-like structures that radiate out from the stalk) on the underside of the cap; these fungi are often called gilled mushrooms, or more formally agarics. “Toadstool” is also used by some authors, but this non-technical term has a wide variety of meanings (including being reserved for poisonous species), so we have refrained from using it.






KEY TO FUNGI SUBSECTIONS


1. Fruiting body cup-shaped, mound-shaped, elongated and sometimes with a distinct head or a sponge-like structure on a stalk, or ball-shaped and then occurring in the soil; fruiting body never with a cap; microscopic spores produced inside of a sac-like structure (an ascus)  …… Ascomycetes


1. Fruiting body usually with a stalk and a cap or shaped like a shelf, ball (then occurring in or above the soil), jelly-like, star-like, phallus-like, coral-like, club-like, or taking the form of a crust-like layer; microscopic spores produced on the end of a club-like structure (a basidium)  …… Basidiomycetes


Note: Since slime molds are not true fungi, the eight species of myxomycetes described and illustrated in the final section of this field guide are not included in this key. Nevertheless, myxomycetes are commonly found in the same habitats as fungi and thus are likely to be encountered by anyone who uses this field guide. Please refer to the Slime Molds (Myxomycetes) section.








Ascomycetes



Ascomycetes make up approximately 75% of all known fungi. Many are microscopic and fulfill very specialized roles, such as forming microscopic leaf spots on certain plant species. Others inhabit aquatic environments, spending their entire lives in ponds, lakes, and streams. This field guide includes representatives of many of the largest, most common, and most interesting ascomycete fungi found in the Southeast.


Ascomycetes typically have at least two reproductive stages (some species have more). In their sexual (teleomorphic) stage, the spores (ascospores) are produced inside of a special cell called an ascus (plural: asci). Typically, two to eight spores are produced per ascus, and they often line up like peas in a pod or are scattered like marbles in a bag. In their asexual (anamorphic) stage, fruiting bodies can look entirely different. The fruiting body is often covered in powdery spores (conidia), and these are typically produced in structures that resemble the beads on a necklace. Some ascomycete fungi are known only from the asexual stage, and others only from the sexual stage, but with the aid of genetics it has become more feasible to link the two. Since spores are typically several micrometers long, identifying some species will require examining the spores under a microscope at a magnification of 1,000×.


The most widely known ascomycetes are the morels, but there are many other common and interesting species. Many ascomycete fruiting bodies are shaped like cups, bowls, clubs, or globular truffles.






KEY TO THE ASCOMYCETES


1. Fruiting body clearly associated with or arising from another fungus, slime mold, living plant, insect, or spider …… 2


1. Fruiting body occurring on or in the ground or directly associated with dead plant material (litter, fruits and nuts, dung, dead wood or bark) …… 4





2. Fruiting body arising directly from an insect or spider …… [image: Images] Entomopathogenic Fungi


2. Fruiting body associated with a living plant, slime mold, or another fungus …… 3


3. Fruiting body arising from a living plant …… [image: Images] Plant Pathogens


3. Fruiting body arising from slime mold or another fungus …… [image: Images] Mycoparasites


4. Fruiting body occurring in the ground but also sometimes partially emergent …… [image: Images] Truffles


4. Fruiting body occurring on the surface of the ground or directly associated with some type of dead plant material …… 5


5. Fruiting body consisting of a stalk and a clearly distinct head, the latter expanded and brain-like, mound-like, pitted, convoluted, or sponge-like …… [image: Images] Morels and Relatives


5. Fruiting body cup-shaped, club-shaped, or mound-shaped …… 6


6. Fruiting body club-shaped (but not arising from an insect or other fungus)  …… [image: Images] Club Fungi


6. Fruiting body not as above …… 7


7. Fruiting body more or less cup-shaped, saucer-shaped, or goblet-shaped, the entire structure sometimes irregular …… [image: Images] Cup Fungi


7. Fruiting body mound-like or ball-shaped …… [image: Images] Wood Mounds





Entomopathogenic Fungi



Entomopathogenic—the word may seem excessively long, but it is easier to understand if you consider its etymology. It derives from the ancient Greek, entomon (“insect”), pathos (“disease”); hence, entomopathogenic (“insect-disease”). Entomopathogenic fungi are ascomycetes that are parasites of insects and spiders. As a group, they show promise in western medical applications. The rare white Elaphocordyceps subsessilis (syn. Cordyceps subsessilis), which we have encountered at high elevation in our region growing from beetle larvae in decomposing logs, was the original source of cyclosporine, an immunosuppressant that makes organ transplants possible. Another compound, cordycepin, with potential applications against leukemia and other cancers, was first found in an Asian species, Ophiocordyceps sinensis (syn. C. sinensis); current research indicates that some of the species found in the Southeast may share similar compounds. Entomopathogenic fungi are being used in some parts of the world as a biocontrol (mycoinsecticide) for some pest insects. Releasing organisms to kill other organisms is complex and controversial; however, a strong argument can be made that with careful research, the use of these species of fungi is more environmentally friendly than most chemical insecticides.


Outside of Asia, the mountains of the southeastern United States are home to the greatest known diversity of entomopathogenic fungi in the temperate world. In tropical regions, these fungi become even more prevalent and diverse. Entomopathogenic fungi have a wide range of morphologies and host preferences, ranging from microscopic parasites of aphids and scale insects to more substantial club-like fungi arising from large beetle larvae. Many mushroom guide books consider this group of fungi very rare and illustrate very few species. In the Southeast, these fungi are not as rare as typically reported. The primary reason they are seldom seen is because most mushroom hunters and naturalists are not aware of how to look for them. Since these fungi have actually killed and grown out of an insect or spider, you must look in habitats where the host would be before it died. Likely habitats are the undersides of living leaves, decomposing logs, sheltered spots at the edge of small rock overhangs, road banks, edges of streams, and small branches on hollies or other shrubs. Slowing down and studying the environment around you will increase your awareness of these fungi as well as countless other natural history phenomena.


Take care to collect the entire specimen of this type of fungus from the ground or decomposing wood without separating the insect host from the fruiting body. If the host is lost and was not identified, it can be more difficult to determine just what species of fungus is represented. In mid- to late summer of moist years, if you know how to find these fungi, it is possible to find half a dozen or more fruiting bodies of several species in an afternoon hike. Just as with disease outbreaks in humans, when you find one parasitized insect, it is likely you will find more in the same area, particularly if the host is a species that lives in colonies or dense populations. Also see Septobasidium ramorum, which is the only non-ascomycete entomopathogenic fungus in this field guide. Enjoy hunting for and identifying the elusive and fascinating entomopathogenic fungi!





ENTOMOPATHOGENIC FUNGI




Akanthomyces aculeatus Lebert



MOTH AKANTHOMYCES


FAMILY Cordycipitaceae


[image: Images]


Thin, rod-like structure with an expanded to club-like apex, 1–8 mm long and 0.1–0.5 mm wide, white, arising from white mycelium that partially or completely covers the body of a dead moth and usually extends to the substrate upon which the moth occurs; spores (conidia) hyaline in mass, 3–6 × 2–3 µm, broadly elliptical or egg-shaped, smooth.


Habitat/Biological Role: Parasitizing and emerging from the bodies of moths, with multiple rod-like structures arising from a single moth; usually appearing during the summer but can linger into winter. Parasite of insects (in this case, moths).


Distribution: Frequent in our region during wet years and widely distributed throughout eastern North America and elsewhere in the world, most frequently in the tropics.


Comments: The host is often attached to a branch or leaf above the ground. Cordyceps tuberculata also occurs on adult moths but differs in having several stalks with several prominent yellow to pale brown perithecia near apices. The anamorphic stage of C. sphingum (syn. Hymenostilbe sphingum) is similar, but the conidia are solitary, whereas the conidia of Akanthomyces aculeatus are chain-like. Other Akanthomyces species found in our region are not reported to parasitize adult moths. The distinctive A. aranearum parasitizes spiders; it has multiple thin club-like stroma arising from the host with white upper portion when young and is pale brown with age or at base. Edibility is unknown, but if dried with care, specimens keep well and are great for conversation pieces or teaching tools. In our region, a very common parasite of the Carolina leaf roller cricket (Camptonotus carolinensis) looks very similar but currently seems to be an undescribed species of fungus.





ENTOMOPATHOGENIC FUNGI




Beauveria bassiana (Balsamo-Crivelli) Vuillemin



PATHOGENIC INSECT MOLD


FAMILY Cordycipitaceae


[image: Images]


Layer of white mycelium that covers portions of the body of a dead insect or other arthropod (e.g., spider), powdery due to the presence of masses of spores; frequently fruiting at the exoskeletal joints; spores (conidia) white in mass, 2–3 × 3 µm, more or less globose, smooth.


Habitat/Biological Role: Colonizing the bodies of insects, both adults and larvae; parasitized insects are most commonly encountered in summer but can be found throughout the entire year. Parasite of insects and other arthropods.


Distribution: Found throughout the world in soils but evident macroscopically only when colonizing the body of an insect or other arthropod.
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