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I n t r o d u c t I o n xiii

a few illustrations, revealed a sort of cohesiveness in form and color. It 
was more like recognizing family resemblances. We found about 
2 pounds of chanterelles that day, and once home we sautéed them with 
butter. We rolled up the slick, fleshy nubbins of mushroom in delicate 
crepes with queso anejo cheese, sweet and sour as the milk burp of a baby.

My husband is one of those hiking people. His first Christmas gift to 
me was a sleeping bag. (“But it zips up to mine,” he said when I looked at 
him for an explanation.) The truth is, I couldn’t understand the attrac-
tion of clambering over scree only to reach the top. I recognize that other 
people find this immensely rewarding, but true to my upbringing, when 
I connected to nature at all, it was via food.

A few weeks after the mushroom hunt with Peggy, I reluctantly 
agreed to a hike up Bald Mountain, near our cabin. We had company, 
and company expects to climb mountains when they’re visiting Colo-
rado. We had walked maybe 5 minutes when Kevin called for me to 
come and look. He’d found a mushroom with a cap as big as a salad plate 
and a stem so fat I couldn’t get all my fingers around it. Right away I 
recognized it as a porcini. It 
didn’t look at all like the small 
sample Peggy had shown me, 
yet I knew it the way you 
know when you have met 
someone before. One minute 
we were walking through a 
forest, and then, as if by 
magic, we witnessed the con-
version of the forest f loor. 
Every where, boletus :  big 
spongy mature specimens and 
hard young ones that looked Hunting mushrooms on Bald Mountain

00i-0xx_043720_FM.indd   13 9/8/11   9:41 AM

09082011094207



M y c o p h i l i a6

Most mycological societies 
have a scientific advisor affiliated 
with the club who instructs the 
members on regional identifica-
tion. This is important, because 
the toxicity of mushrooms can 
vary according to their habitat, 
their age, and their method of 
preparation, and because mush-
room identification books can be 
deceiving. What does “edible with 
caution” mean? The New York 
Mycological Society has a number 

of expert amateurs, but our guru is Gary Lincoff, the author of The 
National Audubon Society Field Guide to North American Mushrooms, a 
menschy, approachable fellow whose knowledge is as encyclopedic as his 
collection of mushroom-themed T-shirts, which he wears over long-
sleeve shirts—a look not every man can pull off. Experts like Gary are 
keen to disabuse members of wives’ tales like poisonous mushrooms tar-
nish a silver spoon, mushrooms that grow on wood are safe, mushrooms 
that animals eat are safe, and mushrooms that can be peeled are safe. 
(All untrue.) Their portfolio of sayings usually includes witticisms like 
“No mushroom is poisonous until you eat it” and “Leave one mushroom 
for the mycologist and one for the doctor.”

In 1973, the North American Mycological Association established a 
toxicology committee, and in 1982, they created the Mushroom Poison-
ing Case Registry based on voluntary information from the regional 
societies and the American Association of Poison Control Centers. Only 
1⁄2 to 1 percent of poisonings that are reported to poison control centers 
each year are attributed to mushrooms, and of that, according to a 

amanita muscaria
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F o r a y s  a n d  F e s t i v a l s 9

There are lesser poisonings, too, usually nonfatal but still unpleas-
ant. One is Antabuse syndrome—named for the drug prescribed to 
manage alcoholism. Eating certain mushrooms with alcohol can make 
you sick, hence the name of the poisoning. The most famous example is 
the inky cap mushroom (Coprinopsis atramentaria), also known as the 
tippler’s bane. Pantherine syndrome is a sort of inebriation—it’s like 
being drunk, sometimes dead drunk, as in a virtual coma—caused by 
eating Amanita muscaria. The psychoactive effects of “magic mush-
rooms” are known as tryptamine poisoning (psilocybin, the active 
ingredient in the magic mushroom, is a tryptamine). It is most often 
administered intentionally and is characterized by euphoria, distress, 
uncontrollable laughter, hallucinations, and agitation, often followed, for 
a number of days, by a feeling of well-being. About 4 grams of dried 
psilocybin mushrooms will cause intense hallucinations. “Talking 
down” the patient is the usual treatment. Some species in the Clitocybe 
and Inocybe genera cause muscarine poisoning, which presents as sweat-
ing, drooling, and gastrointestinal disorders, and in very severe cases, 

a poisonous morel (left) and edible morel (right)
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F o r a y s  a n d  F e s t i v a l s 13

notice there are 30 minutes left in the hunt. After 119 minutes, a siren 
will sound twice, notifying hunters they have 60 seconds in which to 
turn in their mushrooms to officials. (At this point, the assembled group 
started looking at one another in confusion.) Sixty-one seconds after the 
final siren has been sounded, hunters will be penalized 10 mushrooms 
for lateness. Anyone more than 10 minutes late forfeits his or her mush-
rooms. No pooling mushrooms, no getting unauthorized help. No dam-
aging the fungus that lives belowground.

Then, after a few words about how big the hunt had become in its 
12 years of operation and, to my relief, some general directions regard-
ing the elm woods beyond the range, Tom pulled the trigger of his 
starter gun and off we all ran, a rather undignified crowd of 300 flap-
ping across the grass in our rubber boots. Al and Dee headed west into 
the woods, and I followed.

Dee disappeared right away, but Al led me along, a 16-ounce can of 
Busch beer in one hand, smoking cigarettes the whole time, pointing 
with his lit butt at one tree or another. In the Midwest, given the right 
temperature and rainfall, morels may be found in abundance under 
dying elm trees. And due to Dutch elm disease, a fungal blight, there are 
a lot of dying elms.

“You’ll find morels under that there elm,” he said, pointing at a 
dense thicket. While Al sat on a stump, I crawled under, my clothes and 

hunters take off across the golf course at the illinois state Morel Mushroom hunting championship.
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others had had more luck foraging. There were easily 40 different species 
on display, each coded with either a place-setting symbol (which indi-
cated it was edible) or a skull and crossbones, and as we lingered, listen-
ing in on the open and easy sharing of mushroomy information, I 
realized that there were two castes of people at the camp: those who were 
interested in fungi primarily from a biological standpoint and those who 
were interested primarily from a culinary standpoint. In the first group 
were men who rather aggressively corrected each other’s identifications, 
as well as nerdy scientific types who inspected the samples with magni-
fying glasses and rolled the Latin names of the mushrooms over their 
tongues like sour balls. I am of the lower caste: a belly feeder, interested 
in hunting for the pot.

Setting aside the obvious problems with poisonous mushrooms, 
there are a few guidelines to eating wild edible mushrooms safely. First, 
know your mushrooms. As Gary Lincoff likes to say, “Any mushroom is 
edible once.” Eat only one species at a time the first time you eat them 
(combining species will make it harder to determine which one you are 
having a bad reaction to). Eat only young, very fresh specimens. Mush-

rooms should not be eaten 
raw. Mushroom cell walls 
are made of chitin (pro-
nounced ky-tin), the same 
stuff that crab shells are 
made of, and it’s hard to 
digest. It is actually a 1-4 
linkage of glucose—kind 
of like a very thin, crispy 
candy. But it is supertough 
stuff: Chitin’s strength, 
along with turgor pressure Mushrooms breaking through asphalt
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increased sense of smell,* and that one’s smelling ability can be developed. 
Renee, a low-voiced Canadian who clearly hated her microphone, pointed 
out that quick-rotting mushrooms rarely have smells, and that mush-
rooms smell less intense in cold weather. Some mushrooms have two 
smells, one for the stem and one for the cap, and dehydration can either 
increase or eliminate the odor of mushrooms. Then she covered the range 
of mushroom smells, sort of like a wine wheel: bitter (onion or garlic), 
bitter almonds, sweet almonds, anise, maple syrup, chicken bouillon, 
curry, rotten cabbage, bleach, mealy (like flour), cucumber, a smell like 
when you iron clothes, flowers of various sorts, bubblegum, tar, ether, 
honey, coconut, tangerine, raw potatoes, celery, pear, fish, rotting meat, 
burnt sugar, and sperm.

One of the most popular presenters on the foray circuit is Tom Volk, 
a mycology professor at the University of Wisconsin–La Crosse. Lots of 
people in the mushroom scene call Volk the rock star of mycology, and 
for two reasons: He is adept at speaking to popular audiences, and he is 
heavily tattooed, with earplugs (not the kind that muffle sound) and blue 
bangs. Volk had the 8:00 p.m. slot on Saturday: the prime time of the 

*Hyperosmia, which, unless you are a wine connoisseur, is considered a medical condition, is also
a side effect of psilocybin, the hallucinogenic chemical in Psilocybe mushrooms.

tom Volk’s tatoos depict fungal hyphae and spell “mykos.”
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experienced by space shuttle astronauts at takeoff. It shoots spores 6 feet 
up and 8 feet out, to land in a patch of grass where the spore is consumed 
by an herbivore, passes through its stomach where the animal’s internal 
heat activates the fungus’s spores, and then germinates on its dung, 
bringing the cycle full circle. (One hundred years ago, scientists used to 
have contests to see whose Pilobolus culture could shoot the farthest.) 
Another fungus, the sphere thrower, suddenly turns itself inside out in 
order to expel its spores.

Fungi use animals to disperse their spore, too. Truffles emit the odor 
of certain mammalian pheromones that stimulates animals to dig up the 
fungus. (It’s an odor that turns on the human diner, too.) The netted 
stinkhorn, a truly repulsive-looking mushroom, smells like rotting meat 
(actually, it’s the spores that stink). It attracts flies, which pick up the 
sticky spores on their legs and transport them to another stinkhorn or a 
new habitat.* A rust fungus infects certain plants and induces them to 
grow dense leaves that look like flower petals at the tips of their stems. 

These pseudoflowers are brightly 
colored and smell sweet, and on 
them are sticky spores, which 
insects encounter and transport to 
other plants.

Bioluminescent mushrooms 
may glow in the dark to attract 
spore-dispersing insects at night—
mushroom expert Larry Evans 
likes to call them insect discos. In 

*The stinkhorn is distinctly phallus shaped. One of the stinkhorn species is called Phallus
impudicus, or impudent phallus. Another species, Mutinus caninus, looks just like a dog penis.
And still another, Dictyophora duplicata, if picked in the young button stage, will likely develop
an erection by the time you get it home. English maidens were warned about touching them, but
the Chinese cultivate them—when the spore mass is removed, the mushroom is edible—and serve
them braised in broth to foreign dignitaries. It’s a symbol of power. When he was secretary of
state, Henry Kissinger ate one.

netted stinkhorn
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The hypha grows one 
cell at a time—but it doesn’t 
grow in just one straight 
line: That wouldn’t be a 
very efficient survival tech-
nique. Rather, the hypha 
branches, growing in three 
dimensions if that’s where 
the food is and there is 
nothing in its way. Myce-

lium typically grows in a circular pattern to maximize its chance of find-
ing nourishment. Starting from its food point of origin, the hyphae grow 
out in all directions, creating a ring of growing hyphal tips, sort of like 
the ripple wave created when you toss a pebble into a pond. This growth 
pattern causes the red ring you see when you have ringworm, the fungal 
skin disease. It is also the mechanism behind fairy rings, those mush-
rooms that grow in a ring on your lawn: The mushrooms indicate where 
the hyphae have grown.

These branching hyphae become increasingly meshed and matted, 
creating a spiderwebby substance collectively called mycelium. When you 
break up a rotting log and you see that cotton-candy-like stuff running 
throughout the wood, what you are seeing is the mycelium: thousands 
upon thousands of hyphal threads, each one a single cell thick, and each 
probing tip secreting enzymes that break down the food source, each one 
a food absorption point. As one purply mycologist described it, the myce-
lium is composed of “transparent tubes, branching and rebranching [and 
in each] a rushing torrent of the living contents, the protoplasm, pressing 
toward the ever expanding tip.”

Mycologists have measured intense pressure inside those hyphal 
tips. Turgidity (the pressure inside the cell, usually from water) is essen-
tial for growth in the face of obstacles. The mycologist Nicholas Money 

a fairy ring illustrates the spherical nature of fungus 
mycelium.
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has measured fungal turgidity at 1 to 10 atmospheres (for comparison, 
the air pressure in a car tire is 3 atmospheres).

Depending on the species, mycelia can grow into complex mats or 
ropey forms, and their size and density may be dictated by the available 
growing space and food supply—there can be as much as a ton of myce-
lium per vegetated acre. There is also some evidence that hyphae follow 
rules of predetermined growth like plants. There is a proscribed amount 
of space between the hyphal tip and the place where it branches, for exam-
ple; but unlike the branches and twigs of a tree that grow smaller as the 
organism as a whole grows larger (there’s actually a name for that—apical 
dominance), hyphae are thought to grow the same all over the organism.

You’d think that each individual hypha is after its own food, but 
actually, when one hypha comes in contact with a new food supply, the 
mycelium—the collective hyphae—turns its attention toward that new 
source and mobilizes its energy to grow toward it and exploit the new 
food. All the hyphae in a mycelial colony have the same set of chromo-
somes: They’re not individuals in a genetic sense, but clones, like a grove 
of aspen trees. Some mycologists describe fungal mycelium as a single-
minded organism, and plenty of mushroom enthusiasts talk about fungal 
intelligence. The evidence most often cited is a Japanese study that tested 

the intelligence of slime mold by 
placing pieces of the mold in the 
middle of a 5-inch-square maze 
with a food source—a bit of 
grain—at the exit points. Since 
the hyphae of fungi grow in 
every direction at once in search 
of food, the question was 
whether the mold would over-
whelm the maze as a strategy or 
show intent in pursuing the food slime mold on the move
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source by solving the maze. Researchers were surprised when the mold 
actually stretched itself out into a thin line and negotiated the maze to 
find the food. (Slime molds have since been taken out of the Kingdom 
Fungi and are distributed among several other classifications.)

Given the proper and consistent conditions, there is no reason why 
a fungus couldn’t live indefinitely, growing and storing energy as long as 
there was a food source and space to grow into. And indeed, a fungus 
was discovered that turned out to be the largest and one of the oldest 
living organisms on Earth, and it’s still growing.

In 1998, forest service scientists discovered a giant wood-decaying fun-
gus, the Armillaria gallica that produces the edible honey mushroom, living 

large fungal bodies, the largest (d) being the humongous fungus.
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secondary mycelium. It is the secondary mycelium that produces mush-
rooms. There are a few factors involved in what triggers a fungus to fruit 
(and they vary in importance in different fungi), like when the second-
ary mycelium reaches a critical mass, or a certain nutritional peak, or 
when it has to, because its environmental conditions degrade.*

For whatever reason that sparks the mushroom-making process, the 
hyphae wind around each other at a nexus, creating a dense node, like a 
knot in your hair. Selected hyphal threads, functioning cooperatively, pro-
duce different parts of the mushroom. Different hyphae in the mycelium 
are specialized for different duties, like cap building or stem building. The 
nexus becomes a primordium, a dense little nubbin of preformed mush-
room that (in many cases) contains all its cells, and the primordium devel-
ops quickly into a proper mushroom. Then the reproductive structures of 
the mushroom produce spores with one set of chromosomes that reflect 
genes from both strains of the fungi that were involved in its making.

If only that were all 
there was to it. The truth is, 
there is very little you can 
say definitively about fun-
gal sex. Fungi don’t even 
abide by the two-parent 
model. Scientists have 
counted as many as nine 
individual mycelial parents 
involved in the making of a 
single mushroom. And the 
primary/secondary mycelia 

*There are also strange impetuses for mushroom fruiting: A Japanese study looking to reproduce 
a phenomenon observed in the field, that shiitake mushrooms fruited prolifically after the ground 
had been hit by lightning, has found that exposing the substrate of various species of fungi to an 
electrical charge of 50,000 to 100,000 volts for one 10-millionth of a second will double the volume 
of fruiting. This may be an evolutionary adaptation. Because lightning poses a survival hazard, 
and may deliver a dead tree for dinner, it leads to accelerated fruiting.

two primary mycelia (a) fuse to produce a secondary  
mycelium (B)

B

A

A
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of separation!” Even nonphotosyn-
thesizing plants take advantage of 
“the hub.” Parasites like the Indian 
pipe depend totally on mycorrhizal 
fungi for its nutritive needs. It taps 
into the nutrients and water pro-
vided by the mycorrhizae and con-
nects via the mycorrhizae to a 
photosynthesizing plant for sugar.

Despite the fact that fungi are 
microscopic organisms, the func-
tions they perform are often on an 

ecosystem or landscape scale.* If you could take an x-ray look at the soil, 
you’d see that underneath the forest duff there is a layer of mycorrhizal 
mycelium running between, on, and in the roots of plants. It’s like a stratum 
of life between the duff and the soil that holds water and nutrients in the 
ground. And when that stratum is disrupted, or not present, plants suffer. In 
fact, ecosystems with inadequate mycorrhizal fungi can experience cata-
strophic losses of plant biomass.

The rich diversity of plant life in the Amazon rain forest has nutri-
tionally poor soil but survives in cooperation with a dense mat of mycor-
rhizal fungi. Decomposers like saprophytic fungi and bacteria recycle 
leaf litter so quickly there is little opportunity for soil to build up. Ama-
zonian plant root systems need mycorrhizal fungi to help them absorb 
nutrients because they cannot process nutrients quickly enough on their 
own before rains wash them away. Logging and farming destroy this 

*Because of this symbiotic relationship, it is very difficult to cultivate mushrooms that are
produced by mycorrhizal fungi because you have to create an ecosystem: You have to grow the
fungi on the roots of living plants. That’s not an easy thing to do—and it’s too bad, because some
of the most delicious mushrooms are mycorrhizal: porcini, chanterelles, and truff les. Some
species of truffles, however, have been cultivated in orchards.

indian pipes
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inoculated with the fungal spores of 
Termitomyces, or the termite mush-
room. Nest workers create fungus 
combs with the regurgitated woody 
material. The comb is a kind of 
incubator for the mycelium, which 
quickly spreads, digesting the cellu-
lose and lignin into a simpler form, 
and the termites consume this 
enriched mycelium.

In both cases, and others where 
insects cultivate fungi, the question 
remains: What’s in it for the fun-
gus? Some scientists have suggested 

that these fungi, protected in the insects’ nests and carefully gardened, 
are relatively free of competitors and so they have evolved to be helpful to 
the insects. What’s indisputable is these organisms have an ancient, 
unique, and complicated alliance—they are, in essence, mini ecosystems.

D

Saprophytes are the recyclers of nature. “The law of microbial infalli-
bility,” said Tom Volk, “says if a substrate exists in nature, there is a 
microbe that can degrade it.” And some of the busiest microbes are sapro-
phytic fungi. Saprophytic fungi—and this includes molds and yeasts—
decompose organic matter, all organic matter, animal or vegetable, even 
organic matter that you didn’t know was there. If you’ve ever seen mold in 
improbable places, like growing on a CD, it’s because the fungus is finding 
something to eat. Some species of yeasts are part of your skin flora: They 
are breaking down and consuming oils produced by your skin. Other 
yeasts break down the sugars in fruit juice, producing alcohol. Some saps 

termite mushroom (podaxis beringamensis) 
growing from a termite mound
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walls, mostly in woody perennials like trees. Lignin sequesters carbon and 
is very slow to decompose. Some wood-decaying fungi degrade lignin 
first, and then later will go after the cellulose and other parts of the wood 
cell, while others degrade just cellulose and don’t even go for the lignin.

Saprophytic fungi can cause all kinds of damage, but if it weren’t for 
the wood decayers and their ability to break down organic debris, we 
would be buried under miles of dead plants. The fact that during the 
Carboniferous period massive amounts of dead plants did accrue (and 
turned into the fossil fuels) suggests there may have been a lack of lignin-
eating fungi at that time. “We speculate that fungi that degrade cellulose 
evolved first because cellulose is a simpler compound to degrade,” said 
Tom Volk. “A period—a long period—passed before fungi evolved to 
degrade lignin, too, and all the while plants were protecting their cellu-
lose with lignin. So, during the time after the introduction of fungi that 
decay cellulose, but before the introduction of fungi that can decay cel-
lulose and lignin, only parts of plants rotted. The parts that did not rot 
became compressed into fuels. That’s not going to happen again.”

The dark side of all this wood eating is the destruction of wood prod-
ucts that we would rather fungi stay away from. Dry rot, which probably 
got its name for the crumbly texture of wood in an advanced state of 
decomposition, was a huge nuisance for the navy prior to the develop-

ment of ironclad ships in the 
late 19th century. “But don’t 
blame the fungi,” said Volk. 
“They don’t know it’s not a 
tree.” There are regular re-
ports in regional newspapers 
about oyster mushrooms 
fruiting along the baseboard 
of homes, dock pilings de-
composing, library books 

oyster mushrooms fruiting along the baseboard  
of a home
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a pack of matches away from 
an inferno.

Most of the plant patho-
gens we see every day are those 
that attack trees. Here in the 
United States we’ve lost, and 
continue to lose, vast forests to 
fungal pathogens. Mountain 
pine bark beetles in cahoots 
with fungi killed the forests 
surrounding the Snow Moun-
tain Ranch, and so far around 
3 million acres of Colorado 
pine forests have been affected. 
The mountain pine bark bee-

tle is spreading the blue stain fungus, Grosmannia clavigera, among 
pine trees—mainly ponderosa and lodgepole. The fungus interrupts 
the tree’s ability to conduct water and stains the wood blue. Some peo-
ple choose this wood for furniture, calling it “blue pine.” The Ameri-
can chestnut used to be known as the Redwood of the East, with trees 
reaching a circumference of up to 10 feet and a height of 120 feet—
higher than a 12-story building. Chestnut trees ranged over 200 mil-
lion acres of eastern woodlands from Maine to Florida until the 
chestnut blight Cryphonectria parasitica wiped out 3 billion trees in 
the first 50 years of the 1900s by rotting the cambium, the critical layer 
of living cells just under the bark that generates new wood. The fungus 
was spread by woodpeckers. Dutch elm disease, caused by a few species 
of fungi from the Ophiostoma genus, has had a similar devastating 
effect on the American elm tree (as well as the European elm). So far, 
100 million trees have died in the Northern Hemisphere since the epi-

old growth chestnut, Great smoky Mountains, nc 
(ca. 1910)
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plant to grow galls or tumors, and costing 
millions of dollars a year in damage, 
mainly to cereal crops. But one man’s 
tumors are sometimes another man’s trea-
sure. The corn smut Ustilago maydis, 
which causes fungal tumors on the ears of 
corn, is known in Mexico as huitlacoche 
or cuitlacoche, maize mushrooms, or 
Mexican truffle. The immature galls have 
been considered a delicacy since pre-
Columbian times. It tastes delightful, of 
both mushrooms and corn, and is rather 
exotic, like a vegetarian foie gras. Four 

hundred to 500 tons of huitlacoche are sold annually in Mexico, and a few 
US farmers have gotten into the business as well, but while the fungus can 
be more profitable than the corn it grows on, marketing a product called 
smut has its challenges.

Rusts are so called because a leaf sprinkled with their reddish spores 
or small brown pustules looks like rust. They are pathogens of foliage, 
killing leaves and debilitating the plant. There are about 5,000 species of 
rusts and, like smuts, they can have a devastating economic impact. 
Rusts have plagued crops since the dawn of agriculture. The Romans 
conducted an agricultural festival on April 25, the Robigalia, where red-
haired dogs were sacrificed in order to appease the personification of 
rust disease, Robigus. Of the many famines caused by rust, the most well 
known may be the Egyptian famine described in Genesis in the Old Tes-
tament (the one Joseph alleviated on behalf of the Pharaoh). Currently, a 
rust named Ug99—for where (Uganda) and when (1999) it was first 
identified—has already jumped the Red Sea and entered the wheat fields 
of Iran. It now seems poised to enter India. The worst rust outbreaks 

corn smut causes fungal tumors on 
the ears of corn that taste delicious.
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It is bad news for strawberries, but if it infects the wine grape during wet 
conditions and if the weather then dries up, the resultant raisiny grapes 
produce some of the best wines in the world, including the Hungarian 
Tokaji Aszú, French Sauternes, German Eiswein, and Italian Amarone.

D

Many fungi are parasites of animals, keeping populations in check and 
ecosystems in balance. All kinds of animals, from nematodes (1⁄32-inch-long 
soil-dwelling eelworms) to humans, dogs and cats to oysters and sponges, 
fall prey to pathogenic fungi. Some fungi, given the right conditions, even 
threaten their host species with extinction. Fusarium solani is suspected of 
playing a key role in the decline of the loggerhead sea turtle. A virus and a 
member of the microspordia, a fungal parasite of animals, working together, 
may be behind the colony collapse disorder currently decimating the honey-
bee population. A chytrid fungus (belonging to a primitive division of the 
kingdom fungi) poses one of the biggest threats facing the amphibian spe-
cies today, having hitched a ride on certain species of African frogs that were 
exported for use in pregnancy tests. The disease caused by the fungus, chy-
tridiomycosis, is responsible for the decline or extinction of up to 200 species 
of frogs worldwide, and, according to the biologist Lee Francis Skerratt, “the 

most spectacular loss of verte-
brate biodiversity due to dis-
ease in recorded history.”

The bat story is similar. 
Bats across the eastern United 
States are dying due to a new 
fungus infection called white-
nose syndrome (WNS). It has 
spread into at least a dozen Bats infected with white-nose syndrome
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states east of the Mississippi and 
killed more than a million bats to 
date. Researchers have estimated that 
North America’s most common bat 
will be virtually extinct by 2026. The 
fungus, which is cold tolerant, grows 
on the bats’ muzzles, wing mem-
branes, and ears while they are hiber-
nating, causing the bats to waste 
away, then wake up early from hiber-
nation to forage in weather that is too 
cold for them.

Manipulating host behavior is 
definitely a survival adaptation for 

some parasitic fungi. For example, one species of Cordyceps attacks bul-
let ants. Hyphae infiltrate their bodies and their brains. The fungus 
infection induces a kind of mind control, because the ant is compelled to 
climb high into the foliage and then grip a stem with its mandibles, 
where it dies. If a member of the ant colony finds an ant infected with 
Cordyceps, it is removed far away from the colony. But if not, a fruiting 
body (it’s not exactly a mushroom) erupts from the ant’s head, growing 
like a slender worm as long as the ant itself, its tip packed with spores, 
which it sprinkles on the ants below.

The name Cordyceps refers to the morphology of the mushroom (from 
the Latin, cord = club and ceps = head), and they can look like miniature 
rubbery billy clubs. There are about 400 described species, most of which 
are exclusive to one or just a few hosts. The most famous is Cordyceps 
sinensis (from the Latin, sinensis = of China), a parasite of the caterpillar 
of the ghost moth. The infected caterpillar hibernates underground dur-
ing the winter, and in early summer the fungus compels the caterpillar to 

cordyceps sinensis, a parasite of the larva 
of the ghost moth
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tarps sheltered dirty canvas tents, and smoky campfires and cook-
stoves smoldered before the dark entrances. It smelled like a cold fire-
place. There was one large tent that blared Chinese pop music and 
turned out to be a makeshift casino and noodle house. Someone exited 
the casino, dumped a wok full of grease into the brush by the door, and 
reentered. I immediately thought of the grizzly lecture we’d heard 
hours before. There were a few beat-up trucks covered in mud, most of 
them with California plates, all of which were being tinkered on by 
men completely blackened by charcoal, cigarettes hanging from their 
mouths and pistols hanging from their belts. I could guess their race by 
their body types: sturdy, big-headed Mexicans and slender, petite 
Asians. There was a smattering of Caucasians. We unhitched our 
camper smack in the middle of the camp, where it stood out like a 
shining sore thumb. Except for the men maintaining their trucks, all 
the pickers were on the burn.

Depending on whom you talk to, there are either a few or a lot of dif-
ferent species within the genus Morchella. The taxonomy is, as Tom Volk 
said, “a mess.” But the most common burn morels—the ones we were after 
in the Flathead Forest—are the black or burn morel, the Morchella conica, 
and the gray morel (actually immature specimens of the blond or yellow 

commercial mushroom pickers’ camp in Montana’s Flathead national Forest
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scene in particular, a fact he credits to 
having noticed a plant that he said 
“seeks out” the matsutake mycelium, 
Allotropa virgata, known as the candy-
stick. Since then it has been established 
that A. virgata does indeed have a para-
sitic relationship with matsutake myce-
lium that in turn has a mycorrhizal 
relationship with the pine tree.

Matsutake fill the same niche in 
the Japanese market as truff les do in 
the European market. They have both 
culinary and cultural value, with the 
most splendid specimens given as 

corporate gifts. In 1992, the New York Times reported that Japanese 
businessmen spent as much as $240 for a box of three or four mush-
rooms. In 2007, the North Korean leader Kim Jong II gave President 
Roh Moo-hyun of South Korea 500 such boxes equaling 4 tons of mat-
sutake mushrooms prior to a summit meeting.*

Native Japanese matsutake has been in decline for the past 50 years 
for many of the same reasons the truffle has declined in Europe, includ-
ing the decimation of the mushroom’s symbiotic partners due to infesta-
tions of the pine wilt nematode. Of the 3,000 tons of matsutake consumed 
in Japan in 1996, two-thirds were imported. The majority of exported 
wild American mushrooms are matsutake sold to the Japanese. In the 
past decade, however, Korean and Chinese sources for matsutake have 

*In North Korea, the government controls the matsutake harvest. According to an article in the
Daily NK, an online news site dedicated to democracy in North Korea, farmers will sometimes
risk punishment and sell their matsutake to Chinese smugglers, who pay more than the
government does. The smugglers work in concert with border guards who, according to one
smuggler, said smuggling pine mushrooms was a lot less risky than smuggling people.

Matsutake are highly valued by the 
Japanese and often given as gifts.
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quality assurance test 
revealed the presence of the 
bacterium Listeria monocy-
togenes, which can cause 
food poisoning. Listeria is 
widespread in nature—but 
out in the wild it faces com-
petitors that restrain it. In 
the enoki rooms, it is too 

cold for many of those competitors to survive, and Listeria, which likes 
cold temperatures, can thrive unchecked. Phillips voluntarily recalled 
7,000 pounds of enoki mushrooms that had been distributed around the 
East Coast, discarded 300,000 fruiting bottles, shelled out over $50,000 to 
clean up the enoki house, lost up to 3 months’ worth of production, and 
ended up ditching the whole enoki operation. In the end, nobody reported 
getting sick.

When Phillips started to diversify their mushroom production in 
1980, they were the first in the country to do so on a commercial level, 
and shiitake mushrooms were key to that diversification. Shiitake are 
prized in Asia for both their mild, nutty flavor and medicinal properties, 
but Americans didn’t get to taste them fresh until after 1972 because the 
USDA used to quarantine shiitake spawn imports. It seems the agency 
had confused the shiitake’s Latin name—Lentinula edodes—with the 
Latin name of a fungus that attacks railroad ties, Lentinus lepidius.* 
Today, shiitake constitutes 2 percent of the American mushroom mar-
ket. Shiitake are wood decayers in nature and can be grown outdoors on 
logs, but that technique is not economically viable on a large scale.

*Lentinus lepidius owns some of the blame for the South’s defeat during the Civil War. In her
book Mushrooms, Molds, and Miracles, Lucy Kavaler reported that many of the trains sent to
support General Robert E. Lee’s troops never made it due to rotten railroad ties.

enoki grown in jars
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State University Founda-
tion as a vehicle to exploit 
innovations emanating 
from the school.* Neogen 
was assigned a patent for 
the Ower, Mills, and Mala-
chowski technique in 1986. 
(The scientists were the 
inventors, but as employees 

of Neogen, not owners of the technology.) Tragically, Ower never got to 
see the fruits of his discovery. He was murdered in San Francisco in a 
gay-bashing incident a few weeks before the patent was granted.

Ultimately, Neogen was assigned three patents for growing morels. 
The morel-growing patents and technology were resold a few times 
over the next 8 years, and each company that owned an interest had a 
go at growing morels for sale. Domino’s Pizza was in the game for a 
while, as they were interested in developing a morel topping for pizza, 
and Terry Farms, a grower of button mushrooms, invested millions—
with help from the city of Auburn, Alabama—in the first commercial 
morel cultivation plant. Terry Farms grew and sold morels for about 
5 years. At its peak, they produced 1,300 to 1,400 pounds a week, but it 
wasn’t a profitable venture, and by 1999 the plant was abandoned. 
When Mills went to check on the farm 4 years later, it was gutted of all 
its equipment.

Although the patents have expired, according to the Mushroom 
Growers’ Newsletter, no one has been able to produce morels by the 
instructions. “I don’t know why people can’t figure it out,” said Gary 
Mills from his office at Diversified Natural Products, an industrial 

*Neogen developed Agri-Screen, an inexpensive diagnostic kit to screen grain used in animal
feed for the carcinogen aflatoxin—a mycotoxin caused by a fungus.

Gary Mills’ morels
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Theophrastes (372–287 BC), a Greek philosopher and author of 
Enquiry into Plants, described truffles as a plant but grouped them with 
plants “with smooth rinds . . . the mushroom, the fungus, the geranium,” 
and described them as having the smell of meat. Fungal taxonomists 
divide truffles into six genera. The Tuber genus (as in potato tuber) is the 
one associated with the best-tasting truffles and is in the class Ascomy-
cota, meaning fungi that form spores in sacs, like morels.

It is hard to understand how a morel, which is a cup fungus—an 
aboveground mushroom shaped like a cup, or with cuplike features—can 
be related to a subterranean truffle, until you imagine its morphological 
evolution. Over time, the cup fungus became increasingly convoluted, its 
spore-covered cups becoming wavier and wavier, creating, in the process, 
a greater surface area for spores. Eventually the sides of the cups pressed 
together, encasing the spores inside. If you cut a truffle in half you can see 
the wavy lines that were the rims of the primeval cup fungi that is the 
ancestor of the truffle. This adaptation has evolved in other genera as well. 

For example, Boletus (the genus 
porcini comes from) has an 
underground relative. Histori-
cally, the “true truffle” belonged 
to the genus Tuber, and other, 
non-Tuber evolutionary cousins 
were known as false truffles.

There may be multiple evo-
lutionary reasons for the truf-
fle’s descent belowground, but 
the prevailing hypothesis holds 
that the fungus became subter-
ranean in order to survive the 

The wavy lines in a truff le are the rims of an 
ancestral cup fungus.
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meets a kind of marketplace fantasy, like a perfect red apple or an ideally 
formed rose. What Miller does is ensure that’s the strain the mushroom 
farmer gets when he orders his spawn from Lambert.

Mark’s display in the education tent consisted of dozens of stacked 
petri dishes, their lids secured with clear tape and scrawled with numbers 
in indelible pen: #901, #950, #805. Inside each was a delicate web of myce-
lium, its radial growth starting from a single grain of rye and extending to 
the perimeters of the container. The growth pattern of the captured myce-
lium had a kind of natural geometry that I found beautiful and rather 
uncanny, like a motile spiderweb. Many of the dishes had small cores 
removed. From one of those cores, no bigger than a watch battery and 
weighing about as much as a housefly, Miller will inoculate 1 gallon of rye 
or millet grain—called the master bottle. It takes up to 3 weeks for the 
fungus to colonize the entire master spawn bottle, and each week he makes 
about 500 such bottles, which are refrigerated and remain genetically sta-
ble for up to 6 months. One master bottle is enough to inoculate 5,000 to 
7,000 pounds of millet or rye, or a synthetic substrate like vermiculite 
amped with nutrients. And from that 5,000 to 7,000 pounds of spawn, 

about 280,000 pounds of 
mushrooms can be grown. 
“That’s what makes spawn 
work,” explained Miller. “You 
are exponentially increasing 
the spawn.”

Here’s what happens: 
When a hyphal thread is 
broken, the broken end kicks 
into rapid regeneration and 
grows in two directions: not 
only from the lead end of the petri dish colonized with mycelium
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homeowners nationwide. The 
artillery or cannonball fungus 
ejects a sticky spore sac for a 
distance of as much as 18 feet 
and 14 feet in the air, where it 
adheres to whatever surface it 
comes into contact with.* 
Since the artillery fungus is 
common in wood chips and 
other landscaping material, 
homeowners are constantly 
battling this gummy goo that 
is spattered all over the sides of their house and cars. (And if the house 
siding is wood, the spore will germinate and grow mycelium.)

The mushroom industry produces about 21⁄2 billion pounds of 
spent compost annually—and sometimes farmers have to pay to have 
their compost hauled away. As Pete Gray said, “We’ve already pretty 
much covered the whole state.” Our tour guide at Pietro Industries 
summed up our visit to the mushroom houses by saying, “Never dump 
spent compost on your yard or you’ll be mowing the grass for, like, twice 
a week and stuff.”

Up until the 1970s, 80 percent of the American mushroom crop was 
canned. That changed when the Taiwanese, and later the Chinese and 
other countries, started shipping canned mushrooms to the United 
States, forcing the mushroom growers to produce a better product for the 
fresh market and to produce those mushrooms year-round.

In 2003, the USDA did a mushroom consumption survey (they 

*The mycologist Tom Volk made this analogy: “For a 6-foot-tall person to accomplish the same
relative feat, he would have to throw a baseball nearly 11⁄2 miles high, and the ball would fall almost
2 miles away.”

Artillery fungus globs stick to siding.
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and need massive doses of 
supplements to bring your 
serum level up to normal, the 
best source is food, and in this 
lecture, he discussed irradi-
ated mushrooms. Irradiating 
sounds creepy, but it’s been 
going on since 1923, when a 
University of Wisconsin 
researcher, Harry Steenbock, 
demonstrated that irradiating 
certain food with ultraviolet 
light increased vitamin D, 
which in turn could eliminate 

the disfiguring childhood disease of rickets, a skeletal abnormality in chil-
dren. Fortified foods, irradiated foods, provide most of the vitamin D in 
the American diet. In the 1930s, the United States implemented a milk 
fortification project to combat rickets, and the disorder was virtually elim-
inated. The vitamin D precursor, ergosterol, found in supplements and 
vitamin D–enhanced milk, comes from dried Saccharomyces yeast.

Irradiation is like putting the mushroom onto a tanning bed. Energy 
comes from the sun, and there are different types, like ultraviolet light, 
radio frequencies, and gamma rays. Trees absorb radiation that stimu-
lates photosynthesis. UVA, UVB, and UVC rays are ultraviolet radiation. 
UVC rays are capable of destroying pathogenic bacteria on and in foods 
(and, according to the FDA, USDA, and WHO, are perfectly safe). In the 
case of irradiated mushrooms, the fungus is exposed to a UVB or UVC 
light that stimulates the ergosterol in the fungus to synthesize into vita-
min D2 (ultraviolet light is the same trigger our skin uses to synthesize 
vitamin D3).

rickets, a skeletal abnormality caused by vitamin d 
deficiency
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There are a host of powdered mushroom supplements, extracts, and teas 
that fit the nutraceutical definition.

Officially, nutraceuticals are dietary supplements and fall under the 
Dietary Supplement Health and Education Act (DSHEA) of 1994. The 
FDA regulates dietary supplements under a different set of rules than 
those covering “conventional” food and drug products. Under DSHEA, 
the supplement manufacturer is responsible for ensuring their product is 
safe before it is marketed. Other than that, they aren’t regulated. They 
don’t need to register their products with the FDA nor get FDA approval 
before producing or selling. As of 2007, the FDA amended DSHEA and 
instituted manufacturing protocols for nutraceuticals in order to ensure 
the supplements don’t contain contaminants or impurities, and are accu-
rately labeled.

There is a spectrum of nutraceutical mushroom products. At the low 
end are products with no proven health benefits, like kombucha tea, brew 
fermented by various yeasts and bacteria living in symbiosis, and credited 
with benefits like increased sexual drive, increased energy, and increased 
stamina, even youthfulness. I put kombucha tea in the same it-can’t-hurt 
category as kimchi and other probiotic fermented foods, although it actu-
ally can harm you if not properly made: According to the mycologist 
George Hudler, “many of the molds likely to contaminate kombucha are 

producers of life-threatening 
mycotoxins.” My husband 
went through a kombucha 
tea thing in the early 1990s—
it seemed like everyone we 
knew in lower Manhattan 
had sour-smelling crocks 
dominating their teeny 
apartment kitchen counters. A kombucha culture
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from tissue cultures he collects in the wild or from mushrooms grown in 
his own doubles. The mycelium, which many alternative medicine pro-
viders believe has stronger medicinal aspects than fungal fruiting bodies, 
is harvested when the fungus is at its “most hungry,” a sort of enzymatic 
peak, then dried and powdered into supplements. Fungi Perfecti’s catalog 
opens with an index of mushrooms and their putative therapeutic effects. 
For example, according to Stamets, Cordyceps sinensis—the Tibetan cat-
erpillar fungus—is antibacterial, antioxidant, antitumor, antiviral, good 
for moderating blood pressure and blood sugar, good for cardiovascular 
and respiratory health, a cholesterol reducer, an immune system enhancer, 
a kidney, liver, and nerve tonic, a stress reducer, and a “sexual potentia-
tor.” And there are similar claims for many other fungi.

That was my motivation for signing up for Stamets’s seminar 
“Mycelium Running” at the Hollyhock Educational Retreat Centre on 
Cortes Island in British Columbia, Canada. I wanted to know more 
about medicinal mushrooms. There is a breach between those who pre-
scribe and use medicinal mushrooms in the United States and the med-
ical establishment. A conversation on the medicinal value of mushrooms 
often degrades into antagonistic camps of belief or skepticism. I’ve seen 
it occur between mycologists, doctors, and neighbors. But, of course, 
the truth lies somewhere in between.

The beach at hollyhock
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moss-covered stumps as 
big as Volkswagen Beetles 
and second-growth trees 
that were the largest I had 
ever seen. There were no 
birds;  indeed,  t here 
seemed to be no wildlife: 
The forest was deeply 
silent, and the only move-
ment I noticed was the 

slow oozing of giant slugs consuming the bright red lobster mushrooms 
that grew among the glowing green ferns at the base of the trees. The 
ground was soft and pillowy underfoot and the air was cool and damp. 
It made my skin feel creamy.

As is my habit, I didn’t range far, as I am afraid of getting lost, and 
anyway, I’d foolishly brought a pair of new boots that, while very fash-
ionable, were not waterproof. Even though I didn’t do any bushwhack-
ing, my toes were wet the entire trip. When our time in the woods was 
up, I was among the first to arrive at our rendezvous, and I leaned 
against the car next to Stamets, watching as he texted. Within a few min-
utes, other hunters emerged from the woods. One young lady presented 
her find of ten thin mushrooms, no bigger than toothpicks, each one 
growing from a deer dropping the size of a peanut M&M.

Stamets went ballistic.
Whoever he was texting was promptly cut off as he bent to inspect 

the find. “This is incredible!” he gushed, and he gave the gal a bear hug.
“I want Paul Stamets to hug me, too,” said another woman standing 

nearby with a red lobster mushroom in her hand.
Stamets got so excited about those scrawny mushrooms because they 

were growing from dung, and that suggested the mushroom, actually a 

nonpsychedelic psilocybe mushrooms growing from deer dung
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fungus to have potential 
therapeutic value in a vari-
ety of aging disorders and 
sexual dysfunction.

The Asian case for the 
effectiveness of medicinal 
mushrooms, however, is 
f limsy by Western medical 
standards. While the use of 

medicinal mushrooms in TCM has inspired many modern scientific 
studies, the herbalist Christopher Hobbs pointed out that most of the 
human trials on record are Chinese studies that are “more like clinical 
reports,” he writes in Medicinal Mushrooms, “in that a group of research-
ers give mushroom extracts to a number of patients . . . and the overall 
results are noted,” or in vitro studies (studies using bacterial or animal 
cells in a lab environment) or in vivo studies using animals, primarily 
rodents, the results of which are hard to extrapolate to human use.

That said, more than 4 decades of scientific studies have been con-
ducted on a wide range of mushrooms and are ongoing, with some 
researchers searching for novel compounds and others looking for an 
explanation for the prevalence of mushrooms in the Asian pharmaco-
poeia. One can’t help but think there is something to be said for 5,000 
years of practical knowledge. On the other hand, “the mere fact that the 
Chinese believe in them has as much currency as their belief that rhinoc-
eros horn is an aphrodisiac,” said Denis Benjamin, “or that cigarettes 
were once a tonic for breathing problems.”

The compounds of medical interest in mushrooms are polysaccha-
rides, glycoproteins, ergosterols, triterpenes, and antibiotics. Some of 
these compounds, like antibiotics, have been effectively harnessed and 
make a substantial impact on human health. Others are very interesting 

Bundles of c. sinensis with caterpillars for sale
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his transplanted heart, is 
derived from a Cordyceps 
fungus that is a pathogen of 
one insect, the scarab beetle. 
It’s quite a coincidence: The 
drug that has given Volk a 
second chance at life is a par-
asite of the ancient Egyptian 
symbol for rebirth.

All sorts of interesting 
isolates found in mushrooms 
are available commercially. 

Grisovin (the generic name is griseofulvin) is used to treat ringworm, a 
fungal infection of the skin. It is derived from a fungus in the Penicillium 
genus. The steroids in birth control pills are derived from a fungus, Rhi-
zopus nigricans. So are the steroids in cortisone and prednisone. Ergot 
derivatives from Claviceps purpurea, particularly ergotamine tartrate, are 
used to induce abortions, decrease postpartum bleeding, and to treat 
migraines. (Cafergot is a migraine medicine combining ergot and caf-
feine.) Two fungi in the Mortierella genus are used to make arachidonic 
acid, a fatty acid necessary for brain development in babies. It is added to 
commercial bottle formulas. The statin drug Zocor is derived from 
Aspergillus terreus and used to lower cholesterol. Beano, which helps din-
ers control farting, contains an enzyme from A. terreus. Right now 
research is at work on a fungal metabolite (isolated from an endophytic 
fungus collected from an African rain forest) that reduces blood sugar 
levels but is safe to ingest, suggesting that people with diabetes may one 
day have an oral alternative to the dismal chore of injecting insulin.

These are a few examples of common drugs derived from fungi that 
have powerful medical (and in the case of Beano, social) implications. 

The scarab beetle was the ancient egyptian symbol for 
rebirth.
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(P. semilanceata). We cara-
vanned to the interior of 
the island and parked 
beside a green horse pas-
ture, soupy with white wet 
fog. Stamets explained the 
mushrooms are just a few 
inches tall; delicate, grey, 
and gilled, and the ones 
that are psychoactive stain 
blue and have a purpley 
brown to black spore print. 

A few of us lingered while he described their habitat—they grow mainly 
on horse and cow manure—but most of our group, the younger mem-
bers anyway, were off, seemingly well acquainted with the mushroom’s 
biology. Stamets made reference to the “Psilocybe stoop,” and indeed, 
scattered across the pasture were people bent at the waist, walking in 
small meditative circles, staring at the ground. I looked and looked, my 
back becoming increasingly achy, my crappy boots wet, my socks soaked 
from the tall dewy grass, and my resolution withering. Tired and dis-
couraged, I sat down and promptly my eyes fell on a tremulous little 
mushroom growing tentatively out of a fist-size hunk of dung.

In the end, I gave the Psilocybe to Zack, a young man who had 
patiently explained the erotic applications of his tongue and genital 
piercings in the car drive over, and who thereafter became my friend, 
like a stray dog with which you’ve shared your sandwich.

Stamets’s final evening lecture followed an oyster BBQ on the beach. 
I shunned the beautifully crisped oysters, their shells brimming with 
buttery hot sauce, and manfully slurped down a half-dozen Jurassic-size 
specimens raw. It was a little like swallowing a chicken cutlet, and filled 
me up instantly, as if I’d pumped a gallon of Gatorade into my belly. But 

a collection of psilocybe mushrooms
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year. It’s hard, however, to 
determine what the mold 
remediation industry is 
worth annually, or to 
gauge how successful 
mold remediation actually 
is. That’s because the 
industry is unregulated 
and lacks a professional 
advocacy group, and all 

kinds of mold remediation businesses have proliferated (like “Mold 
Mutts,” a canine mold detection service). Unlike other biohazard reme-
diation efforts, there are no established procedures for remediating mold.

Part of the furor over molds, I think, is psychological. Mold is the 
symbol of devastation, decay, disaster, and doom, and like death it spares 
nothing. It causes a rather uncanny fear in us: Horror movie set decora-
tors use mold to make abandoned buildings look more frightening. One 
author suggests the Old Testament associated black mold with leprosy. 
But the truth is, if molds were as life threatening as some seem to think, 
pointed out Mark Misner, a remediation expert, “we’d see hospitals over-
flowing with sick and dying patients.”

D

The other way people get sick from fungi (besides eating a poisonous 
mushroom) is when they are exposed to a mycotoxin, usually a chemical 
produced by a fungus to protect itself from competitors. We ingest them 
(as do our livestock) through contaminated food products like grain. As 
a result, over 100 countries regulate mycotoxins in crops.

Of the fungi that produce mycotoxins that affect humans, the big 
three are Penicillium, the primary mold group you see spoiling foods, 

Mold damage in a post-katrina home in new orleans
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which produces a number of toxins, from very weak ones to a neurotoxin 
that can cause seizures; species from the genus Aspergillus, which cause 
lots of common food spoilage, and some produce aflatoxins, which are 
highly carcinogenic to humans; and Fusarium, a group of grain patho-
gens that produce, among other nasty mycotoxins, the trichothecenes 
family of toxins. These have been explored as a biochemical weapon 
because they can act through the skin. During the Reagan era, Secretary 
of State Alexander Haig accused the Soviet Union of weaponizing one of 
the trichothecenes and supplying it to the Vietcong in Kampuchea and 
Laos in the mid-1970s to spray on the Hmong, the insurgent combatants 
and our allies in that war. In 1983, those charges were refuted and the 
“yellow rain” that Hmong refugees described was determined to be 
largely digested pollen in bee feces, from what Tom Volk rather vividly 
described as a “communal cleansing flight.”

Probably the most infamous mycotoxin is ergot, the fruiting struc-
ture of Claviceps purpurea, a pathogen of various grasses, like rye. 
Today we use its chemical derivatives to make medicines and LSD (the 
ergotamine in ergot is metabolized in humans to lysergic acid), but for 

many centuries ergot caused 
acute poisoning.

There are two types of 
ergotism, possibly the result 
of two different strains of 
C.  purpurea: gangrenous, 
where victims lose parts of 
their extremities like fin-
gers, toes, and earlobes; and 
convulsive ergotism, which 
is characterized by halluci-
nations and awful self-
destructive behaviors. Both The black growths are ergot.
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do I dose myself? How was I going to clear the house of kids, telephones, 
the FedEx guy? What if I freaked out? What if I was arrested? I’d spent 
most of my adult years trying to control the circumstances of my life. 
The thought of intentionally giving up that control, even for a few hours, 
made my stomach churn with nervousness.

I kept putting the adventure off.
But eventually, like all things, the moment arrived. I made arrange-

ments to get some wild psychedelic mushrooms from someone I 
thought would identify them correctly and I packed my bags for the 
30th annual Telluride Mushroom Festival, which is held in Colorado at 
the end of August.

The festival was started by a Denver-based group called Fungo-
phile in 1980 and is now operated by the Telluride Institute. Typically 
about 200 attend, mainly hippies young and old, New Agers, “trusta-
farians,” and other counterculturists. Most mycological forays and 
festivals are prudish about psychedelic mushrooms. I sensed they 
were an embarrassment; the black sheep of the mycological world. 
The fact that the Telluride festival celebrates psychoactive mushrooms 
has led to its characterization as the psychedelic festival.

In my conversations 
about psychedelic mush-
rooms, I often heard people 
talking about the impor-
tance of “set,” meaning 
one’s frame of mind, and 
“setting,” the environment 
in which the tripper will 
trip. In his book Psilocybin 
Mushrooms of the World, Vehicles at the Telluride mushroom Festival
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Stonehenge actually depict mush-
rooms, and the megalithic stone 
monument itself represents a mush-
room fairy ring. But the most famous 
example is in the Tassili n’Ajjer  
(“land of many rivers”) mountain 
range in the Sahara Desert of south-
ern Algeria, home of beautiful and 
important groupings of prehistoric 
rock art. A UNESCO world heritage 
site, the paintings depict daily scenes 
of “a verdant Sahara teeming with 
life.” The paintings are attributed to 

four chronological periods or traditions, and one painting, from the 
Bovidian tradition (4000 BC), has captured the imagination of ethno-
mycologists in particular: a bee-faced man bristling with tiny  
mushrooms . . . or arrows, or something else. Some have declared  
this image a depiction of a mushroom shaman. Stamets calls him a  
“shamanic figure . . . the beelike face may relate to the preserving of 
mushrooms in honey.” (The potency in Psilocybe mushrooms can be 
effectively preserved in honey.)

The other significant archaeological artifact is the mushroom stones 
of about 1000 BC, an enigma of pre-Columbian Central America. Carved 
in stone, they depict figures with heads topped with mushroom caps. 
Mainly Mayan and found in the Guatemalan highlands, about 200 of 
them reside in various museums and private collections. Although some 
of the stones resemble a metate, the traditional stone used to grind corn, 
many ethnomycologists believe the mushroom stones had ritualistic sig-
nificance. The first to advance the theory that mushroom stones may be 
related to “the divinatory rite of the inebriating mushrooms of Mexico” 

The “Beeman” of Tassili n’ajjer
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mushroom.” According to Gordon Wasson, even the Koryaks’ reindeer 
were mad for A. muscaria, and their meat made you high, too.

One of the effects of A. muscaria inebriation is it causes objects to 
appear much larger than normal, a phenomenon called macropsia (suf-
fered by Alice when she ate from the caterpillar’s mushroom). Inebriated 
people will leap over a twig or step ridiculously high to climb a curb. 
There are also reports of visionary dreams during the coma-like sleep. 
Gary Lincoff visited the Koryak and Even tribes in 1994 and 1995 and 
observed their use of the mushroom. The Even shaman (named Tatiana 
Urkachan, who died in 1996) used the mushroom medicinally, to help 
the elderly sleep at night and increase their energy during the day, as a 
poultice to treat wounds, as an anti-inflammatory and analgesic, and 
entheogenically, on herself in order to access the spirit world. (Similar 
practices were reported by the late ethnobotanist Richard Evans Schultes 

[1915–2001] among the Dogrib 
and Athabascan people of 
northwestern Canada.) Evi-
dently the practice of eating 
A. muscaria for ritualistic 
purposes continues, albeit in 
isolated regions of the world.

Paul Stamets’s lecture on 
ethnomycology was a liturgy 
of sorts: The crowd seemed 
thoroughly in his camp, even 
when he spun out some of the 
nuttier theories regarding the 
role psychedelic mushrooms 
may have played in human 
culture. I’d read them. In his The Even shaman Tatiana Urkachan
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Amanita  phal lo ide s , 
angels of death. They 
wore little feathery wings 
and a deathly pallor, and 
Gary Lincoff was there in 
his A. muscaria top hat 
with his petite wife, 
dressed like a pixie. There 
were lots of psychedelic 
outfits that might have 
been rec yc led f rom 
Grateful Dead concerts, 
and Claudia from the 
Missouri mycologica l 
club had somehow fash-

ioned a headdress that trailed white curling hyphae. I had planned 
ahead and joined the ranks dressed up like Ernest Bloch’s 1912 photo of 
the Swiss mushroom lady. I was sure the reference would be instantly 
recognizable, but unfortunately no one got it, and so, a bit humiliated, I 
had to pin a photocopy of the original picture to my chest. We followed 
Art Goodtimes in his pointed hat and staff, who kept yelling, “We want 
mushrooms!” to the accompaniment of a bagpiper and a truck full of 
bongo drummers. As we headed down the road, a rainbow came on 
suddenly and seemed to push lots of people into ecstatic giddiness. I 
think the mood was the result of a young man dressed in druid robes 
who carried a honey bear packed with crumbled Psilocybe mushrooms 
and doled out little droplets onto the tips of the revelers’ index fingers. 
I didn’t partake. I was too shy to stick my finger out, and since I was 
planning to trip the next day, I wanted to stay sober. After all, this was 
supposed to be my day of meditation and reflection and taking care of 

Ernest Bloch’s 1912 photo of the mushroom lady
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world and often involve ‘born again’ ineffable experiences analogous to 
psychedelic drug effects. Thus, seeking the ‘locus of religion’ in the brain 
is by no means fanciful.”

What is so provocative about Griffiths’s work is that it suggests the 
ability to experience transcendental feelings may naturally reside in our 
brains: literally, the God within. “Personally,” wrote Charles Schuster, 
professor emeritus of psychiatry and behavioral neurosciences at Wayne 
State University, “I also believe that these drugs have a role in discover-
ing the brain mechanisms underlying feelings of spirituality and that 
such understanding may lead to our investigation of nonpharmacologi-
cal means of engendering such states.”

I was skeptical when people at the festival talked about the “mush-
room spirit” and personified the mushroom as a “teacher.” More than 
skeptical; I thought it was nonsense. But since experiencing the mush-
room myself, I am a bit more sympathetic. I understand why some folks 
are rhapsodic about them. The effect of this innocuous little mushroom 

on human physiology and 
perception seems superna-
tural, but in fact it is utterly 
natural. Ultimately, an 
appreciation of the psycho-
active mushroom is as 
much about recognizing 
the capability in us to ex-
perience the profound as  
it is about a blue-staining 
fungus.Daniel Winkler’s mushroom man costume
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to click beetles, malarial 
mosquitoes to the mites 
that are decimating hon-
eybees. But there are just 
as many hurdles to cre-
ating commercial my-
coinsecticides, the most 
problematic being the 

ability of live fungal products to survive distribution. Determining how 
to extend the shelf life of these fungi is the immediate challenge for 
many researchers. The problem is some insects have evolved to avoid 
entomopathogenic spores. Social insects like termites reject infected 
workers from their nests. The notion of using presporulated mycelium 
is one possible solution. Additionally, bioinsecticides tend to be ineffi-
cient. The bugs don’t get killed fast enough. And then, of course, there 
are the challenges of industrial development. Many of the companies 
that invest in biopesticide research are small to midsize and lack the 
kind of long-term funding capabilities often needed to bring a product 
to market.

But they’re working on that, too.
In the end, I wasn’t disappointed to discover that mycotechnologies 

can’t save the planet today. Instead, I was inspired to learn there are 
many scientists exploring the possibilities of fungi in remediation, bio-
fuels, and mycopesticides. Good science takes time and money. None-
theless, there is huge potential in the field for investigation and 
development. The study of fungi is indeed new territory. And that, in 
itself, is reason for optimism.

cordyceps fungi are pathogens of insects. here, the fungus 
is fruiting from one corpse of a praying mantis.
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So I waited for an opportunity to visit the Pacific Northwest in the 
fall, when the underworld of fungi reveals itself, when the invisible 
becomes visible. And then I heard about the Breitenbush Mushroom 
Conference, held at the end of October.

The Breitenbush Hot Springs are located in Oregon’s Cascade Range, 
part of the Pacific Ring of Fire, a hoop of volcanoes that circles the Pacific 
Ocean. It’s this deep volcanic activity that heats up the natural springs 
along the fast, shimmering Breitenbush River. Water is everywhere in this 
part of the world, especially in October, the beginning of the rainy season. 
I drove east on Route 22, the road silver with moisture, past tall, tall trees 
in cloaks of green epiphytes, curving beside surprisingly wide rivers, 
under a thunderhead, then out into gleaming tornados of damp leaves, 
then under another thunderhead, this one chilly and dumping tiny hail, 
then through a bank of roiling fog so thick I needed my headlights. It was 
a theater of moisture: water played out in so many dramatic incarnations.

I pulled into the damp Breitenbush Retreat and Conference Center 
parking lot, hemmed in by impossibly tall evergreens, which was some 

Map of the Breitenbush hot Springs Retreat
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Our fear of microbes is based on misunderstanding. I have a friend 
who would never dip herself into the Breitenbush Hot Springs, or sit on 
the rude wood benches to cool off without laying a towel down first, or 
suck in the steam in the mossy freestanding sauna that resembled a 
gypsy wagon. But she shouldn’t worry. She is filled with microbes that 
help her stay healthy by keeping invaders out.

Microbes protect their habitats, just as endophytic fungi protect their 
host plant. You can get sick when the microbial colonies that live in your 
public spaces become out of whack and certain species overgrow, or when 
a fungus or bacteria or virus penetrates your private spaces where it doesn’t 
belong (or when you get infected with something neither your immune 
system nor your microbes can handle). And the makeup of that microbial 
population could matter. The flora in your lungs may determine whether 
you are asthmatic or not, or microbe-deficient patients may have under-
regulated immune systems, leading to autoimmune disease. From this 

kind of revelation comes 
therapy. Someday chronic 
GI problems may be man-
aged by ingesting a dose of 
the right microbes. That’s 
what probiotic yogurts 
are: live microorganisms.

If friendly microbes 
weren’t occupying and 
defending and modifying 
the public spaces—their 
habitats—in our bodies, 
maybe unfriendly microbes 
would. Our microbial part-
ners are synonymous with 
our immune system. They Microbes live in our public spaces (darkened portions of torso).
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with Thom O’Dell.) I was exceedingly bummed about those chanterelles, 
and as I drove the winding highway out of the mountains, I had to keep 
talking myself out of turning around and trying to locate them. As I got 
farther and farther away from Breitenbush and the dark forests receded 
in my rearview mirror, I began to scan spots beside the road where I 
could pull over and maybe find a few mushrooms to compensate, and 
then I did see a spot and parked.

I stepped a few feet into the ferny damp woods, eyes sweeping the 
terrain for the telltale orange chanterelle color, but it was clear other 
hunters had been there before. There were mushroom stumps every-
where, mixed in with tossed Pampers and beer cans. It was an ugly 
place, a bit of a dumping ground, and it was stupid to have stopped and 
I knew it. But as I headed back to the car I noticed, clinging to the side 
of a fallen log, a Pseudohydnum gelatinosum, a strange, clear little fun-
gus that looks like water muscled into the shape of a mushroom. It 
struck me as basically sex plus water. For all my efforts to understand 
mushrooms, that simplistic metaphor gave me a sense of completion and 
an understanding and appreciation of the nature of things that I never 

intended or expected to 
understand or appreciate 
when I first joined the 
New York Mycological 
Society. I pocketed the 
fungus, because I am a 
mushroom hunter, got 
back in the car, and 
headed home.

pseudohydnum gelatinosum
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