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At	up	to	3	feet	(1	m)	wide	and	26	feet	(8	m)	tall,	these	species	from	the	genus	Prototaxites	were	by	far	the	largest	organisms	on	the	planet	when	they	first	appeared	around	420	mya.	This	self-sacrifice	by	the	fungus	generally	occurs	from	July	to	August,	during	the	time	of	seed	production	in	the	plant.	WHY	DID	THE	FUNGI	LEAVE	THE	PARTY?	Notable
examples	include	the	White	Nose	Syndrome	in	bats	that	is	caused	by	Pseudogymnoascus	destructans,	various	Oomycota	that	affect	fish	and	their	eggs,	and	the	Chytrid	Batrachochytrium	dendrobadis,	which	has	been	attributed	to	the	extinction	of	over	100	amphibian	species	over	the	last	40	years.	With	such	a	diverse	collection	of	information,	this
book	will	enable	anyone	to	easily	bring	the	many	gifts	of	the	fungi	into	their	lives.	Agricultural	Research	Service	Culture	Collection	One	of	the	largest	public	collections	of	microorganisms	in	the	world,	containing	approximately	93,000	strains	of	bacteria	and	fungi.	These	are	places	that	the	humans	move	between,	or	can	be	found.	Many	of	these	early
plants	spread	by	means	of	spores.	Through	the	actions	of	living	organisms	and	the	living	Earth,	various	interconnected	biogeochemical	cycles	endlessly	move	carbon,	nitrogen,	sulfur,	phosphorus,	and	other	essential	elements	throughout	the	world's	habitats.	Older,	non-productive	regions	of	a	network	may	have	their	septae	closed	and	nutrient	flows
restricted,7	3	a	self-culling	that	folds	aged	hyphae	back	into	the	nutrient	cycles	of	other	organisms.	However,	the	carbon	in	this	material	is	inaccessible	to	most	microbes	due	to	the	lignin	component	of	wood.	Some	of	these	fungi	have	DNA	similar	to	known	pathogens,	suggesting	fungal	pathogens	may	be	present	in	deep-sea	environments.	-Teo	Sr.
JoHN,	PH.D.	38	The	degree	to	which	nutrients	can	readily	move	through	an	ecological	system	is	the	measure	of	how	quickly	that	environment	will	be	able	to	grow	and	respond	to	change.	It	is	the	perfect	ratio,	found	throughout	the	pentagram,	a	shape	that	was	for	the	Pythagoreans	the	ultimate	symbol	of	life	and	the	embodiment	of	all	of	Nature's
teachings.	Though	strategies	for	reducing	CCD	with	fungi	are	still	in	their	infancy,	it	is	possible	for	any	fungal	cultivator	to	actively	contribute	to	research	in	this	important	and	pressing	field	using	the	cultivation	and	application	of	techniques	outlined	in	Radical	Mycology.	A	single	Douglas-fir	tree	has	been	conservatively	estimated	to	host	up	to
100,000,000,000	individuals	of	the	endophytic	fungus	Rhabdocline	parkeri.	The	total	mycorrhizal	structure	now	formed	is	comprised	of	three	main	parts:	the	root,	the	fungal	structures	between	and	within	cells,	and	the	mycelium	that	extends	into	the	soil	as	it	surveys,	connects,	and	learns	about	its	environment.	With	few	defining	features,	these	fungi
are	often	only	identified	to	genus	using	their	spore	development	strategy	and	spore	wall	structure.	Once	the	ecological	functions	of	fungi	are	understood,	it	becomes	clear	that	they	should	be	celebrated	for	the	various	ways	that	they	rotate	nutrients	through	an	environment	and	ensure	species	succession-two	influences	that	significantly	enhance
ecological	resilience.	Combined	with	the	antiquity	of	the	Glomeromycota,	these	properties	suggest	glomalin	may	be	more	abundant	than	humic	acids	in	many	soils	and	may	even	contain	one-third	of	all	sequestered	carbon	in	the	habitats	where	Glomeromycota	are	present.	As	we	now	find	ourselves	in	the	midst	of	one	of	the	most	tumultuous	times	in
human	history,	humility	is	needed	to	heed	the	lessons	of	these	ancient	keepers	of	the	world,	and	to	explore	the	patterns	that	they	have	always	expressed	about	Nature	and	ofliving	in	accord	with	its	principles.	However,	these	septae	almost	always	have	a	large	opening,	or	pore,	in	their	center	that	allows	for	the	free	movement	of	intermycelial	contents.
And	considering	their	significant	abundance	and	diversity,	they	seem	to	have	also	been	some	of	the	most	successful	species	in	their	habitat.	With	unlimited	potential	held	and	exposed	in	each	moment,	no	ecological	web	can	be	defined	by	discrete	segments	of	time,	just	as	no	person	can	ever	be	in	the	same	place	twice.	Where	beans	and	corn	were
planted	to	feed	humans,	fungi	hid	in	the	soil	to	assist	in	that	nourishment.	Powdery	Mildew	(ca.	We	guide	growth,	we	prune	excess,	and	we	restore	the	movement	of	Nature's	shifting	balance.	Rather,	as	the	hypha	extends,	it	constantly	adds	to	the	existing	tissue,	forming	a	single,	interconnected,	and	massive	cell.	2	Few	of	these	have	been	studied
beyond	their	basic	form	and	function,	and	less	than	100	species	have	been	significantly	integrated	into	human	activities.	12	With	such	important	influences	on	the	soil	environment,	whole	plant	communities,	and	the	animal	diversity	of	an	ecosystem,	the	Glomeromycota	may	be	the	most	ecologically	significant	of	all	fungal	phyla.	This	material	then
needs	to	be	pH-adjusted	to	support	plant	growth.	Uncommon	mushrooms	that	are	only	mentioned	occasionally	are	referred	to	in	their	Latin	binomial.	Those	found	in	marine	plants,	such	as	algae,	have	been	shown	in	recent	years	to	produce	unprecedented	bioactive	compounds	that	deserve	far	more	investigation.	Compared	to	C-1	endophytes,
relatively	few	studies	have	been	conducted	with	these	fungi.	irregulare	is	asexual,	the	result	of	these	few	growing	cycles	would	be	assumed	to	have	produced	little,	if	any,	change	in	the	spore's	characteristics.	It	is	also	possible	that	the	communication	and	partnership	between	these	organisms	might	be	based	on	factors	that	are	more	covert	and
significant	than	mere	nutrient	access.	65	However,	as	far	as	I	am	aware,	research	into	light-based	communication	systems	between	mycelia	and	their	environment	is	non-existent.	For	example,	when	cynipid	wasps	(gall	wasps)	lay	eggs	in	a	plant	(commonly	oaks),	the	plant's	asymptomatic	endophytic	fungi	can	suddenly	come	out	of	hiding	and	infect
the	galls	that	these	insects	create	in	the	plant	as	a	food	source	for	the	larvae.	40	Lastly,	fungal	exudates	and	the	hyphae	of	deceased	mycorrhizal	fungi	may	serve	as	the	primary	source	of	carbon	for	whole	soil	microbial	communities	and	fluorescent	pseudomonads-an	ecological	impact	that	has	been	largely	ignored	by	soil	scientists,	despite	its
profound	significance.	117	Various	other	Australian	animals	consume	fungi,	including	the	bush	rat,	potoroo,	quokka,	swamp	wallaby,	and	brushtail	possum.	In	effect,	the	higher	levels	of	mycological	information	remain	tenuously	locked	in	expensive	textbooks	and	scattered	classrooms,	inaccessible	to	the	vast	majority	of	the	world.	With	these
cultivation	skills	addressed,	Chapter	10	provides	a	thorough	examination	of	the	burgeoning	science	of	mycoremediation,	including	an	explanation	of	the	chemistry	involved	and	protocols	for	common	pollution	scenarios.	At	the	apex,	the	Spitzenkorper	and	the	dense	concentration	of	vesicles	create	a	large	EZ	that	pushes	back	on	the	mycelial	cytoplasm,
reducing	the	pressure	on	the	apex	and	allowing	it	to	be	dissolved	and	rebuilt	without	exploding.	Or	it	may	come	from	an	inorganic	form	that	is	bound	in	the	soil	matrix	(e.g.	on	the	surface	of	clay	minerals)	or	bound	with	other	minerals	(e.g.	as	calcium,	iron,	and/or	aluminum	phosphates)	in	large,	insoluble,	crystalline	nets.	Some	mycorrhizal	fungi	only
enter	the	root	to	a	shallow	depth.	Like	a	fungal	snack,	peletons	die	a	day	or	two	after	forming,	at	which	point	the	orchid	cell	will	consume	the	nutrient-rich	hyphal	nugget.	Along	with	all	of	Earth's	inhabitants,	fungi	should	instead	be	seen	as	recomposers	of	the	elements	that	bring	evolution	forward,	albeit	the	most	industrious	in	the	process.	8.
Sclerotia	primarily	serve	as	a	long-term	nutrient	storage	system	from	which	many	species	(e.g.	Morchella	spp.,	Claviceps	purpurea,	Wolfiporia	extensa,	Pleurotus	tuber-regium,	and	Psilocybe	mexicana)	produce	mushrooms,	arguably	the	most	elaborate	fungal	structures.	Along	the	way,	various	Radical	Mycology	groups	have	started	across	the	United
States	to	share	their	knowledge	and	passions	for	fungi	with	their	local	community-to	spread	their	spores.	46	Many	Asian	mushroom	farms	are	increasingly	using	strong	electrical	impulses	to	increase	fruit	body	production.	Nonclavicipitaceous	(NC	endophytes!Classes	2,	3,	and	4)	NC	endophytes	have	been	recovered	from	every	major	lineage	of	land
plants	(e.g.	nonvascular	plants,	ferns,	conifers,	and	angiosperms),	and	from	all	terrestrial	ecosystems,	including	agriculture	systems	and	biomes	from	the	tropics	to	the	tundra.	The	ascomatal	wall	is	called	the	peridium	and	its	asci	are	often	scattered,	globular,	and	tend	to	liquify	in	age.	In	effect,	hidden	hyphae	slowly	and	subtly	guide	the	unfoldment
of	all	ecologies	over	eons.	Let's	look	at	the	map	again.	.	In	this	common	set	of	interactions,	hyphae	act	as	the	tie	that	binds	the	wild	together	and	transmits	the	flow	of	life-giving	carbon	from	the	sky	across	the	terrestrial	plane.	However,	as	ERM	are	poorly	studied,	many	questions	about	how	they	survive	in	such	environments	remain	unanswered.
Chapter	8	covers	the	intricacies	of	high-quality,	"lab-based"	fungal	cultivation,	with	a	special	emphasis	on	growing	fungi	with	few	inputs,	low	costs,	and	little	difficulty.	As	"generalists"	that	can	associate	with	many	species	of	plants	simultaneously,	AM	fungi	can	intimately	connect	the	majority	of	plants	throughout	an	entire	ecosystem	13	and	form	an
indefinitely	large	CMN	to	distribute	resources	and	information	amongst	all	those	involved.	Once	mature,	most	chlorophyllous	orchids	will	still	associate	with	mycorrhizal	fungi	to	obtain	nitrogen	and	phosphorus.	Kombucha	Kamp	(US)	Commercial	supplier	of	kombucha	cultures.	Other	fungi,	such	as	the	Hawk's	Wings	mushrooms	and	earthstars,	form
rotational	symmetries,	like	that	found	in	the	display	of	flower	petals.	86	They	may	also	act	as	saprotrophs	in	some	instances	to	provide	nutrients	to	their	plant	partner.	Chapter	9	takes	the	skills	learned	in	Chapter	8	outside	to	show	how	fungi	can	and	should	be	added	to	any	integrated	and	holistic	living	system.	74	When	grown	nonsymbiotically,
neither	the	fungus	nor	the	plant	it	was	cultured	from	could	tolerate	temperatures	above	104°F	(40°C):	the	symbiosis	was	required	to	enable	both	partners	to	tolerate	such	extreme	temperatures.	Windows	into	the	world's	unlimited	potential	open,	revealing	that	mediation	of	experience	is	untenable	and	the	only	limiting	factor	to	innovation	is	creativity.
4	Such	shortcomings	must	be	overcome	by	all	who	wish	to	develop	new	cultural	paradigms	that	recognize,	honor,	and	integrate	the	patterns	and	principles	of	Nature-laws	of	the	universe	that	fungi	express	completely.	International	Association	for	Lichenology	An	organization	promoting	the	study	and	conservation	of	lichens.	Further,	if	this	theory
were	proven	correct,	it	would	not	only	help	explain	communication	between	hyphae	of	differing	strains	but	also	between	differing	species,	further	extending	our	understanding	of	how	fungi	coordinate	the	health	of	an	environment.	9.	Species	in	the	Coelomomyces	have	been	explored	for	their	biocontrol	of	mosquitoes.	bgbm.fu-berlin.	Currently,	the
oldest	fungal	fossils	come	from	the	Mesoproterozoic	Roper	Group	in	the	Roper	Superbasin	of	Australia.	Though	this	may	sound	a	bit	myco-biased,	such	an	act	is	performed	by	modern	fungi.	And	RADICAL	MYCOLOGY	if	they	had	never	evolved	to	assist	the	movement	of	plants	onto	land	(a	topic	discussed	in	Chapter	3),	life	as	we	know	it	would	not	exist
on	Earth.	30	Many	species	deviate	significantly	from	the	generic	life	cycles	described	above,	leaving	fungal	sex	poorly	understood	in	general.	Inside	of	lungs,	these	fungi	penetrate	into	the	alveoli	where	they	cause	severe	tuberculosis-	or	influenza-like	symptoms.	It	is,	in	effect,	the	nervous	and	circulatory	system	of	the	world's	forests,	fields,	and
deserts,	with	the	radiant	energies	of	the	solar	system	providing	the	heart	beat	that	drives	its	pulse.	A	glaring	problem	with	these	models	is	that	they	are	conflicting	and	only	account	for	a	small	portion	of	the	growth	process.	A	complementary	positive	charge	builds	in	the	center	of	the	hypha,	creating	a	high-pressure	environment	that	allows	for
cytoplasm	and	organelles	to	rapidly	move.	Build	alliances.	Mycorrhiza	Resources	International	Culture	Collection	of	(Vesicular)	Arbuscular	Mycorrhizal	Fungi	A	wealth	of	information	on	the	collection,	identification,	and	preservation	of	AM	fungi.	Design,	print,	and	distribute	flyers	that	have	the	time,	date,	location,	contact	information,	costs,	and
description	of	the	event	clearly	and	legibly	written.	I.Title.	22	RADICAL	MYCOLOGY	Regardless	of	species,	the	process	of	mushroom	formation	is	essentially	universal.	57	Like	all	batteries,	however,	the	EZ	must	eventually	be	recharged.	That	said,	here	are	some	tips	for	getting	the	most	out	of	your	efforts:	BEFORE	•	Get	the	word	out	early.	Swollen
appressorium	appear	prior	to	penetrating	a	host	cell	wall.	•	Describe	what	sensations	we	experience	as	we	move	into	the	area	and	acclimatize.	The	game's	not	about	winning	or	losing,	it's	about	thinking	like	a	mushroom	and	finding	out	what	happens	as	we	collaborate	about	a	non-human-centric	future.	They	may	be	generalists	or	host-specific,	and
they	are	attracted	to	plant	exudates	released	by	seeds	and	seedlings.	WHY	DID	THE	CHICKEN	OF	THE	WOODS	CROSS	THE	How	MANY	MYCOLOGISTS	DOES	IT	TAKE	TO	SCREW	STREET?	Do	that	now!	Come	back	to	read	more	after	the	sheets	are	all	taped	together.	As	the	mushroom	manifests,	it	takes	on	the	shape	of	the	world's	most	powerful
generative	forces.	68	Tropical	birds	also	use	these	nets	as	a	nesting	material.	Laccaria	species	can	also	paralyze	and	consume	living	insects	such	as	springtails	as	a	source	of	nitrogen	for	plants.	ECM	can	extract	heavy	metals	from	their	substrate	and	concentrate	these	elements	in	their	fruit	body,	effectively	purging	the	soil	of	toxins.	ars.
NECROTROPHS	Fungi	infect	and	digest	many	substrates.	Thus,	a	general	understanding	of	how	these	fungi	influence	post-mining	soil	communities	is	currently	very	limited.	Fungi	are	among	the	most	overlooked	contributors	to	the	history	of	humanity.	Here,	in	the	all-pervasive,	connected,	and	wise	mycelium	do	we	find	the	most	profound	lessons	of
the	fungi.	Our	human	brains	love	reincorporation.	28	RADICAL	MYCOLOGY	As	with	most	soil	microbes,	the	diversity,	distribution,	and	dynamics	of	soil	fungi	are	barely	understood.	When	we	are	met	with	an	indigestible	puzzle,	we	experiment	carefully	and	always	find	the	answer	within	ourself.	Tree	farms	instigate	a	linear	perception	of	what	Nature
is	and	what	it	is	meant	for.	I	am	indebted	to	Beverly	and	Steve	Smith	for	their	extensive	help	with	many	of	the	tedious	aspects	of	data	entry	and	editing.	Mycelia	.	Numerous	fungi	affect	humans	with	compromised	immune	systems	or	otherwise	poor	hygienic	practices.	Life	on	Earth,	therefore,	must	have	been	introduced	from	outer	space.	tempeh.
Many	woodland	trees	will	not	survive	without	their	fungal	partners,	leading	most	silviculture	practices	to	rely	heavily	on	ectomycorrhizal	inoculum	for	successful	outplantings.	The	ability	to	keep	this	fluid	at	the	same	pH	as	pure	water	suggests	fungi	hold	a	strong	buffering	capacity.	This	is	but	one	expression	of	the	Way	of	fungi.	These	sugar	spots
attract	moisture	in	the	air,	producing	two	water	droplets	on	the	spore.	IN	NO:	Discuss	concerns.	Chapter	12	concludes	the	main	text	with	a	thorough	conspectus	on	the	history	and	social	influences	of	psychoactive	fungi.	Smuts	(ca.	Truffles	and	the	Glomeromycota	largely	rely	on	small	insects	and	animals	to	eat	and	redeposit	their	spores	in	further
environs-intertwined	ecologies	that	bridge	fungus	with	animals	and	the	plants	they	both	inhabit.	nacse.	This	cloud	may	appear	suddenly	anywhere	in	the	network	and	just	as	quickly	break	apart	to	form	satellites	or	to	quickly	travel	to	other	parts	of	the	web.	From	them	we	have	come	and	to	them	we	owe	the	world.	Lichen	Societies	and	Associations
American	Bryological	and	Lichenological	Society	One	of	the	United	States'	oldest	organizations	promoting	lichen	research.	•	Require	the	blocking	party	to	supply	an	alternative	proposal	or	a	process	for	generating	one.	100	species	in	the	Erysiphales	of	the	Ascomycota).	Wine	Press	Free	discussion	forum	on	winemaking.	Feel	free	to	pass	them	around
if	you	like,	participation	optional.	But	unfortunately	mycologists	and	marine	biologists	have	largely	overlooked	marine	fungi,	leaving	our	current	knowledge	of	their	origin	extremely	limited.	co.	This	is	the	primary	lesson	that	fungi	teach.	Cut	out	enough	of	them	so	that	each	player	can	start	with	one	on	their	play	sheet.	The	key	element	is	the
hydronium-ion	buildup	in	the	tube	core,	and	its	escape	to	the	water	outside.	When	you	choose	to	Extend	the	Mycelial	Network,	perhaps	you'll	draw	similarly-sized	details:	other	forests,	parts	of	a	larger	forest,	sections	of	river,	other	natural	things,	or	crumbled	remnants	from	the	human	civilization.	Some	are	yeasts,	a	few	form	lichen	associations,
some	are	pathogenic	to	humans,	and	a	good	number	form	rust	and	smut	blights	on	plants	(relationships	detailed	in	Chapter	2).	Typically,	each	ascus	contains	eight	spores,	though	some	species	produce	thousands	per	ascus.	16	RADICAL	MYCOLOGY	From	all	that	I	have	read	on	the	subject	of	hyphal	growth,	electrical	influences	do	seem	to	be	central
to	the	process.	"'(b	'--l	description	and	illustration	can	•	change	what	we	know	about	the	pollution	•	add	new	details	about	the	pollution	/\	compound	is	an	indigestible	puzzle	/	}	............	The	most	commonly	accepted	evolutionary	models	claim	that	a	perfect	blend	of	chemicals	floating	in	an	ocean,	pond,	or	the	Pangaean	atmosphere	accidentally	collided
and	formed	proteins	capable	of	reproducing	RNA,	DNA,	and	a	cell	membrane	to	contain	it	all.	Thus,	the	Spitzenkorper	is	not	only	the	creator	and	destroyer	of	the	hyphal	world,	it	is	also	its	captain	and	navigator.	Lignin	decay	is	critical	in	the	global	cycling	of	carbon	out	of	wood	and	back	to	soils	and	plants.	In	the	years	since	its	initial	publication,	the
Radical	Mycology	zine	has	spread	around	the	world	through	a	network	of	countless	mycophiles,	activists,	and	DIYers.	Laetiporus	WHAT	DID	THE	JANITOR	SAY	WHEN	HIS	BOSS	TOLD	HIM	TO	CLEAN	UP	THE	CULTURE	SPILL?	Over	time,	the	mycelium	hollows	out	the	center	of	the	tree,	forming	a	decay	column	inside	the	trunk.	It	is	much	more
accurate	to	say	that	mycorrhizas	are	ecosystem	function.	Athelia	rolfsii	is	a	seedling	pathogen	in	warm,	seasonally	wet	parts	of	the	world.	Through	these	connections,	greater	efforts	can	build	within	the	community	to	appropriately	apply	mycology	in	efforts	of	mitigating	pollution	in	the	environment	to	regenerate	damaged	habitats	in	both	rural	and
urban	environments-burgeoning	applications	of	fungal	cultivation	that	need	to	be	refined	by	grassroots	organizations.	If	it	were,	plants	would	likely	have	evolved	to	produce	longer	or	slimmer	roots	long	ago.	The	chemistry	that	underlies	biology	is	an	outcome	of	electrical	interactions.	9	The	hyphae	form	structures	in	the	root	cortex	known	as
appressoria,	which	are	able	to	penetrate	the	root	cells'	protective	wall.	Fungi	are	also	incredibly	adept	at	responding	to	their	environment.	isham.	As	a	mycelial	network	moves	nutrients	through	the	environment	and	expels	contaminants,	it	permeates,	purifies,	and	nourishes	the	soil	web	in	ways	that	intelligently	meet	the	innumerable	needs	of	the
ecosystem.	The	Spitzenkorper	is	the	true	architect	of	a	hypha.	In	effect,	as	farmers	and	forest	managers	work	to	fight	fungi,	they	ignore	the	ecological	importance	that	these	species	hold,	leading	to	greater	dependency	on	their	unnatural	and	faulty	practices.	Most	specialize	on	cereal	crops.	Steward	Plants	You	push	your	thread-like	hyphae	into



unknown	parts	of	the	map,	exploring	new	areas.	34	RADICAL	MYCOLOGY	(Above)	Dracula	orchids	have	a	landing	pad	that	looks	strikingly	similar	ta	the	underside	of	a	Marasmius	mushroom	cap.	Mycologists	historically	studied	Oomycetes,	but	they	now	loom	in	the	land	of	understudied	organisms.	The	most	common	forms	of	calcium	oxalates	in
Nature	(e.g.	weddelite	and	whewellite)	may	be	produced	by	the	oxalic	acids	of	various	fungi.	org/nomen/main.php	Detailed	rules	on	the	naming	of	organisms.	Mycorrhizal	plants	grow	better	and	with	less	stress	in	soils	contaminated	by	high	levels	of	heavy	metals	in	comparison	to	non-mycorrhizal	plants.	As	key	holders	to	the	bridge	between	life	and
death,	fungi	combine	Earth,	Water,	Wind,	and	Fire	to	manifest	as	the	fifth	element	or	quintessence:	Aether.	Likely,	this	is	due	in	part	to	a	lack	of	perceived	economic	incentive.	And,	in	a	wonderful	tripartite	ecological	web,	when	the	termites	abandon	their	mounds,	large	fruit	bodies	arise	that	the	local	humans	gather	and	eat.	Spores	are	released
through	a	small	opening	known	as	an	ostiole.	Questions	to	Consider	Mental	Preparation	and	Self	Care	About	Agar	Stage	1:	Agar	and	Liquid	Inoculum	The	Agar	Vessel	Wrapping	Plates	Sourcing	Inoculum	Heat	Sources	for	Sterilizing	Tools	When	is	Inoculum	Ready	for	Stage	2?	The	game	starts	with	the	players	cooperating	and	figuring	out	how	to	tape
the	sheets	together	to	form	the	board.	If	unabated,	such	practices	can	lead	to	the	loss	of	mycorrhizal	diversity	and	abundance	as	well	the	dissolution	of	soil	glomalin,	leading	to	a	subsequent	decrease	in	soil	porosity	and	vitality.	51	This	intake	of	water	and	nutrients	is	found	to	occur	mainly	at	the	tips	of	hyphae.	460	mya),	the	roots	of	these	ancient
bryophytes	contain	vesicles	and	arbuscules	that	are	morphologically	identical	to	those	of	modern	species	in	the	Glomeromycota,	along	with	spores	similar	to	those	from	the	genera	Scutellospora	and	Acaulospora.	More	than	200	fungal	species	across	phyla	are	nematophageous.	At	room	temperature,	most	Basidiomycetes	form	a	clamp	connection	every
60	minutes.	Beauveria	and	Metarhizium	are	also	common	genera.	There's	no	set	measurement,	just	move	the	indicator	ahead	as	far	as	feels	appropriate.	16	As	spores	fill	the	sky,	the	same	attractants	that	create	the	water	droplets	during	ballistopory	may	draw	water	to	condense	on	atmospheric	spores,	making	them	important	"seeds"	in	the	formation
of	rainclouds	around	the	world.	These	moments	are	represented	by	the	players'	turns.	Your	feelings	are	way,	way	more	important	than	the	game,	and	making	up	stuff	is	easy.	Russula	mushroom	species	often	associate	with	achlorophyllous	orchids.	74	Thus,	with	no	predetermined	or	maximal	age	or	size,	fungi	are	unbound	by	the	constraints	of	time
and	space.	Dedicated	to	my	mother,	written	for	the	fungi.	Now	we're	ready	to	begin	taking	turns.	5	Mycorrhizal	fungi	also	provide	plants	with	protection	from	soil	pathogens.	Perhaps	in	the	future,	the	combined	elegance	of	mushroom	and	orchid	cultivation	by	humans	will	act	as	a	symbol	of	the	highest	collaboration	between	the	most	evolved
organisms	of	the	Plantae,	Animalia,	and	Queendom	Fungi.	Preserving	Genetics	and	Culture	Libraries	Stopping	Early	Suggestions	for	Running	a	Community	Lab	How	I	Back	Up	Cultures	Advanced	Skills	201	201	202	202	207	210	214	216	217	218	220	220	223	224	226	227	228	228	228	230	232	233	234	246	247	252	253	254	255	257	264	265	266	270
272	273	277	278	279	280	281	284	284	285	287	THE	MYCOCULTURAL	REVOLUTION	The	15	Principles	of	Natural	Mushroom	291	Farming	and	Regenerative	Mycology	The	Fungal	Needs	Revisited	Naturalized	Inoculum	Naturalized	Inoculations	Making	Plug	Spawn	Mycorrhizal	Cultivation	Spent	Spawn	Beds	Isolating	and	Identifying	Mycorrhizal
Spores	Cultivating	Truffies	Trichoderma	Compost	Activator	and	Plant	Supporter	Working	With	Endophytic	Fungi	Mycodynamics:	The	Sidereal	Timing	and	Bioenergetics	of	Mushroom	Cultivation	Other	Helpful	Design	Elements	Integrating	the	Elements:	Weaving	the	Web	Tighter	Spent	Spawn	Plant	Hormone	Mycelium:	The	Plastic	of	the	Future,	Now
Mycosystematics:	The	Art	of	Natural	Mushroom	Farming	Design	Zones	of	Fungal	Homes	Natural	Mushroom	Farming	in	Extreme	Environments	TLC	292	296	296	299	303	309	309	313	314	9	FUNGI	FOR	A	FUTURE	10	Mycoremediation	at	a	Glance	Holistic	Remediation	Sorbing	Soils	A	Standard	of	Care	Site	Assessment	and	Case	History	Safety	First!
Determining	Efficacy	DIY	TLC	Plates	The	Facets	of	Fungal	Remediation	Sources,	Forms,	and	Habits	of	Heavy	Metals	Trichodermamediation	Petroleum	Hydrocarbons	The	Cast	of	Chemical	Characters	Strategies	for	Chemical	Remediation	Commerical	Remediation	Fungi	and	the	Plastics	Problem	Experimental	Design:	A	Primer	Putting	it	All	Together:
Example	Scenarios	of	Common	Problems	Where	to	Grow	from	Here	Part	V:	Integration	THE	MYCELIUM	IS	THE	MESSAGE	11	315	316	317	320	Digging	to	the	Rhizomorphic	Level	Mycomemetics:	Be	the	Media,	Spread	Your	Spores	Mycomimicry:	Radical	Mycologists	as	Change	Agents	Enzyme	Production:	Other	Skills	Case	Study:	The	Olympia
Mycelial	Network	Case	Study:	Bay	Area	Applied	Mycology	By	Joseph	Soeller	Sharing	Fungi	With	Children	By	Maya	Elson	The	Sex	Life	of	Mushrooms	By	Willoughby	Arevalo	MYCOGNOSIS	324	326	328	329	331	332	334	335	336	336	338	340	343	344	345	347	348	353	359	360	360	365	366	370	371	372	374	12	The	Varieties	of	Psychoactive	Fungi	But
Why?	Neither	creative	nor	destructive,	Ii	structures	just	are.	They	can	be	placed	into	low	Earth	orbit	for	two-week	periods	and,	upon	retrieval,	begin	photosynthesis	at	pre-exposure	rates.	These	or	similar	forms	of	"cleaning	up	the	genome"	may	be	what	has	enabled	these	fungi	to	persist	in	a	relatively	stable	form	for	so	long.	Such	alterations,	or
epigenetic	"lessons;'	may	then	be	shared	when	the	two	separated	mycelial	masses	reunite.	In	alpine	and	semi-arid	ecosystems,	DSEs	can	be	more	abundant	than	AM	fungi.	Games	can	create	a	safe	sandbox	in	which	to	practice	communication	and	provide	a	too-seldomjbund	wqy	to	imagine	togetherto	share	and	build	That's	wby.	This	subsequently
attracts	the	plant's	normal	pollinator	insects	to	the	fungus,	thereby	increasing	the	spread	of	spores	between	infected	plants	and	increasing	hyphal	mating.	Circles	expand	outward	and	form	spirals,	the	symbol	of	progress	and	time	moving	forward.	The	fungal	genome	lacks	any	of	the	gene	sequences	that	are	critical	for	controlling	multicellular
development	in	animals	or	plants.	Glomalin	is	directly	responsible	for	turning	dirt	into	soil,	creating	the	"tilth"	in	soils	that	enables	roots,	microbes,	and	worms	to	move	and	thrive,	and	ultimately	increasing	diversity,	redundancy,	and	resilience	in	the	soil	matrix.	All	rights	reserved.	Mycological	Society	of	America	A	scientific	society	dedicated	to
advancing	the	various	facets	of	mycology.	Mycological	Societies,	Associations,	and	Orgs	African	Society	for	Edible	&	Medicinal	Mushrooms	An	organization	seeking	to	increase	awareness	of	working	with	mushrooms	in	Africa.	This	dual	naming	practice	was	common	in	mycology	until	2013	when	the	"one	fungus,	one	name"	rule	was	set	in	place.	This	is
why	cultivators	cannot	use	chemical	signals	to	trigger	mushroom	formation,	but	can	only	create	a	supportive	habitat	for	a	fungus	and	either	shock	it	with	electricity	or	simply	wait	for	the	mycelium	to	transform	itself	into	a	mass	of	fruit	bodies.	Ask	if	the	concerned	will	"stand	aside"	and	agree	to	disagree	but	not	impede	the	proposal.	The	simplest
answer	to	these	questions	would	be	that	this	genetic	warehousing	provides	these	fungi	with	an	array	of	genetic	"options"	from	which	to	draw	from	in	response	to	environmental	factors	(an	act	known	as	epigenetic	expression).	3.	Seedlings	of	the	orchid	Gastrodia	elata	(a	plant	used	in	Traditional	Chinese	Medicine	as	Tian	ma)	develop	mycorrhizal
structures	with	the	saprotrophic	mushroom	Mycena	osmundicola,	but	as	they	mature	they	switch	partners	to	the	Honey	Mushroom	(Armillaria	spp.),	a	common	tree	blight.	Problems	such	as	these	can	be	avoided	in	food	production	systems	through	the	use	of	compost	and	the	cultivation,	inoculation,	and	stimulation	of	mycorrhizal	fungi.	The
compounds	that	were	made	strange	and	distant	have	become	untangled,	and	their	raw	materials	have	been	reunited	with	everything	else	the	Earth	breathes,	eats,	and	builds	from.	Since	it	first	arose	in	early	land	plants,	the	AM	association	seems	to	have	hardly	changed,	despite	the	explosion	in	plant	diversity	over	the	eons.	And	Chapter	7	presents	the
medicinal	history	of	fungi	along	with	recipes	for	making	potent	fungal	medicines.	Commonly	discussed	mushrooms	are	referred	to	by	their	common	English	name	in	North	America.	Undying.	Ballistospory's	requirement	for	moisture	may	explain	why	mushroom	flesh	is	notably	cool:	lower	temperatures	can	help	increase	condensation	on	the	spores.	or
You	grow	afruit	body	that	teaches	the	humans	a	concept	through	aften'ng	their	brain	chemistry.	But,	as	fungi	do	not	photosynthesize	either,	this	sugar	must	be	obtained	from	other	plants	that	the	mycorrhizal	fungus	associates	with.	The	Mycobiota	of	the	Human	Mycobiome	As	with	many	other	animals,	our	own	digestive	tract	is	highly	dependent	on
an	internal	microbial	community	that	aids	in	the	digestion	and	assimilation	of	nutrients.	A	feeding	regimen	may	even	develop	between	multiple	fungal	species,	with	each	taking	turns	nourishing	the	same	orchid	root	cell,	much	like	a	village	raising	a	child.	The	Split	Gill	Fungus	has	more	than	300	alleles	at	the	A	locus	and	more	than	90	at	the	B	locus,	a
diversity	that	provides	for	23,328	different	combinations	of	A	and	B	alleles,	or	over	23,000	different	mating	types!	Each	of	these	spores	is	compatible	with	over	98%	of	other	Split	Gill	primary	mycelia	in	the	world,	31	a	breeding	capacity	that	underlies	the	global	distribution	of	this	common	mushroom.	61	Filling	each	hypha,	this	water	creates	an	EZ
along	the	interior	of	the	cell	membrane.	•	Move	the	token	on	the	Adapting	track.	Tropical	ants	in	the	genus	Apterostigma	cultivate	various	coral	fungi	in	the	genera	Pterula	and	Deflexula.	This	EZ	excludes	organelles	and	most	solutes,	forcing	them	to	the	center	of	the	hypha.	79	Endophyte	specificity	can	differ	markedly	by	biome	and	plant	lineages.	A
card	is	drawn	when	a	spore	lands	on	a	circle	in	the	River	of	Time.	Dimitic	species	are	comprised	of	two	hyphal	types;	most	contain	generative	and	skeletal	hyphae,	though	Laetiporus	species	uniquely	contain	generative	and	binding	hyphae.	For	though	the	fungi	can	show	us	how	to	grow,	they	cannot	change	the	false	paradigms	that	have	steered
humanity	off	course.	But	though	these	fields	hold	many	unanswered	questions,	the	poverty	in	mycology	relative	to	its	potential	importance	suggests	that	it	is	one	of	the	biggest	information	gaps-if	not	the	biggest-in	the	natural	sciences.	As	such,	I	suggest	is	it	also	plausible	that	this	phenomenon	is	influenced	or	fully	induced	by	biophoton-based
communication.	40	Many	fungal	species	are	even	attracted	to	electrical	fields,	an	effect	known	as	galvanotropism.	A	triple	helix	with	a	pitch	and	sense	similar	to	DNA,	these	sugars	form	a	mandala	with	a	central	axis	spaced	in	accord	with	the	Golden	Section.	All	ready?	-CHU	Hsi	(1130--1200	CE)	CHAOSFUNGORUM	25	26	RADICAL	MYCOLOGY
Chapter	Two	FUNGI	BEING	Things	we	call	parts	in	every	living	being	are	so	inseparable	from	the	whole	that	they	may	be	understood	only	in	and	with	the	whole.	ISBN	978-0-9863996-0-2	1.	This	is	especially	important	in	desert	ecosystems	where	cacti	and	most	other	plants	rely	heavily	on	mycorrhizal	fungi	for	their	hydration	and	survival.	Cards	There
are	two	decks	of	cards,	9	in	each	deck.	Development	Team:	Peter	McCoy,	Caroline	Hobbs,	Marc	Hobbs,	Robert	Bruce,	Orion	Canning,	Erin	Sara	DiPeso,	Ally	Mackey,	and	Ross	Cowman.	In	a	study	from	2005,	over	200	undescribed	yeast	species	were	found	in	the	guts	of	beetles,	representing	over	30%	of	the	known	yeast	species	in	the	world.
Paradoxically,	fungi	are	recognized	for	their	ubiquity	and	importance	amongst	biologists,	and	yet	mycology	has	remained	a	"neglected	megascience"	2	throughout	its	short,	250-year	history.	24	RADICAL	MYCOLOGY	In	the	center	of	the	circle	is	the	single	point,	an	ancient	symbol	of	the	individual	life	surrounded	by	the	whole	of	the	universe.	36
RADICAL	MYCOLOGY	'T:I	'-1	""'	zCl	t!l	=	~	z	c:	ARBUTOID	MONOTROPOID	Ee	To	EcTo-ENDO	ERICOID	G	-	Glomeromycota	A	-Ascomycota	B-	Basidiomycota	FUNGI	•	Gy	An,	I	An,	Gy	I	A,B	I	•	•	An	-	Angiospermae	Br	-	Bryophyta	Gy	-	Gymnospermae	Er	-	Ericaceae	Mo	-	Monotropaceae	Or	-	Orchidaceae	Pt	-	Pteridophyta	PLANTS	Mo	I	Or	B	•	I	YIN	A,
B,	G	•	•	•	•	I	YIN	I	Er	I	B	•	•	B	•	•	YIN	I	•	•	•	•	•	•	Nutrients,	Cycled	It	hardly	states	the	case	to	say	that	mycorrhizas	are	important	to	ecosystem	function.	Other	Lichen	Resources	Consortium	of	North	American	Lichen	Herbaria	http:!Isymbiota.	During	hyphal	growth,	the	Spitzenkorper	seems	to	take	in	and	sort	vesicles	from	outside	itself,	potentially
modifying	or	exchanging	them	in	the	process,	before	precisely	placing	these	vesicles	into	the	3-D	space	of	the	hyphal	apex	in	response	to	environmental	signals.	Color	the	backs	of	each	deck	differently	so	you	don't	accidentally	mix	them	together.	uk!valhalla!	index.htm	The	home	of	mycology's	superheroes.	Indeed,	experimentation	is	always	needed	to
find	better	alternatives.	Typically,	mycorrhizae	develop	on	undifferentiated	root	hairs	(meristems),	where	the	plant	absorbs	the	bulk	of	its	water	and	nutrients.	Most	species	have	at	least	two	possible	sequence	options,	or	alleles,	for	each	locus,	though	some	have	many	more.	574	Culture	Sources	RADICAL	MYCOLOGY	Florida	Mycology	Research
Center	(FMRC)	Home	of	the	world's	largest	mushroom	spore	bank.	Li	is	the	gestalt,	more	than	the	sum	of	its	parts.	Includes	databases	on	specimens,	literature,	nomenclature,	and	fungal	symbiotic	relationships.	Without	the	ability	to	produce	sugars,	these	plants	are	largely	dependent	on	forming	a	mycorrhizal	symbiosis	for	survival.	You've	brought
lost	fragments	back	into	the	dance.	And	as	builders	of	the	soil	web	and	grand	healers	of	the	land	and	sea,	they	lie	at	the	heart	of	the	world	and	offer	a	perspective	that	cannot	be	equated.	In	return,	the	slim	and	quick-growing	hyphae	extend	far	into	the	soil	matrix	to	draw	in	water,	nitrogen,	phosphorus,	and	other	nutrients	that	the	thick	and	slow
growing	root	hairs	would	not	be	able	to	easily	reach	on	their	own.	A	Morel	mushroom	is	essentially	a	mass	of	multiple	apothecia	fused	together	atop	a	stalk,	while	the	apothecia	of	the	lichen	Letharia	columbiana	form	as	small	clusters.	The	ancient	paleoattine	ants	(76	species)	cultivate	a	wide	range	of	fungal	species	that	are	found	free-living	in	Nature.
A	unique	aspect	of	Class	2	endophytes	is	their	ability	to	confer	habitat-specific	stress	tolerance	to	plants.	4.	In	the	end,	an	unnatural	framework	is	built	into	the	mind	of	humanity,	one	in	which	the	universe	can	be	seen	as	a	machine,	forests	can	be	replaced	with	monocultures	of	chemical-dependent	crops,	and	fungi	can	be	rejected	for	a	lack	of	any
apparent	value.	To	germinate	and	survive,	spores	must	land	in	a	supportive	environment	that	can	provide	protection,	water,	and	food.	NC	endophytes	are	subdivided	into	three	groups:	Class2NC	Mostly	Ascomycota	and	a	few	Basidiomycota.	Due	to	the	tiny	mass	of	the	spore	and	the	surface	drag	that	results	from	its	movement	through	the	air,	the
spore	ceases	to	move	after	just	a	few	milliseconds	and	goes	into	a	free	fall.	CHYTRIDOMYCOTA	(706	SPECIES	IN	105	GENERA)	NEOCALLIMASTIGOMYCOTA	(20	SPECIES	IN	6	GENERA)	BLASTOCLADIOMYCOTA	(179	SPECIES	IN	14	GENERA)	CH	YT	RIDS	These	three	closely	related	phyla	share	many	similarities.	However,	this	massive	size	is	not
some	holdover	of	a	bygone	survival	strategy.	They	are	transmitted	between	plants	by	spores	(horizontally)	and	via	seed	coats,	seeds,	or	rhizomes	(vertically).	These	are	the	enigmatic	Ediacaran	creatures:	tubular,	fan-shaped	organisms	that	have	proved	challenging	to	accurately	categorize.	Glomeromycotan	fungi,	on	the	other	hand,	each	contain	an
incredible	suite	of	800-35,000	genetically	distinct	nuclei	in	each	of	their	spores.	All	the	sheets	are	the	same.	org!lichenland	Fun	with	lichens	from	Oregon	State	University,	with	a	great	synoptic	key.	c	~a..	Where	mycorrhizal	fungi	are	absent,	most	plants	must	be	fed	with	water-soluble	fertilizers	to	obtain	their	basic	nutrition.	Radical	Mycology
Provider	of	free	mycological	videos,	interviews,	documents,	and	original	essays	organized	by	the	Radical	Mycology	Collective.	Similarly,	the	spores	and	thalli	of	various	molds	and	lichens	are	well-known	to	be	unaffected	by	the	extreme	conditions	of	interstellar	space.	Temporally,	the	circle	is	experienced	in	the	annual	return	of	the	foray,	the	pulses
ofhyphal	growth,	and	the	flow	of	carbon	between	mycorrhizal	partners.	However,	mycorrhizal	development	is	not	always	indicative	of	nutrient-poor	soil.	As	such,	many	Radical	Mycologists	find	that	their	interest	in	fungi	leads	them	to	become	ecologists,	naturalists,	conservationists,	systems	theorists,	and,	for	some,	devout	defenders	of	all	life.	Side
Boards	There	are	two	side	boards,	cut	them	out.	Meeting	Member	Roles	Group	meetings	are	much	more	productive	and	time-efficient	when	members	take	on	designated	roles	to	ensure	that	the	meeting's	topics	are	addressed	and	conversation	doesn't	stray	too	far	from	the	topic	at	hand.	104	Many	of	these	fungi	alter	the	insect's	behavior	as	an
infection	develops.	Are	fewer	humans	better?	Dating	to	1.5	bya,	these	sclerotoid	specimens	from	the	Ascomycete-like	form-genus	Tappania	host	branching,	septate	hyphae	capable	of	anastomosis.	CARDS	and	HUMANS	DROP	SPORES	and	TAKE	TURNS	We've	got	two	decks	\\Tith	9	cards	each.	Mycelium	must	be	experienced	to	be	understood.
Currently,	there	are	around	169	"morphospecies"	in	the	Glomeromycota.	7,000	species	in	the	Ustilaginales	of	the	Basidiomycota).	This	ancient	form	of	mycophagy	arose	approximately	30	million	years	ago	and	now	takes	on	several	forms.	One	deck	of	cards	is	for	Natural	Rhythms,	marked	by	a	sun,	and	the	other	for	Human	Behavior,	marked	by	a
humanoid	figure.	MycoSupply	.	We	all	have	unique	brains	and	what's	obvious	to	you	won't	be	obvious	to	me,	so	you	don't	have	to	try	to	be	clever.	Just	as	anarchist	philosopher	Peter	Kropotkin	(	1842-1921)	pointed	out	nearly	a	century	ago,	the	concept	that	life	is	a	constant	fight	for	the	next	rung	in	the	evolutionary	ladder	is	contradictory	to	the
everyday	experience	of	Nature.	16	And	they	are	some	of	the	only	fungi	that	can	perform	the	energy-demanding	process	of	reducing	nitrate	into	a	form	of	nitrogen	that	can	be	metabolized.	Undoubtedly,	similar	impacts	ripple	out	across	the	various	understory	plants	and	the	fauna	that	intimately	depend	on	fungi.	Glomus	is	the	largest	genus,	hosting
more	than	70	morphospecies.	By	enlarging	our	field	of	view,	what	is	thought	of	as	a	whole	becomes,	in	fact,	nothing	more	than	one	part	of	a	larger	whole.	If	it	proves	critical	to	fungal	growth	patterns,	it	could	revolutionize	our	understanding	of	how	fungi	form	mushrooms,	produce	medicinal	compounds,	and	degrade	pollutants,	as	well	as	how	to
induce	those	changes	externally.	Plants	in	Arbutus	(madrone),	Arctostaphylos	(manzanita),	and	Comarostaphylis.	Dating	to	the	Devonian	era	(ca.	Plus,	the	fungus	probably	doesn't	care:	it	didn't	even	choose	its	name	to	begin	with.	Counterarguments	to	this	otherworldly	theory	ofpanspermia	point	out	that	such	a	notion	simply	moves	the	mystery	oflife's
origin	to	another	location.	In	one	square	meter	of	soil,	the	surface	area	of	AM	mycelium	may	be	as	much	as	90	m	2	•	More	so	than	any	other	mycorrhizal	type,	AM	may	be	major	determinants	of	the	plant	diversity	and	assemblage	in	the	habitats	that	they	fill.	Thus,	from	this	humble	position	on	the	edge	of	the	unknown,	let	us	now	dive	into	the	world	of
fungi	to	find	that	it	is	not	a	complex	puzzle	that	can	or	will	ever	be	entirely	solved,	but	rather	a	place	of	rich	complexity	waiting	to	be	experienced,	explored,	and	embraced.	When	the	ants	abandon	the	nest,	mushrooms	arise	for	the	first	time	from	the	mycelium	that	is	left	behind.	FUNGI	BEING	31	fungi,	the	mycorrhizal	association	should	be	pre-
established	to	reduce	pathogenic	infection.	Further,	if	the	soil	remains	uncovered,	it	may	dry	out	in	the	sun	and	become	subject	to	the	effects	of	weathering	and	erosion.	Some	species,	such	as	Ganoderma	applanatum	and	Heterobasidion	annosum,	can	interestingly	produce	both	brown	and	white	rot	in	the	same	wood.	They	are	often	obligate	parasites.
Many	fungi	completely	defy	the	concept	of	a	species,	making	their	classification	under	the	Linnaean	system	difficult,	if	not	impossible.	unicorn	bags.	As	this	knowledge	and	need	ripples	out,	I	envision	teams	of	Radical	Mycologists	Without	Borders	travelling	the	globe,	sharing	their	skills	and	discovering	new	means	of	working	with	fungi.	Consider	the
following	a	proposal	for	a	new	theory	on	the	underlying	mechanisms	of	hyphal	extension:	\	-	I	-	+	+	+	+	+	+	+	+	Microsphere-exclusion	zone	(EZJ	next	to	a	gel	surface.	molds	to	species.	Others	also	contain	skeletal	hyphae	that	are	either	thick-walled	with	widely	spaced	septate	and	lacking	clamp	connections,	or	swollen	in	the	center	of	segments.	An
individual	plant	leaf	may	harbor	one	fungus	per	2	mm	2	of	leaf	tissue.	However,	monotropoid	mycorrhizae	may	actually	form	a	bidirectional	nutrient	flow,	as	evidenced	by	studies	in	which	radiolabeled	phosphorus	injected	into	Monotropa	plants	was	transmitted	to	surrounding	trees	connected	through	the	CMN.	Whereas	most	other	fungi	subtly	guide
succession	in	a	habitat	through	the	movement	of	nutrients	and	the	formation	of	symbioses,	vocal	fungi	are	more	visible	in	their	effect.	And	yet,	after	almost	a	century	since	their	initial	discovery,	the	ecological	role	of	the	ubiquitous	and	seemingly	critical	dark	septate	fungi	(including	their	influence	on	plant	biology	and	ecophysiology)	remains	largely
unknown.	THE	POLICE	BEATING	UP	A	GROUP	OF	STREET	KIDS?	Maturing	orchids	also	require	a	humid	environment	similar	to	that	needed	for	fruiting	mushrooms.	Most	of	this	water	is	found	in	the	intercellular	fluid,	or	cytoplasm,	which	is	kept	at	a	pH	of	7.	The	fungus	is	apparently	not	harmed	in	this	process,	just	culled.	RADICAL	MYCOLOGY
Vascular	Wilts	The	spores	or	yeast	cells	of	these	fungi	spread	through	the	vasculature	(xylem)	of	plants	where	they	remain	as	asymptomatic	endophytes	until	the	plant	becomes	weakened.	WHAT	DID	THE	DESERT	LICHENOLOGIST	YELL	AT	The	ones	with	decurrent	gills.	Considering	that	at	the	time	I	only	knew	one	or	two	friends	interested	in
blending	fungi	with	politics	and	art,	I	assumed	that	nobody	beyond	a	few	people	would	be	interested	in	reading	the	text.	edu!toms_fungi	Run	by	mycologist	Tom	Volk,	this	entertaining	and	informative	site	hosts	an	array	of	articles	and	featured	fungi.	4	As	fungal	taxonomist	R.	Through	the	entanglement	of	their	hyphae	with	delicate	root	hairs,	various
fungi	from	multiple	phyla	form	a	mycorrhizal	symbiosis,	a	fungus-plant	dynamic	that	is	shared	by	more	than	6,000	fungal	species	and	at	least	90%	of	the	world's	plants.	It	is	needed	by	the	fungus	to	accommodate	the	incredible	genetic	diversity	packed	into	each	spore.	But	just	as	our	skin	can	be	easily	wounded,	so	too	is	the	soil	readily	broken	and
scarred	if	not	defended	from	injustice.	As	the	two	organisms	grow,	the	bacteria	provide	the	fungus	with	nitrogen	and	the	fungus	provides	the	bacteria	with	other	forms	of	nourishment.	The	oldest	evidence	of	the	AM	relationship	comes	from	Aglaeophyton	fossils	embedded	in	Ordovician	dolomite	rock	uncovered	in	the	state	of	Wisconsin,	as	well	as
from	the	Devonian	Rhynie	Chert	of	Aberdeenshire,	Scotland.	For	years	I	had	been	cultivating	fungi	and	studying	their	habits.	(The	symbol	on	that	spore	is	a	group	of	fine	lines	crossing	over	one	another.	However,	the	purpose	of	this	calcium	gradient	or	the	electrical	current	produced	by	hyphal	tips	has	yet	to	be	adequately	explained.	Today,	many	land
managers	uphold	unsustainable	practices	in	an	attempt	to	address	the	complexity	of	designing	ecologically	sound,	broad	scale	agricultural	and	forest	management	practices.	pilosus.	Down	below,	older	hyphae	die,	leaving	their	carbon	to	feed	and	become	the	bodies	of	insects	and	small	animals	that	make	up	the	soil	biota.	Subsequently,	the	larvae	will
die	from	a	lack	of	food,	after	which	point	the	endophyte	will	return	to	hiding	and	become	asymptomatic.	The	animals	are	so	adept	at	working	with	these	fungi	that	they	know	to	bite	a	piece	off	of	the	truffle	skin	prior	to	storage,	so	as	to	hasten	drying	in	the	truffle.	Many	AM	fungi	(except	those	in	the	family	Gigasporaceae)	also	produce	spherical	or
oval-shaped	vesicles	between	or	within	the	root's	outer	cells.	They	are	particularly	large,	with	fungal	cellulases	being	approximately	20-60	kDa.	34	Along	with	these	enzymes,	the	hyphal	tip	is	also	rich	in	the	compounds	needed	to	dissolve	and	rebuild	its	cell	membrane	and	wall	as	the	pressure	of	its	intermycelial	contents	pushes	it	forward.	This	turgor
(fluid)	pressure	is	so	great	that	growing	mushrooms	can	lift	concrete	paving	stones	and	break	through	three	inches	of	asphalt.	When	we	look	at	modern	fungi	we	find	all	of	these	traits,	as	well	as	many	others	that	would	have	conferred	great	fitness	under	these	extreme	conditions.	STEP	BY	STEP	RULES	TO	PLAY	It's	time	for	us	to	put	all	the
components	on	the	table.	The	mycelium	that	fills	the	world	is	the	fungus	that	we	do	not	see.	When	they	hit	the	forest	floor,	these	pellets	help	fertilize	and	inoculate	the	trees	in	which	the	squirrel	lives,	helping	ensure	the	survival	of	the	tree	through	the	subsequent	mycorrhizal	connections	it	will	form	and,	by	extension,	increasing	the	resilience	of	the
forest	as	a	whole.	Both	features	vary	widely	in	size	and	shape	but	are	generally	unique	enough	per	genera	or	species	to	be	used	for	identification.	Some	of	the	best-studied	genera	in	this	phylum	are	non-mushroom-forming.	wise.	Of	the	structures	produced	by	mushroom-forming	fungi,	some	of	the	most	common	are	dense	collections	of	hyphae.	us/Ian
A	free,	downloadable	aid	to	identifying	mushrooms.	Some	incur	a	fee.	GENERA)	AscoMYCETES,	Ascos	Hosting	approximately	75%	of	the	described	fungal	species,	the	Ascomycota	is	the	largest	phylum	in	the	Queendom.	10	RADICAL	MYCOLOGY	The	Finer	Points	of	the	Fungi	With	the	primary	descriptors	of	fungi	covered,	we	now	move	on	to	some	of
the	more	striking,	inexplicable,	and	unique	aspects	of	their	biology.	12	But	what	was	the	early	eukaryote	that	consumed	the	bacteria?	Winemaking	Talk	Commercial	supplier	of	tibicos,	ginger	beer	plant,	and	kombucha	cultures.	The	fungus	provides	the	plant	with	water	and	nutrients	that	it	draws	in	through	its	mycelial	network	and,	in	exchange,	the
plant	provides	the	fungus	with	photosynthesized	sugars	in	the	form	of	glucose	and	fructose.	Even	at	the	graduate	level,	when	fungi	are	presented	in	natural	science	courses	it	is	often	with	a	cursory	assessment	that	emphasizes	their	misunderstood	actions	as	"pathogens:'	With	minimal	representation	in	the	media,	this	mycological	knowledge	gap	tends
to	remain	in	place	outside	of	one's	schooling,	leaving	many	westerners	uninformed	and	unaware	1	of	the	untold	potential	that	mycology	offers.	In	the	academic	world,	this	problem	is	almost	worse.	It	is	concerned	with	the	working	of	the	whole	system,	not	with	the	separated	parts	of	a	planet	divided	arbitrarily	into	the	biosphere,	the	atmosphere,	the
lithosphere,	and	the	hydrosphere.	Radical	Mycology	is	therefore	a	solutions-based	approach	to	tackling	these	challenges	through	a	framework	that	is	ethical,	pragmatic,	technical,	cultural,	and	philosophical.	Orchids	are	the	most	complex-or	"highly	evolved"-of	all	plants,	and	also	the	largest	and	most	diverse	family	of	all	flowering	plants.	Further,	as
humic	substances	appear	to	be	modified	forms	of	lignin,	it	has	long	been	argued	that	white	rot	fungi	are	intimately	tied	to	the	creation	of	the	soil	humus	that	holds	water	and	nutrients	for	plants	and	microbes.	Only	humans	can	make	those	changes,	and	often	only	with	significant	effort.	These	fungi	also	form	mycorrhizae	with	90%	of	plants	and
frequently	share	nutrients	and	fluids	between	dozens	of	plant	partners	connected	through	a	common	mycelial	network.	These	and	similar	questions	are	interesting	to	ponder	during	play.	Schizophyllum	(Bottom)	commune	white	rot	forming	a	V-shaped	decay	section	in	a	tree	round.	Through	their	work,	mycorrhizal	fungi	act	as	central	drivers	in	the
cycling	of	the	world's	nutrients;	12	they	are	the	microbridges	that	sustain	whole	plant	communities	and	enable	life	to	flourish	in	some	of	the	most	extreme	environments	on	Earth.	They	are	commonly	assumed	to	have	been	animals,	however	they	may	actually	represent	bygone	fungal	structures.	However,	the	extraction,	industrial	processing,	and
transglobal	shipment	of	both	artificial	and	natural	fertilizers	incurs	a	range	of	significant	and	hidden	social	and	ecological	costs,	making	them	unsustainable	options	for	enhancing	crops.	Beetles	and	Yeasts	The	largest	order	of	insects	in	the	world	is	the	Coleoptera-the	beetle	clan.	DSEs	are	found	in	association	with	the	fine	roots	of	shrubs	and	trees,
especially	conifers.	All	of	these	fungi	were	introduced	from	abroad.	It	seems	that	all	beetles	contain	dozens	or	hundreds	of	yeast	species	in	their	guts,	some	of	which	may	descend	from	yeast	lineages	that	are	not	encountered	in	other	habitats	(e.g.	the	Candida	tanzawaensis	clade).	How,	then,	do	both	of	these	acts	occur	simultaneously	without	the	thin,
constantly	weakened	apex	exploding	and	releasing	the	mycelium's	contents?	Naming	Fungi	To	come	to	know	the	fungi-or,	at	least,	what	they	allow	us	to	know	of	them-one	must	first	learn	to	see	and	describe	their	many	forms.	<	:;::5	.	For	these	fungi,	the	two	primary	mycelial	networks	that	fuse	to	become	a	mushroom	must	be	genetically	compatible.
be/en!strain-collection/	strain-list	A	reputable	Beligian	spawn	and	culture	source.	In	effect,	reductionism	is	a	double-edged	sword,	with	greater	knowledge	accumulating	on	one	side	and	incoherence	spreading	across	the	other.	RADICAL	MYCOLOGY	1.	Everyone	put	their	finger	on	a	blank	part	of	the	map,	drawing	a	pencil	dot	there.	Bartender	says,
"We	don't	serve	mushrooms:'	WHAT	GROWS	IN	THE	WATER,	EATS	DECAYING	PLANTS,	AND	HAS	GREY	GILLS?	Like	the	flow	through	a	watershed,	cytoplasm	is	not	stagnant	in	mycelium.	http:!I	acid.	The	top	section	is	one	slice	of	the	game	board.	In	the	interim,	challenging	research	is	unable	to	gain	a	seat	at	the	theoretical	bargaining	table,
leaving	the	uninformed	non-scientific	community	to	model	their	worldview	with	potentially	outdated	paradigms.	Once	constructed,	these	walls	do	not	lengthen.	However,	rather	than	passing	cellulose	through	their	gut	(as	humans	do	in	the	form	of	"dietary	fiber"),	many	herbivores	are	reliant	on	Chytrids	in	their	guts	to	digest	the	plant	material	they
consume.	,	~	B	0	;::	0	(I)	~	&'@	"O	These	spores	are	plentiful.	Enzymes	are	responsible	for	the	vast	majority	of	the	work	that	occurs	within	cells.	Much	like	a	wild	river	system,	mycelium	flows	as	an	open	circulatory	network	of	shared	waters,	nutrients,	and	information.	In	Africa	and	Asia,	these	insects	work	with	about	20	mushroom-forming	species	in
the	genus	Termitomycetes.	Perhaps	this	is	why	Pherecydes,	teacher	of	the	mathematician	and	mystic	Pythagoras,	deemed	the	center	of	the	pentagram	pentemychos,	the	place	from	which	all	life	was	born.	Eighty	different	strains	of	Fusarium	oxysporum	are	known,	each	of	which	specialize	on	a	different	crop.	These	conidia,	or	conidiospores,	form	on	a
structure	known	as	a	conidiophores.	End	with	an	enjoyable	item	followed	by	general	announcements.	Whether	born	in	the	sea	or	on	land,	life	for	the	first	eukaryotic	cells	must	have	been	incredibly	challenging.	After	You	Play	Untape	the	play	sheets	from	the	central	map,	and	devise	a	way	to	store	everything.	In	forests,	fields,	and	deserts,	mycorrhizal
fungi	act	as	keystone	species	that	stitch	together	the	fabric	of	a	habitat	and	pull	it	forward	through	time.	That's	okay.	C-1	endophytes	also	produce	a	range	ofbioactive	substances.	To	enable	such	a	rapid	rate	of	cyclosis	in	the	mycelium,	as	well	as	to	help	force	each	hyphal	tip	forward,	a	pressure	of	up	to	10	atm	(roughly	three	times	the	pressure	in	a
car	tire)	must	be	built	within	the	mycelium.	Resilient,	inspired,	and	ancient,	spores	are	the	still	point	from	which	storms	arise	to	spawn	whole	communities	and	whole	ecologies.	By	comparison,	human	activities	release	around	7	Gt	of	C0	2	per	year.	Some	people	intentionally	cultivate	Huitlacoche	by	inoculating	corn	silks	with	the	spores	of	the	fungus.
In	general,	plants	usually	host	one	dominant	C-1	species.	In	one	study,	zinc-exposed	AM	fungi	were	shown	to	have	a	higher	germination	rate	than	those	isolated	from	non-contaminated	sites	when	later	exposed	to	high	levels	of	zinc.	These	"gardens"	are	irregularly	shaped,	0.5-millimeter-wide	yeast	clusters.	Asking	for	changes	or	additions	to	the
agenda	when	the	meeting	starts.	29	In	other	words,	these	organisms	could	be	considered	a	completely	unique	branch	on	the	MOL,	one	that	pervades	all	soil	systems	and	connects	the	majority	of	the	world's	plants	into	a	distributed	network	of	shared	nutrients	and	nuclei.	-GERALD	POLLACK54	18	Water	is	one	of	the	most	ubiquitous	substances	in	the
world	and	also	one	of	the	most	mysterious	molecules	in	all	of	chemistry.	As	mycelium	grows,	it	also	makes	conservative	decisions	about	how	it	will	expend	its	resources.	Prioritize	items	based	on	urgency.	To	rotate	roles	throughout	the	group,	the	Note	Taker	could	be	the	next	meeting's	facilitator.	The	abomasum	makes	up	about	80%	of	the	total
stomach	volume	in	calves,	while	(Above)	This	Death	Watch	beetle	may	be	host	to	dozens	of	undescribed	yeast	species.	2	Down	below,	Earth's	oceans	slowly	cooled	as	its	solid	material	condensed	into	Pangaea,	a	great	landmass	of	sterile	rock.	Changes	in	the	hydrostatic	pressure	or	amino	acid	concentration	inside	the	mycelium	and/or	its	electrical
potential	have	been	suggested	as	possible	answers.	rnilitaris)	produce	large,	pimply	fruit	bodies	from	the	heads	of	their	host	insect.	If	needed,	they	suggest	taking	short	breaks	so	everyone	can	move	their	body	and	refocus.	The	organisms	of	the	world	are	the	notes	of	the	music	guiding	this	dance,	with	fungi	acting	as	the	conductors	of	each	biome's
grand	orchestra.	ECM	fungi	predominate	in	the	upper,	organic-rich	layers	of	coarser,	acidic	soils	that	receive	higher	levels	of	precipitation	and	where	flora	and	fauna	diversity	is	relatively	low.	The	hymenium	of	Ascomycete	mushrooms	is	typically	found	in	one	of	the	following	structures:	•	•	Fleshy,	stalkless,	cup-	or	saucer-shaped	fruit	bodies
comprised	of	three	parts:	the	hymenium	(on	an	upper	concave	surface),	the	hypothecium,	and	the	excipulum.	Saccharomyces	was	by	far	the	most	prominent	genus.	LIAS	-A	Global	Information	System	for	Lichenized	and	Non-Lichenized	Ascomycetes	.	However,	the	type	of	mycorrhiza	a	fungus	or	plant	may	form	at	a	given	time	can	vary	in	a	number	of
ways.	Fungi	as	spores,	spore	as	fungus,	fungi	as	life.	CHAOSFUNGORUM	1	For	Linnaeus,	the	habits	of	fungi	were	so	similar	to	that	of	animals	that	he	considered	them	a	small	"animalcule"	similar	to	worms,	but	in	its	own	genus:	the	Chaos	fungorum.	Chapter	3	then	presents	an	overview	of	the	major	influences	fungi	have	had	in	human	cultures,	a
theme	that	develops	throughout	the	rest	of	the	text.	GYMNOTHECIUM:	These	structures	are	similar	to	cleistothecium	but	have	a	more	loosely	woven	peridium.	ECM	can	increase	the	surface	area	of	a	root	system	by	up	to	47-fold.	Publisher	of	the	scholarly	journal	Mycologia.	It	wasn't	until	decades	later	that	the	life	cycles	and	ecological	roles	of	fungi
began	to	gain	significant	attention.	But	as	these	efforts	heavily	rely	on	the	support	of	mycology	departments	in	universities	and	botanical	gardens,	mycological	societies	also	face	a	degree	of	insecurity	due	to	the	tenuous	state	of	their	supporting	institutions.	•Illustrate	how	an	area	grows	or	changes.	It	is	the	maker	of	potent	medicines,	the	eldest
architect	of	forest	and	desert,	and	the	destroyer	of	concrete	and	wood.	In	one	study,	endophytes	removed	from	grasses	growing	in	geothermal	soils	near	Lassen	Volcanic	and	Yellowstone	National	Parks	were	shown	to	provide	thermoprotection	to	tomato,	watermelon,	and	wheat	plants	planted	in	149°F	(65°C)	soil	for	ten	days.	THE	SMALLEST	SPORE
Looking	at	many	trends	in	the	sciences,	it	is	clear	that	the	decreased	emphasis	on	whole-organism	research	in	mycology	and	other	fields	is	not	simply	an	effect	of	advances	in	technology,	but	of	underlying	assumptions	that	permeate	the	scientific	community	and	western	culture	in	general.	septae),	in	their	hyphae,	giving	each	thread	the	appearance	of
being	comprised	of	individual	cells.	The	first	five	of	these	groups	contain	single-celled	and/	or	cryptic,	soil-dwelling	species	that	are	not	easy	to	observe	or	identify	without	the	aid	of	a	microscope.	ars-grin.gov/taxadescriptions/keys/	Trichodermaindex.	For	example,	"on	your	turn,	choose	a	spore	that's	on	your	play	sheet."	Ringing	the	map	is	the	River	of
Time,	which	the	little	diamond-shaped	spores	that	represent	our	different	capabilities	will	follow	as	they	fl.ow	ever	leftwards.	This	little-studied	mycorrhizal	association	is	primarily	found	in	nursery	plants	and	rarely	in	forest	ecosystems.	Among	his	many	findings,	Pollack	discusses	that,	under	certain	conditions,	water	enters	a	state	between	solid	and
liquid	which	is	like	a	highly	structured	liquid	crystal	gel.	29	Where	ECM	diversity	is	high,	a	species	gradient	often	extends	from	a	forest's	edge.	Similarly,	the	sugars	that	make	up	80-90%	of	the	fungal	cell	wall	are	made	ofD-glucose	bound	with	P-1,3	linkages.	71	The	dronk	gras	(Melica	decumbens)	of	South	Africa	and	the	drunken	horse	grass
(Achnatherum	inebrians)	of	Asia	(which	is	infected	by	Neotyphodium	gansuense)	are	both	avoided	by	animals.	Such	study	was	often	applied	to	the	forms	of	animals,	plants,	and	inanimate	objects.	I	n	2006	I	was	living	in	Olympia,	Washington,	a	mushroom-steeped	city	in	the	heart	of	the	Cascadia	bioregion.	In	effect,	more	nitrogen	is	fixed,	leading	to
better	root	growth	and	increased	AM	and	rhizobia	development.	-TOBY	HEMENWAY108	FUNGI	BEING	53	Heart	rot	infections	occur	when	the	bark	of	a	tree	is	damaged,	allowing	nitrogen-fixing	bacteria	and	fungal	spores	to	enter	the	tree.	Estimates	range	from	5-12,	depending	on	the	data	at	hand.	Also,	if	someone	vetoes	something	you	put	into	the
story,	that	doesn't	make	you	a	jerk.	APPENDIX	M:	FACILITATED	MYCOLOGY	567	TIME	KEEPER	(OPTIONAL)	This	person	keeps	track	of,	and	periodically	announces,	the	remaining	amount	of	time	allotted	for	each	agenda	item	as	well	as	for	the	entire	meeting.	Some	form	both	a	sexually	reproductive	structure,	known	as	a	teleomorph,	as	well	as	an
asexual	form,	or	anamorph.	The	related	genera	Lactarius	and	Russula	are	considered	some	of	the	most	important	ECM	species	as	they	form	mycorrhizae	with	many	different	trees	around	the	world.	Then	let's	take	a	closer	look.	27	Often,	the	resultant	root	tends	to	underdevelop	and	take	on	a	short,	chubby	look.	MUSHROOM	JESUS?	In	blood	vessels,
the	fluid	vortex	may	be	so	rapid	that	the	center	third	of	the	vessel	is	a	void.	mycorrhizas.	Glomalin	thereby	makes	the	soil	fluffy	yet	stable,	a	quality	that	enables	water	and	oxygen	to	easily	penetrate	the	soil	and	allows	beneficial	oxygen	breathing	microbes	to	survive	at	greater	depths.	Radical	Mycology	begins	with	an	introduction	to	the	state	of
mycology	as	a	science	and	the	importance	of	increasing	mycological	awareness	in	Western	cultures.	Through	these	and	other	fungi,	the	nutrients	of	the	ancient	oceans	nourish	the	trees	of	the	world.	These	molecules	are	then	immediately	rebuilt	and/or	extended	as	the	pressure	of	the	cytoplasm	pushes	against	them.	21	The	Glomeromycota	are	highly
adapted	to	forming	AM	associations:	their	DNA	holds	over	100,000	genes	related	to	the	symbiosis.22	Compared	to	other	types	of	mycorrhizal	fungi,	AM	are	quite	easy	and	inexpensive	to	cultivate.	Like	all	proteins,	enzymes	are	built,	folded,	and	moved	around	the	cell	through	various	stages,	generally	being	first	formed	in	an	organelle	known	at	the
endoplasmic	reticulum	(ER)	and	then	moved	to	another	organelle,	the	Golgi	Apparatus	(GA).	Mycorrhizal	and	rhizobial	symbioses	often	act	synergistically	and	supportively	in	terms	of	infection	rate,	mineral	nutrition,	and	plant	growth.	Most	are	host-specific	and	produce	spores	in	cleistothecia.	In	all	instances,	the	mycelium	wraps	around	the	plant's
root	tips	and	enters	the	root	cellular	structure	to	a	depth	of	at	least	the	first	few	cell	layers.	Spores	that	evade	such	predators	but	land	under	imperfect	conditions	may	simply	lie	dormant	until	the	proper	conditions	arise.	Endophytes	associate	with	all	major	land	plant	lineages,	including	liverworts,	hornworts,	mosses,	lycophytes,	equisetopsids,	ferns,
and	seed	plants	(angiosperms).	Leeds	Designers:	Peter	McCoy,	Mara	Penfil	All	photographs	and	illustrations	copyright©	2016	by	Peter	McCoy,	unless	otherwise	credited.	Wby	games?	Instead,	Radical	Mycologists	spread	the	mycopsychology	ofliving	devoted	to	and	bonded	with	Nature	in	a	way	that	is	affirming,	intelligently	self-guided,	and	resilient
against	unforeseen	and	inevitable	change.	Together,	these	layers	make	this	zone	stiff	and	gel-like.	Don't	Correct	Some	players	will	make	up	things	that	won't	align	with	your	understanding	of	science.	From	what	is	known,	endophytes	seem	to	increase	productivity,	succession,	diversity,	and	energy	flow	through	the	plants	they	inhabit	and,	by
extension,	their	environment.	This	small	size	is	efficient	for	the	lifestyle	of	the	fungus	as	its	high	surface	area	allows	for	maximum	exposure	to	the	environment,	while	minimizing	any	crowding	effect	that	the	fungus	may	have	on	other	species.	Communication	and	collaboration	amongst	animals,	plants,	and	microbes	is	vital	to	the	health	of	each
individual	as	well	as	to	the	entire	ecosystem	on	which	they	all	depend.	org	A	free	discussion	forum	on	mushroom	cultivation	and	much	more.	It	is	through	soil	that	carbon,	nitrogen,	and	many	other	elements	complete	their	resurrection	from	decay	back	into	living	matter.	This	fungus	may	be	a	relic	of	an	ancient	era	when	fungi	helped	transition
microsopic	organisms	into	the	macroscopic	structures	we	call	plants	today.	This	splintering	has	not	been	intentional	amongst	scientists,	but	has	come	about	as	the	result	of	the	reductionist	scientific	model,	which	attempts	to	understand	the	world	by	analyzing	its	smallest	parts.	Runner	hyphae	appear	as	individual,	superficial	fungal	strands	following
the	depressions	between	epidermal	root	cells.	To	my	knowledge,	only	467	marine	fungal	species	from	244	genera	have	been	discovered	thus	far.	54	When	heavy	metal	spills	occur,	common	"treatment"	strategies	tend	to	rely	on	earth-moving	operations	that	reshape	and	regrade	the	polluted	environment.	Roundness	is	seen	in	the	bottom	of	the	bird's
nest	fungi,	in	the	spherical	spores	of	globe-shaped	Calvatia	puffballs,	in	the	cleistothecia	of	Ascomycetes,	and	in	the	cross	section	of	a	hypha,	stipe,	or	Hericium	tooth.	Li	is	in	the	branching	of	the	circulatory	system	of	animals,	the	spread	of	Yarrow	flowers,	and	the	textures	of	bone,	wood	grain,	and	tree	bark.	Commonly	seen	in	vegetable	gardens,
these	fungi	produce	white	pustules	on	plants	leaves	and	fruit	surfaces.	400	million	years	ago)	and	share	similarities	to	species	in	the	modern	genus	Allomyces.	Often	this	is	done	with	chemical	fertilizers,	which	themselves	may	contain	heavy	metals.	Then,	READ	ALOUD	the	rest	of	the	rules.	They	primarily	eat	cellulose	and	hemicellulose	but	can	also
degrade	lignin	slowly,	leaving	a	distinct	rhomboidal	pattern	in	decayed	wood.	This	pressure	is	contained	by	the	strong	hyphal	cell	wall	and	by	the	stiff	EZ.	I	am	grateful	for	the	feedback	from	Dr.	Gerald	Pollack	on	The	EZ	Theory	of	Hyphal	Extension,	for	the	help	from	Jim	Bell	and	Joshua	Kogan	on	the	technical	details	of	soil	mechanics	and
remediation,	and	for	Marlene	at	Tumbling	Creek	Farm's	insights	into	biodynamic	mushroom	cultivation.	uk	A	society	for	amateur	and	professional	lichenologists.	Maintain	accountability.	As	the	text's	proposals	increased	in	familiarity,	Radical	Mycology	turned	from	an	idea	into	a	practice	and	quickly	evolved	in	ways	that	I	could	have	never	imagined.
info	Commercial	supplier	of	tempeh	cultures.	Though	some	of	these	fungi	are	considered	parasites	when	free-living,	when	cohabitating	inside	of	a	plant	they	generally	produce	no	symptoms	or	discernable	negative	influence.	How	did	these	nuclei	accumulate	and	when?	In	the	end,	a	once-fertile	landscape	will	be	left	barren	with	no	topsoil	to	sustain
future	plant	growth,	while	aquatic	life	in	downhill	water	systems	will	be	choked	out	by	soil	sediment	as	it	washes	out	to	sea.	When	it	reaches	the	second	box	our	fungal	self	figures	out	how	to	produce	the	correct	digestive	enzyme	to	break	down	the	pollutants,	and	all	players	can	erase	parts	of	the	pollution	and	illustrate	nature	returning	to	the	polluted
area	while	they're	playing.	html	An	assortment	of	lichen	related	resources.	33	Much	of	this	tissue	is	found	in	soils,	where	it	acts	a	carbon	reserve,	or	sink,	for	the	environment	and	as	a	food	source	for	innumerable	microbes.	PREFACE	MYCOLOGY:	The	study	offungi	(e.g.	mushrooms,	molds,	yeasts,	and	lichens).	The	Rhizoctonia	fungi	that	associate
with	many	orchids	are	also	known	to	act	as	a	root	rot	on	non-orchid	plants.	As	research	increasingly	focuses	on	deciphering	code	on	a	computer,	the	tangible	ecological	roles	of	fungi,	along	with	their	field	identification,	loses	further	visibility	amongst	academics.	As	the	soil	was	continuously	depleted	over	de-	FUNGI	BEING	41	42	RADICAL
MYCOLOGY	The	Mycobiome	Moving	out	of	the	soil	matrix,	one	finds	fungi	permeating	the	interior	of	nearly	all	aboveground	organisms.	Little	diamond-shaped	moving	pieces	for	that	board	called	"spores."	Two	smaller,	"side"	boards.	The	digestive	enzymes	of	fungi,	like	all	enzymes,	are	types	of	proteins	used	to	start	and/or	speed	up	chemical	reactions
within	or	outside	of	cells.	mycobank.	org	The	global	fungal	nomenclator,	providing	the	most	current	name	of	around	434,000	fungal	species	(including	yeasts,	lichens,	chromistan	fungal	analogues,	protozoan	fungal	analogues,	and	fossil	forms).	When	applied	in	the	field,	the	bulk	of	these	fertilizers	are	subsequently	lost	to	sea	where	they	sink	to	the
ocean	floor	and	become	unavilable.	They	track	which	tasks	each	member	has	volunteered	to	take	on	as	well	as	which	agenda	items	were	not	covered	and	have	to	be	"tabled"	for	the	next	meeting.	For	beneath	their	physical	acts	lays	another	set	of	patterns	that	not	only	express	lessons	about	fungi	and	humans	but,	more	deeply,	something	intangible
about	Nature	itself.	In	effect,	the	fungus	expands	the	absorptive	area	of	the	plant	roots	10-1,000	fold,	thereby	increasing	the	growth	rate	and	survival	time	of	the	roots,	while	decreasing	the	time	it	takes	for	the	plant	to	reach	maturity.	A	site	for	amateur	and	professional	mycologists	to	record	observations,	help	others	identify	mushrooms,	and	track
distribution	patterns.	Thus,	the	rise	of	one	of	the	central	pillars	of	omnivorous	human	cultures-animal	husbandry-is	an	art	that	has	been	entirely	and	secretly	dependent	on	micro	fungi	to	flourish.	36	As	a	hypha	extends,	it	also	branches	three-dimensionally.	(Left)	Pelo	tons	of	orchidaceous	mycorrhizae	inhabit	and	feed	orchid	root	cells	in	continuous
waves.	SPORES	and	FOREST	PLAY	SHEETS	It's	time	for	us	to	each	get	a	play	sheet.	longibrachiatum	LICHENS	Aspicilia	fruticulosa	Circinaria	gyrosa	Rhizocarpon	geographicum	Rosenvingiella	Xanthoria	elegans	Xanthoria	parietina	62	protein-let	alone	the	thousands	required	to	produce	and	maintain	a	healthy	cell-this	"primordial	soup"	theory	has
been	dismissed	outright	by	many	scientists.	(Bottom	right)	Cordyceps	species	(here	C.	This	relationship	may	be	as	ancient	as	the	lineages	from	which	these	animals	descend.	Where	one	Radical	Mycologist	trains	ten,	those	ten	can	train	a	hundred,	and	from	them,	a	thousand-so	it	is	that	the	mycelium	spreads.	As	plants	developed,	some	of	their	fungal
partners	separated	and	spread	across	the	terrestrial	plane,	23	while	many	others	travelled	inside	of	the	plant	tissues,	becoming	endophytes.	Indeed,	the	vast	majority	of	soil	organisms	cannot	be	intentionally	cultivated,	their	lives	being	inextricable	from	the	soil	body.	info	A	culture	collection	of	fungi	and	microbes	from	around	the	world.	42	There	also
seems	to	be	a	kind	of	communication	between	AMF	and	bacteria	that	is	stimulated	by	fungal	exudates,	43	such	as	the	compound	known	as	the	"myc	factor;'	which	has	been	shown	to	activate	rhizobia	nodulation.	24	During	this	exchange,	the	DNA	of	both	species	may	recombine,	25	forming	hybrid	nuclei	with	the	combined	genetic	intelligence	of	the
parent	nuclei.	mycology.	Some	endomycorrhizal	fungi	do	not	form	mushrooms	but	live	cryptic	lives	beneath	the	soil	horizon.	Some	run	parallel	for	a	while,	others	may	intersect,	but	most	diverge	and	adapt	as	they	learn	to	expand	in	the	universe	of	soil,	knowledge,	and	unlimited	experience.	Spores	cannot	survive	without	being	nurtured	by	their
habitat.	As	discussed	in	Chapter	6,	medicinal	Monascus	species	have	been	used	in	Traditional	Chinese	Medicine	for	millennia.	64	These	plants	were	among	the	first	land	plants	with	roots	(bryophytes),	which	arose	around	the	Mid	Silurian	era	(ca.	If	anything	in	the	story	makes	you	uncomfortable,	please	just	veto	it,	no	questions	asked,	and	the	person
who	made	it	up	will	make	up	something	different	to	replace	it.	Some	of	the	mycelium	aggregates	into	a	hyphal	knot	that	quickly	develops	into	a	primordium.	These	stomachs	are	essentially	fermentation	tanks	in	which	small	ponds	of	Chytrids	digest	the	plant	matter,	forming	cud.	33	To	metabolize	their	substrate,	fungi	require	oxygen,	which	is
primarily	taken	in	by	diffusion.	73	They	have	been	shown	to	increase	plant	tolerance	to	drought,	desiccation,	heat,	and	salinity,	and	to	increase	a	plant's	root	and	shoot	biomass.	uk	Commercial	supplier	of	tibicos,	kefir,	ginger	beer	plant,	and	kombucha	cultures.	Radical	Mycologists	of	today	stand	on	the	shoulders	of	innumerable	mycological	giants,
graced	with	the	inheritance	of	knowledge	gathered	over	the	last	few	centuries	and	the	duty	to	protect,	honor,	and	build	upon	this	fragile	science.	Truffles	seem	to	be	the	primary	food	source	for	these	rodents,	with	Rhizopogon	spores	being	the	most	prevalent	at	25%	of	those	collected.	I	believe	that	the	inclusion	of	the	EZ	theory	of	water	into	existing
models	of	hyphal	extension	is	the	missing	link	to	the	many	mysteries	that	have	long	plagued	mycologists	studying	this	phenomenon.	Finally	and	forever,	I	thank	the	fungi	for	the	innumerable	gifts	that	they	have	given	the	world,	for	all	the	incredible	lessons	they	have	taught	me,	and	for	the	unexpected	doorways	they	have	opened	along	my	path.	On
your	turn	you'll	choose	a	spore	on	your	section	of	the	River	of	Time	and	move	it	left	one	space	for	each	mark	on	its	edge.	No	part	of	this	book	may	be	transmitted	or	reproduced	in	any	form	by	any	means	without	permission	in	writing	from	the	publisher.	As	the	cultivator	watches	the	mycelium	express	itself,	she	does	not	watch	a	single	organism	grow.
Found	in	the	upper	layers	of	wet	soils	poor	in	inorganic	nutrients,	13	this	association	has	been	suggested	by	some	researchers	to	represent	a	step	in	the	evolution	of	plants.	To	defend	their	substrates	from	competitors,	these	fungi	will	often	sequester	limiting	nutrients	(e.g.	nitrogen)	or	produce	inhibitory	metabolites.	To	be	effective,	however,	such
campaigns	would	need	to	be	paralleled	with	efforts	to	end	the	use	of	ecologically	destructive	pesticides,	at	a	minimum.	Others	are	able	to	bore	deep	inside	of	rocks.	This	water	is	charged	by	energies	radiated	by	celestial	bodies	and	the	ecosystem	that	the	fungus	plays	a	central	role	in	shaping.	However,	the	"head-start	theory"	proposed	by	some
deadwoodologists	also	suggests	that	some	epiphytes	(and	endophytes)	may	live	asymptomatically	until	the	plant	becomes	weakened	or	damaged,	at	which	point	the	fungus	will	begin	to	actively	feed	on	it.	While	it	is	known	that	specific	frequencies	oflight	initiate	mushroom	formation	in	some	species,	it	is	not	understood	why	these	specific	wavelengths
are	required.	A	haploid	spore	lands	in	a	suitable	habitat,	germinates,	and	forms	monokaryotic	primary	mycelium.	•	Provide	an	option	for	those	who	do	not	support	a	proposal	to	"stand	aside"	rather	than	block.	The	resultant	material	is	very	resistant	to	further	degradation	and,	in	effect,	acts	as	a	type	of	natural	sponge	that	holds	water	and	nutrients,
and	provides	refuge	for	insects	and	microbes.	Mycology	is	a	uniting	science,	one	that	I	am	constantly	surprised	to	find	draws	people	from	all	backgrounds	together.	These	fungi	clear	areas	of	overgrowth,	opening	up	the	tree	canopy	to	allow	light	to	enter	the	understory.	Sunken	beneath	the	recesses	and	pervading	all	niches,	mycelium	is	the	silent	and
hidden	connector,	cleanser,	and	healer	of	the	world.	This	is	only	possible	through	the	conservation	of	biodiversity	in	threatened	habitats.	New	models	for	hyphal	growth	need	to	be	developed	that	account	for	these	phenomena	in	full.	However,	considering	that	leaf-cutter	ant	queens	are	some	of	the	longest-lived	queens	of	all	social	insects,	it	is	possible
that	the	mycelium	may	be	medicinal	for	the	ants	and	not	solely	nutritive.	However,	once	they	are	classified	as	fungi,	the	challenge	for	mycologists	is	to	then	properly	position	and	name	an	organism	in	relation	to	the	others	in	the	Queendom.	Similarly,	if	a	network	is	broken	by	a	disturbance	to	its	habitat,	the	broken	ends	of	a	hyphal	thread	will
constrict	their	septae	to	limit	the	loss	of	cytoplasm.	Thin	and	singular,	the	life	of	the	fungus	erupts	as	a	filament	of	tissue:	the	hypha.	com	A	great	resource	on	making	homemade	ethanol	for	gasoline	engines.	This	was	an	explosive	era	for	evolution.	NITROGEN-FIXING	FUNGI?	Along	with	other	Radical	Mycologists,	I	have	organized	three
internationally	attended,	volunteer-run,	and	donation-based	Radical	Mycology	Convergences.	Some	can	even	be	hyperparasites	that	parasitize	the	parasites	of	other	animals.	32	Likewise,	more	than	eight	miles	of	mycelium	may	fill	each	cubic	inch	of	soil,	yet	fungi	only	comprise	5-10%	of	the	entire	mass.	One	of	the	first	of	these	came	during	the	rise	of
lichens,	when	associations	formed	between	ascomycetous	and/or	glomeromycotan-like	fungi	and	cyanobacteria	or	algae	(that	is,	assuming	lichens	did	not	come	from	outer	space).	So	though	a	purely	fungal	origin	of	life	(pansporia)	has	been	suggested	by	mycophiles	over	the	last	few	decades,	it	is	perhaps	more	plausible	that	the	mini-ecosystem	of
fungi,	algae,	and/or	nitrogen-fixing	cyanobacteria	that	we	call	lichens	served	as	the	inoculum	of	ancient	Earth.	Note	Takers	also	type	up	and	send	out	the	meeting	notes	to	the	whole	group	as	soon	as	possible.	37	It	is	an	ephemeral	school	of	mycelial	thought,	a	mysterious	flock	of	fungal	will.	However,	as	environmental	destruction	and	the	application
of	pesticides	continue	to	threaten	the	survival	of	fungi	throughout	the	world,	any	support	they	offer	bees	is	constantly	being	decreased,	making	any	study	of	these	dynamics	increasingly	difficult.	The	result	is	not	only	significant	confusion	amongst	professional	and	amateur	mycologists,	but	also	heated	debates	amongst	the	many	devout	mycophiles
invested	in	the	revision	process.	With	incredible	precision,	the	size,	shape,	development,	and	release	of	spores	are	all	calculated	to	ensure	that	the	each	spore	is	able	to	fall	and	disperse	unimpeded	by	other	spores.	When	used	to	inoculate	the	orchid	Dendrobium	nobile,	one	DSE	was	shown	to	form	structures	similar	to	pelotons	and	to	increase	the
plant's	height,	biomass,	and	stem	diameter.	The	intimacy	of	this	relationship	is	most	apparent	in	cows.	All	species	in	the	Orchidaceae	(about	880	genera	with	22,000-25,000	species).	Through	the	actions	of	fungi,	the	cycles	of	life	begin	anew.	Huitlacoche	(Ustilago	maydis)	is	a	smut	that	commonly	infects	corn.	Indeed,	viable	spores	of	Cladosporium
cladosporioides	and	other	fungi	have	been	obtained	from	4,500-year-old	glacial	ice	cores,	a	testament	to	their	ability	to	survive	the	trials	of	space	and	time.	And	as	future	disturbances	to	an	ecosystem	are	unpredictable,	ecosystem	resilience	must	remain	high	to	ensure	its	recovery	from	natural	disasters.	CHAOSFUNGORUM	7	The	Ascomycete	Life
Cycle	1.	All	things	are	bound	together.	46	Some	of	this	phosphorus	may	come	from	organic	(carbon-containing)	compounds	(e.g.	phytate,	phosphoglucans,	phospholipids,	and	nucleic	acids),	which	can	easily	be	solubilized	by	fungi	or	other	microbes	through	the	use	of	phosphatases	and	other	digestive	enzymes.	Lichens	and	Lichenologists	The
California	Lichen	Society	http:!Igis.	And	in	desert	environments,	AM	are	critical	for	plant	health	and	hydration,	especially	cacti,	which	have	thick	fleshy	roots	and	few	or	no	root	hairs.	The	splintering	of	knowledge	often	creates	nuanced,	field-biased	perspectives	that	can	lead	to	conflicting	interpretations	of	data	sets,	common	phenomena,	or	the	larger
meta-systems	that	govern	the	details	researchers	pick	apart.	Ectomycorrhizae	are	considered	the	most	advanced	of	all	the	mycorrhizal	relationships,	with	an	origin	dating	to	approximately	250	million	BCE.	For	decades,	this	and	other	species	of	entomopathogenic	fungi	have	been	intentionally	cultivated	and	applied	as	a	"bioinsecticide"	to	control
insect	populations.	Many	form	mycorrhizal	relationships	with	plants,	while	a	small	number	are	notable	pathogens	(e.g.	Dutch	elm	disease,	chestnut	blight,	ergot,	ringworm,	and	powdery	mildews).	This	movement	in	regard	to	gravity	is	known	as	gravitropism.	Pencils.	As	the	bee	matures,	it	may	continue	to	carry	the	fungus	inside	of	its	gut	until	it
ultimately	regurgitates	it	during	the	construction	of	other	brood	cells.	55	However,	this	long-standing	point	of	confusion	may	have	recently	been	laid	to	rest.	Often,	these	animals	will	cache	their	fungal	finds	like	cones	and	seeds,	119	or	they	may	lay	the	mushrooms	in	the	sun	or	hang	them	on	trees	to	dry	before	caching.	C-1	endophytes	provide	a
range	of	benefits	to	plants	such	as	increasing	plant	biomass,	conferring	drought	tolerance	and	disease	resistance,	and	producing	chemicals	that	are	toxic	to	animals,	thereby	decreasing	herbivory.	Such	projects,	along	with	educational	workshops	and	forays,	enable	Radical	Mycology	groups	to	raise	awareness	around	the	importance	of	fungi	as	well	as
to	place	that	knowledge	in	a	context	that	is	relatable,	tangible,	and	overall	effective	in	creating	positive	change.	To	give	a	sense	of	the	importance	and	intricacies	of	decomposition	cycles	and	some	of	the	critical	ways	that	fungi	return	nutrients	back	to	the	air	and	soil	web,	below	is	a	summary	of	the	ecology	of	decay	wood	(a.k.a	deadwoodology)	and
the	successional	stages	that	a	tree	goes	through	as	it	returns	to	the	Earth.	or	You	grow	afruit	body	which	poisons	the	humans,	reducing	their	numbers	and	happiness.	Northwest	Lichenologists	An	organization	that	facilitates	communication,	meetings,	and	field	trips	among	lichenologists	in	the	Pacific	Northwest.	Many	are	quite	virulent	but	often	only
present	in	unnatural	or	unhealthy	systems.	I	thank	Jan	Irvin	for	sharing	his	research	and	time	with	me.	Across	the	mushroom's	hymenium,	hyphal	tips	develop	into	dub-shaped	structures	known	as	basidium	(pl.	Once	a	problem	has	been	articulated	and	its	terms	defined,	resources	and	skills	can	be	drawn	together	to	create	viable	alternatives	and
solutions.	They	are	capable	of	growing	through	a	large	amount	of	the	plant	tissue,	though	their	diversity	in	an	individual	plant	is	often	quite	limited.	As	one	of	the	most	overlooked	tools	in	the	change-maker	hardware	store,	mycology	stands	as	one	of	the	last	uniting	factors	in	the	design	of	better	living	and	social	systems-a	spore	whose	time	has	come.
RADICAL	MYCOLOGY	Chapter	Three	OF	THE	HYPHOSPHERE	S	ince	life	first	appeared	on	Earth,	fungi	have	watched	over	the	world's	evolution.	When	we	confront	the	foundations	of	our	systems	oflearning	and	challenge	the	assumptions	that	underlie	the	design	of	culture,	new	opportunities	for	engagement	between	people	and	their	environment	are
found	waiting.	As	with	arbutoid	fungi,	monotropoid	species	will	form	an	ectomycorrhizal	structure	with	this	second	plant.	That	just	means	getting	the	components	ready	and	helping	everyone	to	understand	how	to	play.	Conversely,	some	bacteria	can	enhance	the	rate	of	phosphorus	uptake	in	AMF	and	plants	through	the	release	of	their	own
phosphatases	and	organic	acids.	This	often	looks	like	ping	pong	balls	being	shot	out	of	the	top	of	a	condom.	On	barren	Pangaea,	the	only	nutrient	sources	for	these	organisms	would	have	been	organic	compounds,	rock	minerals,	and	the	accumulating	bodies	of	dead	microbes.	Undoubtedly,	this	evolutionary	success	has	occurred	thanks	to	the	complex
mycorrhizal	associations	that	all	orchids	form.	AT	THE	END	OF	PLAY	When	the	game's	all	over,	come	back	here	and	read	the	following	paragraph	aloud:	HUMANS	and	ENZYMES	We	have	two	side	boards	that	help	us	keep	track	of	things	in	the	world	around	us.	Likewise,	endophytes	are	strongly	associated	with	initiating	the	decomposition	of	fallen
leaves.	As	more	species	are	differentiated	they	can	be	placed	together	into	more	intelligible,	namable	groups.	Others	are	perfect	spheres.	tripod.	Species	in	various	genera,	such	as	the	Neocallimastix,	Piromyces,	Orpinomyces,	Anaeromyces,	Caecomyces,	and	Cyllamyces,	are	found	in	the	guts	of	large	animals	where	they	help	the	animal	digest	its	food.
110	Brown	rot	fungi	leave	the	bulk	of	the	tree's	lignin	behind,	which	takes	on	a	cubical	or	stringy	appearance	that	breaks	down	to	a	fine	powder.	RADICAL	MYCOLOGY	A	haploid	spore	lands	in	a	suitable	environment	and	germinates,	sending	out	a	thread	of	tissue,	known	as	a	hypha	(pl.	APPENDIX	N:	ONLINE	RESOURCES	571	International	Code	of
Botanical	Nomenclature	.	To	aid	in	dispersal,	spores	may	be	spikey,	bumpy,	netted,	globular,	or	long	and	skinny.	Just	beyond	the	negatively-charged	EZ	is	an	area	of	densely	packed	positively-charged	ions	(cations).	This	spore	was	then	used	to	repeat	the	growing	process.	However,	putting	a	finger	on	exactly	when	they	first	developed	is	challenging.
ARBUSUCLAR	(ENDO	)MYCORRHIZAS	(AM)	ALL	SPECIES	OF	THE	GLOMEROMYCOTA	(CA.	Others	have	multiple	reproductive	options,	as	noted	with	the	Ascomycetes.	Just	as	order	balances	chaos,	the	mushroom	takes	form	from	this	void	of	primal	thought-an	ecstatic	expression	born	from	ascetic	meditation.	But	where	winds	are	particularly	strong
and	turbulent-such	as	on	the	edge	of	a	forest-spores	are	free	to	roam.	The	Seven	Types	of	Mycorrhizae	The	following	pages	detail	the	seven	recognized	types	of	mycorrhizal	associations.	101	Similarly,	domesticated	plants	may	lack	the	protective	endophytic	diversity	found	in	wild	plants,	a	hidden	factor	that	may	underlie	the	proliferation	of	many
fungal	infections	in	large-scale	agriculture	practices.	These	mycorrhizae	form	on	all	continents	except	Antarctica,	generally	in	high	elevation	grasslands,	tundras,	heathlands	(moorlands),	and	boreal	(taiga)	forests.	On	the	straight	is	it	ofone	kind,	and	on	the	transverse	it	is	of	another	kind.	Mycorrhizal	fungi	are	found	in	all	habitats	and	latitudes
permeating	the	soil	matrix.	However,	based	on	current	observations,	it	seems	that	fungi	do	not	use	any	similar	form	of	chemical	signaling	prior	to	the	production	of	their	various	structures.	This	branching	occurs	when	a	"satellite	Spitzenkorper"	separates	from	the	main	Spitzenkorper,	migrates	backward,	and,	at	some	distance	back,	attaches	to	the
side	of	the	hypha	to	dissolve	the	existing	wall	and	initiate	a	new	hypha	and	direction	for	exploration.	Some	are	ejected	forcibly.	But	considering	the	above	traits,	this	number	may	be	a	severe	underestimate	of	the	true	diversity	in	the	phylum.	It	is	an	amorphous	"cloud"	of	small	vesicles,	which	may	be	many	or	few	in	number.	ANIMAL-FUNGAL
RELATIONS	Compared	to	the	fungi	inside	of	plants,	only	a	few	fungal-animal	relationships	have	been	studied	in	depth.	Here,	researchers	inoculated	a	potted	plant	with	a	single	spore	of	Glomus	irregulare,	grew	the	fungus	through	its	life	cycle	until	it	produced	spores,	and	then	collected	a	single	spore.	Since	its	discovery	in	1996	by	Sarah	Wright,	the
chemical	structure	of	glomalin	has	remained	poorly	understood.	To	complement	its	benefits,	reductionist	frameworks	must	be	balanced	by	the	insights	provided	by	alternative	modes	of	learning.	Other	nitrogen-fixers	include	actinomycetes	in	the	genus	Frankia.	International	Society	for	Human	and	Animal	Mycology	.	Fungal	Cultivation	Mycotopia	A
free	discussion	forum	on	mushroom	cultivation	and	much	more.	nlm.	Together,	bacteria	and	AMF	form	a	beneficial	biofilm	in	the	mycorrhizosphere.	Thankfully,	this	error	was	finally	corrected	in	1959	when	American	ecologist	Robert	Whittaker	recognized	the	unique	traits	of	the	funga	as	distinct	from	flora	and	fauna,	and	elevated	the	group	to	its	own
unique	category:	the	Myceteae	or	Queendom	Fungi.	The	rate	of	this	process	is	staggering,	with	the	Spitzenkorper	in	Neurospora	crassa	sending	600	vesicles	to	its	apex	every	second,	or	36,000	vesicles	each	minute.	Though	it	is	possible	that	this	collaboration	could	be	the	result	of	chemical	signaling	in	the	interhyphal	space,	I	have	not	found	any
evidence	of	this	occurring.	I	thank	Maya	Elson	for	all	her	help	building	Radical	Mycology	from	a	vision	to	a	reality.	76	As	with	all	li	patterns,	mycelium	puts	order	to	the	seemingly	chaotic.	Entomophthora	muscae	commonly	infects	flies.	All	species	in	the	Glomeromycota	form	a	symbiotic	relationship	with	plant	roots.	•	Describe	how	you	assist	the	flora
in	one	area	to	thrive,	and	what	plants	benefit	the	most.	Written	in	Olympia,	in	the	Cascadia	bioregion.	The	Side	Boards	section	describes	where	each	one	starts.	Along	with	these	insights,	the	benefits	of	integrating	fungal	cultivation	into	daily	life	can	enhance	the	design	of	one's	home	and	town	in	ways	that	are	more	supportive	of	the	culture	and
environment	at	large.	Each	of	the	eight	divisions	in	a	taxonomic	classification	reflects	a	major	evolutionary	change,	or	"speciation	event;'	that	led	to	a	novel	lineage	of	organisms.	The	resulting	concept	of	INTRODUCTION:	TOWARD	A	RADICAL	MYCOLOGY	XVII	"social	Darwinism"	was	later	used	as	a	scientific	justification	for	class	divisions,
anthropocentrism,	hierarchical	governmental	structures,	and	the	rise	of	neoliberal	free	market	economics	in	which	only	the	strongest	survive.	Further,	these	models	do	not	account	for	the	electrical	current	that	flows	through	the	tip,	the	reason	why	growth	rates	pulse,	the	cause	of	cyclosis	and	tropism,	or	why	nuclear	packets	move	faster	than	single
nuclei	during	cyclosis.	As	Aristotle	once	stated,	"It	is	the	mark	of	an	educated	mind	to	be	able	to	entertain	a	thought	without	accepting	if'	Or,	in	other	words,	one	should	be	both	skeptical	and	open-minded,	just	not	so	open-minded	that	their	brain	falls	out.	Developed	in	the	1870s,	the	Bordeaux	mixture	was	the	first	chemical	used	to	control	a	plant
disease.	ENDOPHYTIC	FUNGI	Permeating	the	entirety	of	nearly	all	plant	tissues	are	the	ubiquitous	endophytic	fungi.	In	effect,	mycorrhizal	fungi	not	only	help	increase	the	plant's	overall	resilience	against	attack,	they	also	reduce	the	need	for	plant	growers	to	apply	natural	or	artificial	pesticides	that	disrupt	the	delicate	dynamics	of	soils.	Event
Organizing	Effective	event	organizing	is	an	art	unto	itself.	edu	Several	entertaining	and	educational	resources	from	Cornell	University	in	Ithaca,	NY.	The	yeast	Saccharomycetes	cerevisiae	was	the	first	eukaryote	to	have	its	entire	genome	sequenced	(it	has	12,067,266	base	pairs,	16	chromosomes,	and	6,275	genes).	Many	feed	on	dead	fungi	.	As	such,
one	of	the	best	strategies	that	apiaries,	farmers,	environmental	activists,	and	citizen	scientists	FUNGI	BEING	57	can	take	to	end	CCD	would	be	to	cultivate	and	apply	beneficial	micro	and	macro	fungi	in	proximity	to	bee	hives,	if	not	integrate	homemade	medicinal	fungal	extracts	directly	into	bee	feeding	regimens.	The	iron	component	may	be
responsible	for	the	reddish	color	of	glomalin	extracts	as	well	as	its	strong	antimicrobial	properties,	thermal	stability,	and	soil	stabilization	traits.	59	It	also	explains	how	large	red	blood	cells	can	be	forced	through	capillaries	that	may	be	half	their	diameter.	But	it	wasn't	until	I	became	deeply	involved	in	the	art	and	activist	movements	of	Olympia	that	I
found	the	language	and	skills	to	further	develop	ideas	I	had	long	held	on	how	to	integrate	fungi	into	any	social	movement	or	way	of	life.	And	in	marine	environments,	the	oxygen-poor	and	sulfide-rich	oceans	would	have	limited	life	to	anaerobic	creatures.	These	are	known	as	endomycorrhizal	fungi.	Time	is	always	circling,	patterns	emerge,	things
repeat.	•	Illustrate	the	area	on	the	map.	"Ouch,	my	back	sure	is	spore!"	WHAT	KIND	OF	SOAP	DO	MUSHROOMS	USE?	58	These	effects	even	occur	when	containers	of	EZ	water	are	not	located	in	the	direct	path	of	celestial	light.	The	rocks,	water,	and	life	forms	that	contribute	to	the	world's	biophysical	cycles	do	not	run	in	repetitious	loops.	It	is	a
resource	by	which	Radical	Mycology	as	both	theory	and	praxis	can	be	readily	placed	into	the	hands	of	anyone	working	to	enhance	their	home	or	community.	They	also	come	in	a	wide	array	of	colors,	an	aesthetic	feature	not	explainable	by	mycologists.	Not	only	can	mycorrhizal	fungi	reduce	the	effects	of	heavy	metals,	many	can	also	degrade	toxic
chemicals	as	they	simultaneously	reduce	erosion	and	increase	plant	resilience.	And	though	it's	outside	of	the	scope	of	this	game,	we'll	continue	to	steward	the	environment,	affect	the	people	around	us,	and	heal	the	wounds	in	the	world,	just	like	our	fungi	allies.	31	Many	of	these	boreal	ECM	may	also	form	ericoid	mycorrhizae.	A	Penicillium
conidiophore.	111	As	elsewhere,	this	provision	of	nutrients	by	fungi	ripples	up	the	food	web,	enabling	ocean	life	to	flourish	from	the	smallest	fish	to	the	largest	whales	of	the	sea.	Unlike	AM	fungi,	DSEs	can	form	mutualistic	symbioses	with	the	roots	of	plants	in	the	Brassicaceae.	For	Basidiomycetes,	mushroom	formation	is	so	refined	that	three	distinct
types	of	mycelium	may	be	used	to	construct	a	fruit	body.	Undoubtedly	this	is	due	in	part	to	their	secretive	and	complicated	lifestyles.	com	Seller	of	home-	to	moderate-scale	mushroom	cultivation	equipment.	cybertruffle.	Most	of	these	fungi	survive	by	producing	thick,	asexual	chlamydospores	that	can	survive	in	soils	for	years.	If	the	spore	lands	on	a
circle,	whoever's	sheet	it	lands	on	(you	or	the	player	to	your	left)	follows	that	circle's	list.	And	as	those	beings	died,	the	fungi	around	them	helped	recompose	their	bodies	into	the	next	generation.	Spores	fill	our	lungs	with	every	breath,	with	around	500	spores	contained	in	each	cubic	meter	of	air	in	the	summer	months.	READ	ALOUD	the	3	paragraphs
under	What	This	Game	is	About	on	the	previous	page.	116	Despite	these	promising	revelations,	the	dynamics	of	bee-fungal	interactions	have	only	begun	to	be	investigated,	leaving	many	questions	unanswered.	Some	of	these	enzymes	are	soluble	and	14	RADICAL	MYCOLOGY	can	travel	easily	into	the	external	environment.	The	contaminated	soil	is
often	removed,	incinerated,	and	replaced	with	imported	soil	that	is	devoid	of	fungi	and	microbial	life.	Meeting	Agenda	Items	(Points	of	anastomoses)	Agenda	items	will	vary	by	group	and	meeting.	Many	of	their	solutions	are	practical;	others	are	philosophical.	The	term	Tao	refers	to	the	vast	and	great;	the	term	Li	includes	the	innumerable	veinlike
patterns	included	in	the	Tao	...	Considering	that	this	symbiosis	has	arisen	multiple	times	in	the	evolution	of	beetles,	it	is	a	strong	example	of	convergent	evolution.	However,	in	2007,	tests	proved	that	due	to	the	wide	range	of	carbon	types	in	their	fossils,	Prototaxites	must	have	been	a	perennial	fungus-based	decomposer	and	a	major	recycler	of	organic
life	in	their	environments.	The	top	level	of	this	chart	depicts	the	most	current	phylogeny	of	these	orders.	On	top	of	the	basidium	small	peg-like	appendages	called	sterigmata	develop.	66	The	dry	rot	fungus	(Serpula	lacrymans)	forms	rhizomorphs	that	can	travel	across	all	types	of	building	materials	and	even	penetrate	into	several	meters	of	masonry	in
search	of	food.	It	is	often	witnessed	on	windowpanes	where	dead	flies	are	found	surrounded	by	a	white	halo	of	discharged	conidiospores.	They	produce	pectinases	that	break	the	pectin	"glue"	that	holds	plant	cells	together.	Fungal	Identification	North	American	Mycoflora	Project	Matchmaker:	Mushrooms	of	the	Pacific	Northwest	(MMPNW)	http:!I
www.northamericanmycofiora.org	A	project	working	to	track	and	interpret	fungal	distribution	patterns	and	phylogenies.	Similarly,	a	single	plant	may	host	dozens	of	species	at	a	time	or	throughout	its	life.	For	though	reductionism	provides	valuable	and	unique	means	for	measuring	the	world,	it	is,	like	all	belief	systems,	inherently	lined	with
limitations,	unexamined	assumptions,	and	design	flaws.	Such	an	approach	is	distinct	from	the	identification-focused	and	afternoon-long	format	of	most	traditional	mycological	events.	de!sip	man/keys/	default.htm	An	impressive	collection	of	lichen	keys	from	around	the	world.	The	Swollen	hyphal	tips	of	Geosiphon	pyriforme	v.	Dennis	once	said,	"
[Taxonomy	is]	the	art	of	classifying	organisms:	not	a	science	but	an	art,	for	its	triumphs	result	not	from	experiment	but	from	disciplined	imagination	guided	by	intuition:'s	Further,	fungal	taxonomy	is	currently	in	a	major	state	of	revision	as	recent	research	into	fungal	genetics	is	presenting	major	contradictions	to	presumed	fungal	lineages.	When	dried
or	placed	into	nutrient-depleted	water,	mycelium	of	many	species	will	enter	a	state	of	suspended	animation.	Through	number	and	geometry,	it	was	said	one	could	discover	the	essence	of	being.	You'll	still	get	to	play	like	everyone	else.	com	A	great	resource	for	inexpensive	laboratory	equipment.	Integrated	Taxonomic	Information	System	Taxonomic



information	on	the	world's	plants,	animals,	fungi,	and	microbes.	Queendom	Fungi	is	divided	into	seven	phyla:	the	Chytridiomycota,	Blastocladiomycota,	Neocallimastigomycota,	Microsporidia,	Glomeromycota,	Ascomycota,	and	Basidiomycota.	These	"dark	septate	endophytes"	(DSEs)	do	not	form	mycorrhizal	structures,	but	they	do	tend	to	lack	host	or
habitat	specificity,	similar	to	the	distribution	of	arbuscular	mycorrhizal	fungi.	Chapter	5	covers	the	incredible	qualities	of	lichens,	as	written	by	lichenologist	Nastassja	Noell.	6	RADICAL	MYCOLOGY	Spores	germinate	near	a	plant	root	and	enter	the	root	in	response	to	root	exudates.	In	addition,	the	author	and	publisher	do	not	represent	or	warrant
that	the	information	accessible	via	this	book	is	legal,	complete,	or	current.	Because	the	hypha	is	so	narrow,	the	pressure	is	able	to	achieve	a	high	value.	63	Conservative	estimates	suggest	that	at	least	95%	of	all	plants	in	the	world	live	symbiotically	with	endophytic	fungi.	67	In	a	sort	of	cleansing	role,	if	the	plant	is	subjected	to	stress	its	endophytes
may	alter	their	function	and	become	parasitic,68	thereby	killing	their	plant	partner.	17	Rains	fall,	mushrooms	form,	and	spores	ascend.	Roots	are	essentially	porous	anchors	that	primarily	stabilize	the	plant	and	serve	as	a	beacon	and	platform	for	the	beneficial	microbes	and	fungi	that	actually	produce	and	provide	much	of	the	plant's	nutrition.	This
wide	range	suggests	that	DSEs	may	significantly	increase	nutrient	access	for	plants	in	harsh	environments	by	linking	plant	roots	to	the	biological	soil	crusts	that	fix	carbon	and	nitrogen	(a	concept	known	as	the	Fungal	Loop	Hypothesis	88	).	In	the	fungi,	phi	is	found	in	the	dimensions	of	an	ovoid	spore,	in	the	ratio	of	a	cap	to	its	stipe,	in	the	curve	of	the
Reishi	conk,	and	in	the	unfurling	of	a	mushroom	cap.	The	habitat	of	these	microbes-the	inanimate	aspect	of	the	soil	web-is	ancient,	being	born	over	eons	by	the	slow	reduction	of	organic	matter	to	small	substances,	collectively	known	as	humus.	Further,	depending	on	the	form	that	it	comes	in,	a	given	element	may	or	may	not	be	easy	for	plants,
animals,	or	microbes	to	assimilate.	Though	it	is	not	known	for	certain	that	these	bees	obtain	a	medicinal	or	protective	benefit	from	the	fungus,	it	is	quite	plausible.	As	such,	some	vineyards	intentionally	inoculate	grapes	with	this	fungal	"problem:'	Entomopathogenic	Fungi	A	variety	of	fungi	in	the	Ascomycota	and	Zygomycota	(order	Entomophthorales)
infect	the	bodies	of	living	insects.	Common	meeting	roles	include:	ACTIVE	TRANSPORTER	(A.K.A.	AT,	FACILITATOR,	ANCHOR,	BOTTOM	LINER)	The	AT	maintains	order	in	the	meeting	and	generally	takes	on	the	most	work.	After	you	do,	your	turn	is	over.	This	genus	is	well-known	for	its	potential	as	both	a	pesticide	and	endophytic	inoculum.
Coprinus	cinereus	can	be	recognizable	in	its	basic	form	when	it	is	only	800	µm	tall,	or	a	mere	1%	of	its	mature	size.	From	this	weft	of	mycelium,	hyphae	penetrate	the	walls	of	the	root's	cortical	cells	to	form	intracellular	coils	that	densely	pack	into	root	cells.	This	relationship,	known	as	a	mycorrhizal	symbiosis,	is	mutually	beneficial	to	both	partners,
with	the	glomeromycotan	fungi	being	completely	dependent	on	the	plant	for	its	survival.	Though	epiphytes	may	live	only	millimeters	away	from	the	endophytes	inside	of	the	plant,	the	two	fungal	communities	may	be	distinct.	At	least	85%	of	all	plant	species	across	phyla	(including	two-thirds	of	all	land	plants	and	90%	of	all	vascular	plants).	From
meristem	to	meristem,	the	fungi	and	other	microbes	travel	with	plant	roots	as	they	survey	and	respond	to	the	soil	web.	Mushrooms	that	only	contain	generative	hyphae	are	called	monomitic.	47	To	help	slow	the	arrival	of	this	disaster	scenario,	rock	phosphates	and	compost	can	be	applied	to	plant	root	systems	in	concert	with	AM	fungi	and	phosphorus-
solubilizing	bacteria	(e.g.	Bacillus	circulans	and	Cladosporium	herbarum).	3,000	species)	excavate	tunnels	(or	"galleries")	inside	of	dead	wood,	where	they	cultivate	fungal	gardens	of	yeasts	and	wood-decaying	mycelium	as	their	sole	food	source.	96	Among	the	limited	studies	available,	one	report	from	2013	demonstrated	that	the	population	and
diversity	of	human	gut	fungi	can	vary	widely,	often	in	relation	to	diet.	This	is	often	as	a	simple	soluble	salt,	which	mycorrhizal	fungi	translocate	to	their	plant	partners	through	a	CMN.	Time	is	different	for	fungi:	years	and	decades	fly	by	as	we	stay	focused	on	a	task,	then	a	single	moment	will	catch	us	in	sudden	complete	awareness.	Based	on	the
material	I	have	read	on	the	topic,	there	is	no	clear	explanation	of	what	the	first	plant	cell	was	or	how	it	developed.	However	this	line	may	blur	in	several	instances,	as	during	the	period	in	which	horizontally	transmitted	endophytes	exist	epiphytically	before	entering	plant	tissues,	and	when	internal	plant	tissues	become	exposed	to	the	environment.
With	such	an	exponential	growth	in	our	ability	to	work	with	fungi,	it	is	impossible	to	imagine	where	this	field	is	heading.	52	This	is	striking,	for,	if	you	take	a	moment	to	think	about	the	work	that	the	Spitzenki:irper	is	doing	here,	this	situation	presents	a	paradox:	as	water	and	nutrients	stream	into	hyphae	and	build	an	incredibly	high	pressure	in	the
mycelium,	the	Spitzenki:irper	is	simultaneously	breaking	down	and	rebuilding	the	hyphal	tip.	But	visible	light	from	artificial	lights	or	celestial	bodies	can	also	charge	the	water.	There's	plenty	of	crap	for	the	both	of	us!"	"No,	No:'	says	the	other	mushroom.	8	The	vast	array	of	Chytrids,	Ascomycota,	and	Basidiomycota	found	in	deep-sea	hydrothermal
vents	even	suggests	that	the	major	fungal	phyla	diversified	long	ago	in	the	oceans	and	not	on	land	as	is	commonly	assumed.	Before	You	Play	Stack	all	the	components	off	to	the	side,	perhaps	on	another	table,	so	they	won't	distract	the	players.	They	are	found	in	the	flowers,	fruits,	wood,	and	bark	of	these	plants	and	are	spread	by	sexual	or	asexual
spores.	Neotyphodium	tembladerae	infects	several	species	of	South	American	grasses,	making	them	toxic	to	mammals.	Hyphae	grow	through	the	root's	cell	layers,	with	the	proliferation	of	intercellular	hyphae	being	controlled	by	the	plant.	Underground	and	subcultural,	soil	communities	build	the	world	we	stand	upon	and	sustain	the	life	that	fills	all
biomes.	However,	when	the	body's	microbial	populations	become	unbalanced	due	to	antibiotic	consumption	or	dietary	factors,	this	fungus	can	overwhelm	the	rest	of	the	body's	microbial	flora,	convert	to	a	filamentous	form,	and	cause	damage	to	the	host's	body.	These	endophytes	are	restricted	to	plant	roots	where	they	form	extensive	networks
ofhyphae	containing	distinct,	darkly	melanized	septae.	Mainly	associated	with	trees	in	the	genera	Pinus	(pine),	Picea	(spruce),	and	Larix	(larch).	The	oxalic	acids	produced	by	fungi	to	dissolve	rock	can	also	combine	with	calcium	to	form	tetragonal,	bipyramidal,	platelike,	rhombohedral,	or	needle-shaped	calcium	oxalate	crystals.	In	cross-section,	their
fossils	have	concentrically	arranged	sections	that	are	so	similar	to	tree	rings	that	specimens	were	originally	thought	to	be	small	coniferous	trees.	Fungi-Ecology.	Just	make	up	something	quite	different	and	respect	their	veto.	Spirals	form	the	backbone	of	medicinal	glucan	sugars	in	the	cell	wall	of	fungi.	In	this	fourth	phase,	a	range	of	unique	physical
properties	can	be	detected	that	not	only	help	explain	many	of	the	strange	properties	of	water,	but	also	lend	credence	to	many	traditional	perspectives	on	this	substance.	The	Adapting	to	Break	Down	Compounds	chart	lets	us	see	how	far	we've	come	towards	our	goal	of	consuming	the	pollutants	and	restoring	the	health	of	the	environment.	The	fungi
carry	life	across	this	dark	abyss	of	death	and	expose	each	form	of	energy	to	another	undulation	in	the	endless	waves	of	Nature.	Don't	stop	on	a	space	with	a	spore	already	on	it-move	past	it	to	the	next	available	space.	Lichen/and,	NACSE	Tom	Vo/k's	Fungi	.	Many	species	have	white	mycelium,	though	others	may	be	lilac,	red,	or	yellow.	Depending	on
the	age,	health,	and	climate	of	their	habitat,	these	spores	may	be	produced	in	low	or	abundant	numbers.	From	these	structures,	the	fungus	emits	a	sugary	solution	that	smells	like	nectar	and	has	a	similar	visible	and	ultraviolet	light	output	as	that	of	the	flowers	it	replaces.	Mycorrhizal	fungi	are	the	keepers	of	the	wild	and	the	protectors	of	our	biomes.
The	deadly	spores	of	Blastomyces	dermatitidis.	We	see	dualism	throughout	the	fungi.	All	plants	in	the	Monotropaceae	are	primarily	red,	white,	or	some	other	non-green	color	due	to	the	fact	that	they	do	not	photosynthesize.	As	with	getting	to	know	any	new	friend,	remembering	the	names	and	relationships	of	fungi	can	take	some	time.	Throughout
Nature	a	common	pattern	is	symmetry,	that	ubiquitous	yet	elegant	balance	of	halves	and	subtle	harmony.	Heavy	metals	can	cause	a	range	of	problems	in	the	growth	of	plants,	animals,	and	microbes	and	also	alter	soil	pH,	thereby	reducing	the	availability	of	nitrogen,	phosphorus,	and	potassium.	Cyberliber	.	Countless	questions	come	from	this	singular
phenomenon.	For,	unlike	other	organelles,	this	"organelle-like"	system	does	not	have	a	defined	shape.	84	DSEs	in	general	function	similarly	to	mycorrhizal	fungi,	yet	in	many	mycorrhizal	studies,	DSEs	are	ignored	or	reported	as	contaminants.	And	these	groups	can	then	be	placed	together	under	larger	meta-groups.	C-1	fungi	tend	to	be	transmitted	to
seedlings	by	travelling	inside	of	the	seeds	of	plants,	making	them	intimately	connected	to	whole	plant	lineages.	Such	internal	and	external	fungal	healing	is	found	throughout	the	animal	kingdom.	The	monocropping	of	singular	plant	species	is	an	unnatural	practice	that	is	especially	susceptible	to	blight.	It	is	also	like	the	grain	in	bamboo.	The	fungi	may
also	modify	the	structure	of	rhizobial	bacteria	along	the	root	system	and	distribute	the	nitrogen	they	fix	to	non-rhizobia-forming	plants	across	the	ecosystem.	If	a	protective	plant	cover	is	removed	from	such	deprived	environments	(e.g.	by	clear	cutting	trees	or	planting	monocrops	of	low	vegetation),	the	moist	soil	that	was	once	shaded	will	quickly	dry
and	die	in	the	sun	until	it	erodes	or	blows	away.	The	first	silly	mushroom	looks	at	the	second	and	says,	"Hey!	This	is	my	pile	of	crap!"	The	second	one	says,	"What?	THE	MYSTERY	OF	MYCELIATION	The	exact	mechanism	behind	this	tip	building	process	is	one	of	the	most	inexplicable	aspects	of	mycelial	growth.	In	effect,	local	mushroom	cultivation
systems	reduce	dependence	on	imports	and	the	normally	high	cost	of	mushrooms,	while	also	producing	wealth,	diversity,	means	for	exchange,	and	the	preservation	of	memory.	32	RADICAL	MYCOLOGY	ARBUTOID	ENDOMYCORRHIZAS	MANY	GENERA	IN	THE	BASIDIOMYCOTA.	For,	if	a	chemical	cause	of	fungal	morphogenesis	cannot	be	supported,
an	energy-influenced	intermycelial	signaling	system	should	be	investigated	for	its	potential	to	form	the	fungal	"language"	that	humans	have	yet	to	decipher.	Soft	Rot	Fungi	Soft	rot	fungi	are	often	found	in	damp	areas	and	bioregions	where	they	decay	fence	posts,	window	frames,	and	marine	wood.	580	RADICAL	MYCOLOGY	There	are	five	types	of
spores:	four	are	fast-moving	and	unique,	and	one	is	slow-moving	and	plentiful.	Whether	mycorrhizal,	parasitic,	or	saprotrophic,	a	typical	life	cycle	for	these	fungi	is	as	follows:	A	Trichoderma	conidiophore.	We	see	ourselves	as	stewards	of	the	forest,	its	creatures,	and	the	land	itself.	THE	CROSSOVER	With	a	staggeringly	wide	range	of	mating	habits,
fungi	are	by	far	the	most	sexually	diverse	of	all	organisms.	Curiously,	the	plant	often	does	not	seem	harmed	by	this	and	continues	to	grow	unimpeded.	With	little	time	to	interpret	and	integrate	this	data-let	alone	develop	a	rigorous	interdisciplinary	review-the	average	person	becomes	more	inclined	to	leave	its	analysis	to	the	experts.	-GOETHE	In
nature,	a	whole	encloses	the	parts,	and	yet	a	larger	whole	encloses	the	whole	enclosing	the	parts.	But,	more	critically,	the	soil	is	the	central	axis	in	these	nutrient	cycles.	Cations(+)	carrying	a	positive	electrical	charge,	and	anions	(-)	having	a	negative	potential	are	constituents	of	acids,	bases,	and	salts,	which	become	active	as	electrolytes	(or
conductors	of	electricity)	in	aqueous	solutions.	To	create	genetic	variation	in	each	spore,	these	alleles	get	shuffled	around	during	the	meiosis	that	occurs	in	the	basidia	just	before	spore	development.	If	you	exhaust	either	deck,	shuffle	your	discards	and	that	becomes	the	new	deck.	By	presenting	the	world	as	a	collage	of	fragmented	subjects,	the
connections	between	ideas,	humans,	and	the	environment	become	increasingly	difficult	to	perceive.	Ripping	20%	of	Earth's	mass	into	orbit,	this	powerful	collision	gave	rise	to	two	small	moons	that,	eons	later,	fused	to	become	the	current	Moon-a	silver	orb	born	in	a	dikaroytization	of	the	night	sky.	Both	of	the	primary	structural	constituents	in	these
cell	walls	(chitin	and	cellulose,	respectively)	are	comprised	of	modified	glucose	sugars	joined	by	covalent	P-1,4	linkages.	culturesforhealth.	As	builders	of	soil	webs,	fungi	design	whole	ecosystems	and	guide	the	composition	of	a	land's	inhabitants.	Marine	fungi	are	associated	with	an	increase	in	available	nutrients	following	pollution	and	plankton
blooms,	relationships	that	imply	these	fungi	are	critical	in	nutrient	cycling	and	increasing	the	resilience	of	oceans.	100	Just	as	we	have	evolved	to	depend	on	other	organisms	for	nourishment,	so	have	plants,	animals,	fungi,	and	the	wild	at	large	developed	the	need	for	humans	to	support	their	habitats	and	dynamics.	This	knowledge	gap	in	the	natural
sciences	has	not	only	led	to	vast	flaws	in	ecological	models,	it	has	enabled	the	development	of	detrimental	and	short-sighted	plans	for	the	extraction	of	natural	resources,	the	production	of	food,	and	the	protection	of	wild	spaces.	PARTICIPATION	EXPECTATIONS	Here	are	four	quick	tips	which	will	help	us	get	the	most	out	of	our	game	of	Salv	Age:	Say
What's	Obvious	There	are	only	two	triangular	pieces.	If	the	entirety	of	Earth's	history	was	compressed	to	a	24-hour	day	and	today	was	midnight	on	that	clock,	fungi	may	have	evolved	as	long	as	18	hours	and	40	minutes	ago.	Death	Cap	for	Cutie.	These	include	herbivorous	reptiles	and	various	ruminant	and	non-ruminant	mammals	such	as	sheep,	goats,
deer,	giraffes,	llamas,	antelope,	elephants,	horses,	and	likely	many	large	herbivores.	Thus,	as	the	cow	ages	and	become	less	dependent	on	milk,	it	becomes	increasingly	reliant	on	its	internal	Chytrids	to	survive.	As	these	fungi	move	through	the	soil,	this	protein	"gloms"	soil	particles	together.	Many	squirrels	eat	truffles	and	mushrooms,	such	as	boletes
and	Laccaria	species.	Most	theories	on	apical	extension	assume	that	the	tip	is	dissolved	and	rebuilt	by	compounds	in	the	dozens	of	small	bubbles,	or	vesicles,	that	cluster	at	the	hyphal	apex.	But,	when	the	study	was	concluded	and	the	data	was	assessed,	it	was	clear	that	each	generation	had	produced	significant	changes	in	the	appearance	and	actions
of	the	fungus.	Solar	(diurnal)	cycles	and	lunar	eclipses	also	affect	the	size	of	EZs,	suggesting	sunlight	and!	or	moonlight	exert	a	strong	influence	on	water.	EZs	often	increase	in	size	in	the	direction	of	a	light	source.	Though	commonly	presented	to	be	isolated,	sterile	individuals,	all	plants	and	animals	are	more	like	unique	ecosystems	filled	with
complex	communities	of	fungi,	bacteria,	and	other	organisms.	MYCORRHIZOREMEDIATION	Along	with	the	elements	discussed	thus	far,	mycorrhizal	fungi	are	known	to	significantly	reduce	the	negative	impacts	of	toxic	heavy	metals	such	as	mercury,	arsenic,	and	cesium	on	an	environment.	The	plant's	movement	of	storage	sugars	to	its	roots	in	the
late	summer	and	fall	may	be	what	trigger	ECM	mushroom	formation.	With	their	production	of	strong	organic	acids,	fungi	serve	as	the	primary	biological	agents	responsible	for	releasing	nutrients	from	rocks	into	soil	webs.	The	main	source	of	energy	for	the	EZ	is	radiant	energy	from	the	environment.	Species	across	phyla	may	reproduce	sexually	(i.e.
by	sharing	and	recombining	genetic	information	with	genetically	compatible	"mates"),	and/or	parasexually	(i.e.	by	fusing	nuclei	that	later	go	through	de-diploidization),	and/or	asexually	(meaning	the	DNA	of	their	offspring	is	identical	to	that	of	the	parent	fungus-the	fungus	essentially	buds	off	a	piece	of	itself	that	can	easily	travel	and	start	regrowing
elsewhere).	-JAMES	LOVELOCK	122	FUNGI	BEING	59	The	global	lack	of	mycological	awareness	is	typified	by	UNESC0'.5	ranking	of	fungi	only	as	mushrooms	under	"botany"	and	yeasts	under	"microbiology."	60	As	these	animals	dig	for	fruit	bodies,	they	break	up	the	soil	surface	and	create	furrows	that	enable	water	to	infiltrate	and	hydrate	the
ground,	enabling	more	truffles	to	form.	Such	variety	in	habitats	would	have	produced	a	range	of	proto-lichen	forms	and,	in	effect,	multiple	independent	lineages	of	lichenization.	Though	one	might	assume	that	water	is	well	understood	by	scientists,	many	of	the	chemical's	unique	physical	properties	have	historically	been	left	as	unexplainable.	A	third
round	followed	and	replicates	were	made	for	each	cycle.	And	when	these	plants	die,	they	are	churned	back	into	the	soil	matrix	by	decomposing	fungi	where	their	nutrients	eventually	pass	on	to	other	organisms.	Whereas	humans	have	been	cultivating	plants	and	tending	animals	for	at	least	10-12,000	years,	mushroom	cultivation	only	began	around
2,000	years	ago	in	China.	It	is	hydrophobic,	insoluble,	and,	being	very	resistant	to	decomposition,	can	persist	in	the	soil	for	at	least	10-50	years.	FUNGI	BEING	55	PoLYPORE	GENERA	Mycophagy	in	the	Animal	Kingdom	As	with	humans,	a	wide	number	of	animals	and	insects	lavishly	consume	truffles,	mushrooms,	mycelium,	and	lichens	for	food	and
medicine.	Deal	with	quick	and	easy	issues	first.	If	the	human's	immune	system	becomes	weakened,	even	years	later,	the	dormant	fungi	inside	of	these	macrophages	can	reanimate,	causing	a	relapse	in	symptoms.	"You	Trichlomopsis!"	"Wanna	take	a	shel.fie?"	WHAT	DID	THE	CRANKY	OLD	TRAMETES	SAY	TO	WHAT	HAPPENS	WHEN	YOU	LEAVE
YOUR	JACKET	YOU	THE	YOUNG	TRAMETES	ON	THE	UPPER	SHELF?	Why	are	we	fighting	over	some	dumb	s##t?	ERICOID	ENDOMYCORRHIZAS	(ERM)	SEVERAL	GENERA	IN	THE	AscOMYCOTA.	Candida	albicans	will	orient	toward	the	cathodes	of	an	electric	field,	and	many	mycelium-forming	fungi	will	orient	their	spore	germination	point	or
hyphal	branching	in	relationship	to	electrical	currents.	This	increase	in	absorptive	surface	area	is	not	the	only	way	that	these	fungi	enhance	nutrient	access.	This	scenario	effectively	turns	endophytes	into	epiphytes.	As	the	hypha	grows,	it	braches,	forming	a	network	of	primary	mycelium	that	is	monokaryotic	(i.e.	it	contains	one	type	of	nucleus).	41
Similar	to	the	exchange	of	carbon	for	other	nutrients	in	a	mycorrhizal	structure,	rhizobia	depend	on	their	plant	partner	for	their	oxygen	supply,	which	the	plant	provides	via	leghemoglobin,	a	substance	that	looks	and	performs	very	similarly	to	red	blood	cells.	Arbuscules	take	2-3	days	to	form	and	last	for	around	4-15	days,	after	which	time	they	break
down	and	the	plant	cell	returns	to	normal.	When	the	fungus	registers	these	compounds	or	other	tropic	signals,	the	Spitzenkorper	will	shift	its	position	in	the	hyphal	tip	and	initiate	growth	in	a	new	direction	that	is	oriented	toward	the	signal.	Thus,	it	was	likely	in	the	womb	of	early	lichens	that	Ascomycetes,	the	largest	fungal	phyla	and	one	of	the	most
diverse	and	ubiquitous	phyla	of	all	eukaryotes,	initially	flourished.	Such	a	hypothesis	has	been	proposed	for	Psilocybe	cyanescens,	a	psychoactive	mushroom	that	is	rarely	found	in	the	wild	but	primarily	in	piles	of	alder	woodchips.	How	this	tropic	sensing	occurs	and	what	exactly	elicits	the	growth	responses	in	the	mycelium	is	not	known.	The	zone
grows	with	time	and	then	remains	relatively	stable	after	about	five	minutes.	15	Looking	at	the	cell	wall	of	fungi	and	plants,	one	finds	many	strong	similarities	that	also	supports	the	notion	of	a	common	origin.	Generally	asymptomatic	until	the	host	plant's	fruiting	season,	these	fungi	replace	some	of	the	plant's	fruits	with	diploid	teliospores.	botany.
They	are	single-celled	and	most	have	a	unique	tail,	or	flagella,	which	enables	them	to	move	through	their	aquatic	environments.	The	spore	is	the	beginning	and	the	end	offungal	evolution.	Whereas	plant	growth	and	the	concept	of	"germs"	and	bacteria	are	taught	to	children	at	a	young	age,	mycology	is	essentially	absent	from	grades	K-12	and	above.
Unable	to	access	distant	or	non-soluble	nutrients,	many	plants	(e.g.	grapes,	citrus,	melons,	oaks,	and	pines)	fail	to	survive	without	a	mycorrhizal	partner.	By	demineralizing	rocks	and	digesting	the	tissue	of	their	deceased	brethren,	these	proto-lichens	and	ancient	fungi	slowly	penetrated	the	interior	of	the	vast	lithosphere	and	created	the	first	soils	of
Earth.	The	art	of	cultivation	is	a	reminder	of	this	constant	ebb	and	flow	of	existence.	Hand	Signals	To	increase	the	efficacy	of	a	meeting,	several	silent	hand	signals	have	been	developed	that	keep	interruptions	to	a	minimum:	•	Another	concern	with	the	consensus	process	is	the	abuse	of	the	blocking	process.	Specifically,	it	is	a	Monascus	species	with
close	genetic	resemblance	to	M.	However,	considering	the	incredible	complexity	involved	in	the	production	of	one	functional	OF	THE	HYPHOSPHERE	61	FUNGAL	ANO	UCHEN	SPECIES	KNOWN	TO	SURVIVE	THE	CONOfflONS	OF	OUT·	ER	SPACE.	c	c	:;::	Jil	-·	0..	As	novel	life	forms	arose	eons	ago,	the	fungi	found	new	habitats	to	dwell	within	and
support.	They	are	the	knowledge	keepers	of	the	soil	and	the	designers	of	the	wild.	In	the	Malheur	National	Forest	in	eastern	Oregon,	an	ancient	mycelial	network	of	Armillaria	solidipes	covers	roughly	3.4	square	miles	(8.4	km	2	),	or	about	three	times	the	size	of	Central	Park	in	New	York	City.	Many	mycological	journals	require	a	deposition	of
taxonomic	information	in	MycoBank	prior	to	publication.	At	40-800	µm	in	diameter,	these	spores	are	2-40	times	larger	than	the	typical	fungal	spore's	5-20	µm	girth.	Inside	the	basidia,	the	two	nuclei	of	the	dikaryotic	mycelium	fuse	together	for	the	first	time	and	quickly	undergo	meiosis	and	mitosis,	producing	several	new	nuclei.	Thankfully,	however,
fungi	cannot	fully	digest	lignin	or	use	it	as	a	sole	carbon	source.	As	the	primary	decomposing	and	mycorrhizal	fungi	in	their	environment,	these	species	are	the	master	artisans	of	nutrient	flow	in	these	harsh	habitats.	Frank,	who	first	described	the	relationship.	And	as	these	clusters	build	in	number,	porosity	and	structure	are	created	in	the	soil	matrix.
The	hymenium	typically	forms	on	the	surface	of	gills,	teeth,	or	on	the	inside	of	small	tubes.	Many	plant	crops	are	improved	by	AM	inoculation,	with	the	growth	rates	of	maize,	wheat,	barley,	and	onions	increased	by	two,	three,	four,	and	•	six	times,	respectively.	64	Since	the	first	endophytes	were	described	in	1904,65	the	research	that	has	accumulated
over	the	last	century	now	suggests	that	most	plants	in	natural	ecosystems,	if	not	all,	are	symbiotic	with	at	least	one,	if	not	hundreds	of	thousands,	of	endophytic	and/or	mycorrhizal	fungi.	IN	A	LIGHT	BULB?	10	In	other	words,	the	Fungal	Queendom	is	the	grandmother	of	all	plants	and	animals	on	Earth	today.	Downy	mildews	rob	nutrients	from	plant
cells,	especially	vine	plants.	Many	European	countries	have	their	own	mycological	society	that	can	be	found	online.	Basidios	include	the	majority	of	edible,	medicinal,	cultivated,	wild	harvested,	and	remediative	mushrooms.	MUSHROOMS	AND	MAMMALS	Along	with	being	supported	and	nourished	by	internal	fungi,	many	mammals	also	eat	macro
fungi	in	abundance	as	sources	of	food	and	medicine.	APPENDIX	0:	SALVAGE	579	MAP	and	POLLUTION	The	paper	taped	into	the	middle	is	now	our	blank	map,	where	we'll	gradually	draw	details	as	we	discover	them,	keeping	to	a	very	loose	sense	of	scale.	Different	fungi	eat	different	things.	Surrounded	in	a	womb-like	bubble	of	cytoplasm,	these
hyphae	quickly	expand	into	densely	packed,	coiled	masses	called	pelotons.	WHY	DID	THE	AscOMYCETE	REFRAIN	FROM	SEX	FOR	PART	OF	ITS	LIFE?	I	thank	Mara	Penfil	for	her	exceptional	help	in	editing	and	designing	this	book	and	for	being	such	a	wonderful	friend.	In	the	Queendom,	the	circle	appears	as	the	secret	door	of	fairy	rings	formed	by
round-capped	mushrooms	at	the	edge	of	an	ever-expanding	disk	of	mycelium.	They	are	the	time	travelers	and	shapeshifters	of	the	world	who	have	carried	the	history	of	the	Earth	in	their	DNA	through	all	the	great	extinctions	of	the	past.	The	Sheets	/	Board	You'll	need	to	print	out	a	copy	of	the	play	sheet	for	each	player,	and	cut	out	the	blank	section	at
the	top	of	each	sheet.	Travelling	to	the	plant's	roots,	this	sugar	converts	to	fungal	trehalose	and	mannitol	as	it	passes	through	mycorrhizae	and	rushes	across	the	mycelial	network	to	the	hyphal	tip,	building	connections	with	other	plants.	Remarkably,	this	intentional	spreading	of	the	same	fungal	stock	seems	to	be	the	only	example	of	a	swarming	insect
species	actively	propagating	a	fungus	from	colony	to	colony.	67	In	tropical	rainforests,	various	Marasmius	species	(e.g.	the	Horsehair	Fungus	[Marasmius	crinis-equi])	form	a	network	of	aerial	rhizomorphs	that	span	the	tree	canopy	to	collect	and	digest	falling	leaves.	This	dikaryotic	state	is	unique	to	fungi.	Chapter	6	explains	the	importance	of	fungi	in
foods	and	drinks	as	well	as	how	to	cultivate	fermenting	fungi.	The	following	guidelines	help	create	an	effective	agenda	and	enjoyable	meeting:	Start	with	check-ins.	Plants	in	the	Ericaceae,	including	those	in	the	genera	Erica	(heather),	Calluna	(ling)	and	Vaccinium	(various	productive	berry	plants).	They	are	the	heavy-handed	healers	of	Earth,	strictly
enforcing	a	code	of	optimal	hygiene	and	constant	diversity.	Only	about	two	dozen	are	commonly	cultivated	and	just	seven	mushroom	species	are	grown	on	a	mass	scale,	a	small	reflection	of	our	limited	understanding	of	their	ways	and	offerings.	Sand	dunes	may	only	host	four	spores	per	cubic	centimeter.	2,000	species)	The	majority	of	carbon	in
terrestrial	ecosystems	is	locked	up	in	lignocellulose,	a	matrix	of	woody	material	that	comprises	the	bulk	of	trees	and	shrubs.	Most	are	soil-inhabiting	Ascomycetes	(e.g.	Chaetomium	and	Pleospora	spp.	MycoBank	.	(Bottom)	Hypomyces	chrysospermus	attacking	a	Boletus	species.	They	create	the	hollow	snags	that	provide	refuge	for	mammals,	birds,
and	insects.	Mushrooms,	mold	conidia,	and	the	white	webs	beneath	rocks	and	fallen	logs	all	build	from	the	transformation	of	mycelium.	"I	was	here	first!	This	is	mine!"	The	second	mushroom	then	says,	"Wait	a	minute.	The	oldest	Chytrid	fossils	date	from	the	Devonian	period	(ca.	In	essence,	by	producing	millions	or	billions	of	spores,	sexual	fungi
provide	themselves	with	an	incredibly	resilient	means	for	surviving	in	any	new	environment	or	substrate.	Wettstein	incorporates	and	endosymbiotically	RADICAL	MYCOLOGY	hosts	the	cyanobacteria	Nostoc	punctiforme	inside	of	its	swollen	hyphal	tips.	Put	the	triangular	piece	with	the	Adapt	to	Break	Down	Compounds	symbol	(see	play	sheet)	in	the
compound	is	an	indigestible	puzzle	box	on	the	Adapting	to	Break	Down	Compounds	side	board.	FUNGI	BEING	49	Rusts	(ca.	Of	the	15	million	species	estimated	to	live	on	Earth,	as	many	as	6	million	may	be	a	fungus.	Mycorrhizal	fungi	can	also	change	a	soil's	pH	level,	influence	soil	microbial	communities,	and	alter	root	exudation	patterns,	effects	that
additionally	reduce	the	impacts	of	heavy	metals.	Structurally,	ECM	fungi	form	a	mantle	sheath	of	mycelium	around	the	roots	of	their	plant	partner	that	is	about	5-10	hyphae	deep	(roughly	50-100	µm	thick).	I--	EZ--+---	bulk	w	a	t	e	r	-	-	-	CHAOSFUNGORUM	19	The	EZ	Model	of	Hypha/	Extension	1.	With	the	same	acids	used	to	desorb	minerals	from
rock,	fungi	are	able	to	unlock	inorganic	phosphorus	from	these	insoluble	complexes	and	create	bioavailable	phosphorus	salts	that	plants	can	readily	metabolize.	While	aboveground,	small	mycophagist	animals	become	the	food	of	owls	and	other	predators,	carrying	the	nutrients	they	hold	one	link	higher	on	the	food	chain.	As	with	many	aspects	of	the
soil	web,	most	mycorrhizal	relationships	are	not	one-sided	or	monogamous.	The	most	basic	acts	in	the	secret	life	of	fungi	are	complete	mysteries	to	those	that	try	to	unravel	them,	only	to	find	that	many	will	likely	never	be	fully	understood.	This	must	be	an	intentional	act,	however.	Cleistothecia	are	found	mostly	in	fungi	that	do	not	rely	on	the	wind	for
spore	dispersal,	such	as	the	trufiles	in	the	genus	Tuber.	The	importance	of	nitrogen-fixers	in	plant	and	soil	communities	has	been	well-studied	and	incorporated	into	farming	practices	for	centuries.	In	all	mycorrhizal	structures,	nutrients	are	passed	between	the	two	partners.	In	Basidiomycetes,	there	are	two	genes	that	determine	mating,	each	of	which
are	located	on	separate	chromosomes	at	known	positions:	locus	A	and	locus	B.	These	crystals	are	important	for	ecosystems	and	soil	webs	as	they	act	as	a	calcium	sink	and	also	increase	nutrient	availability	by	lowering	the	soil	pH.	A	study	from	2009	also	found	many	filamentous	fungi	living	as	endophytes	in	deep	sea	hydrothermal	vents,	where	water
pressures	are	extremely	high.	As	the	EZ	also	pushes	away	almost	anything	that	isn't	EZ	water,	Pollack	has	also	shown	that	small	microspheres	will	be	excluded	from	the	walls	of	these	Nafion	tubes	and	pushed	to	its	flowing	center,	much	like	nuclei	flowing	though	mycelial	networks.	For	example,	fungi	are	central	to	the	global	carbon	cycle.	For	these
men,	the	emphasis	was	on	naming	and	sorting	species.	wfcc.	Lichen	Identification	A	Collection	of	Lichen	Keys	.	The	production	of	artificial	phosphorus	fertilizers	is,	in	a	sense,	an	industrial	attempt	to	mimic	this	natural	fungal	function,	albeit	one	with	many	hidden	environmental	and	social	costs.	Due	to	the	severity	of	their	effects,	only	highly
regulated	laboratories	are	permitted	to	study	these	lethal	fungi.	As	each	spore	germinates,	which	nucleus	takes	the	reigns?	For	example,	Agaricus	bisporus	has	two	spores	per	basidium	and	Phallus	impudicus	produces	nine	each.	Chytrids	are	about	the	same	size	and	shape	of	sperm,	though	their	tail	is	about	half	as	long	as	those	of	these	animal
gametes.	p.cm.	Today,	taxonomists	classify	organisms	within	the	eight	increasingly	specific	categories	of	Domain,	Kingdom,	Phylum,	Class,	Order,	Family,	Genus,	and	Species.	Curiously,	these	fungi	do	not	seem	to	produce	spores.	If	enough	time	has	passed,	each	island	may	have	adjusted	its	enzymatic	expressions.	RADICAL	MYCO	LOGY	RADICAL
MYCOLOGY	A	Treatise	On	Seeing	&	Working	With	Fungi	PETER	MCCOY	CHTHAEUS	PRESS	PORTLAND,	OREGON	Copyright©	2016	by	Peter	McCoy	et	al.	The	significant	implications	of	this	theory	on	processes	of	fungal	cultivation,	intraand	inter-species	communication,	and	biostimulation	need	to	be	investigated	by	mycologists	and	cultivators,	both
academically	and	on	the	grassroots	level.	Fusarium	species	can	be	3-10	times	less	abundant	in	the	roots	zones	of	AM-associated	tomato	plants	when	compared	to	non-mycorrhizal	tomato	plants.	mushroomexpert.	RADICAL	MYCOLOGISTS	WITHOUT	BORDERS	Though	the	information	in	this	book	can	be	applied	in	a	variety	of	ways,	one	of	the	most
historically	inaccessible	skills	presented	is	the	means	to	cultivate	fungi	year-round	on	nearly	any	urban	or	agricultural	waste.	They	are	globally	distributed,	soil-dwelling,	mycelium-forming,	non-mushroom-forming	species	of	Arctic,	temperate,	and	tropical	regions.	Perhaps	this	is	why	cultivating	fungi	is	so	fascinating.	versicolor	Chaetomium	globosum
Penicillium	roqueforti	Sordaria	fimicola	Trichoderma	koningii	T.	Likewise,	most	fungi	perform	roles	that	are	multi-faceted	or	dramatically	altered	in	response	to	external	systems,	a	fact	that	sharply	contrasts	with	their	textbook	segregation	FUNGI	BEING	27	into	artificially	discrete	niches.	Chapter	4	addresses	how	to	identify	macro	and	micro	fungi	for
personal	benefit	as	well	as	to	support	conservation	efforts.	Don't	be	such	a	spore	loser!	How	CAN	YOU	TELL	WHEN	YOU'RE	TURNING	INTO	WHY	DID	THE	MUSHROOM	GO	TO	THE	PARTY?	3:	PIONEERING	"GOODIE	GOBBLERS,,	Once	a	tree	dies	(whether	due	to	heart	rot,	root	rot,	animal	predation,	or	disease),	various	fast-growing	and	short-lived
fungi	(e.g.	Mucor	and	Rhizopus	species)	and	bacteria	will	appear	to	consume	the	easily	obtainable	surface	sugars	and	proteins.	Recomposing	Life:	Saprotrophic	Fungi	Across	all	marine	and	terrestrial	habitats,	fungi	are	found	performing	90%	of	all	decomposition	on	Earth.	Photograph	and	document	the	project.	The	pattern	is	clear:	where	natural
diversity	lacks,	vocal	fungi	prevail.	Some	2	billion	years	ago,	fungi	were	the	first	major	organisms	to	flourish	on	land.	Pansporia,	Prototaxites,	and	Paleomycology	Soon	after	Earth	condensed	from	a	cloud	of	space	dust	4.5	billion	years	ago	(bya),	it	was	struck	by	Theia,	a	protoplanet	approximately	the	size	of	Mars.	At	the	same	time,	so	the	argument
goes,	cyclosis	is	produced	either	by	microtubules	and	microfilament	in	the	mycelium	contracting	or	by	electrophoretic	movement	(i.e.	the	cytoplasm	follows	an	electrical	current	in	the	mycelium).	70	However,	the	degree	of	benefit	provided	by	the	fungus	appears	to	depend	on	the	plant	species	and	genotype	as	well	as	environmental	conditions.
Mycopedia:	Encyclopedia	of	Fungal	Genomics	and	Physiology	An	encyclopedia	of	fungal	genomics	and	physiology.	I	thank	the	countless	anonymous	researchers	and	administrators	of	Mycotopia	and	Shroomery	for	their	significant	contributions	to	the	advancement	of	DIY	mycology.	2.	120	This	sun	drying	effectively	increases	the	amount	of	vitamin	D	in
the	mushrooms,	providing	the	animals	with	an	important	vitamin	source	for	the	winter	months	and	year-round	for	nocturnal	species.	And	so	on.	We	begin	where	everything	begins,	with	a	spore.	And	yet	mushroom	growers	who	don't	realize	their	importance	come	to	despise	these	species	for	their	unwanted	growth	on	mushroom	mycelium	in	the	lab.
Some	will	even	extend	their	dependency	on	their	mycorrhizal	partner	by	spending	several	years	underground	before	producing	aerial	(and	photosynthetic)	flowering	stems.	41	The	spores	of	Glomus	species	in	the	Glomeromycota	produce	a	circulating	electrical	current	prior	to	germination	and	germinate	at	the	zone	of	outward	current.	These
relationships	likely	change	throughout	the	orchid's	life,	such	as	when	the	orchid	matures	and	begins	to	produce	chlorophyll.	AMANITA,	BOLETUS,	CoRTINARIUS,	LECINUM,	PISOLITHUS,	RHIZOPOGON,	AND	SurLLus)	AND	ONE-THIRD	ARE	IN	THE	AscoMYCOTA	(E.G.	TUBER	AND	TERFEZIA).	Non-photosynthesizing	plants,	such	as	the	Ghost	Pipe
(Monotropa	uniflora),	are	dependent	on	mycorrhizal	fungi	for	their	survival.	Like	mycorrhizal	fungi,	rhizobia	are	not	typically	found	free-living	in	the	soil.	We've	got	to	tape	together	all	of	our	sheets	so	that	our	reference	lists	point	directly	at	each	of	us	and	the	game	board	path	forms	a	loop	for	the	game	pieces.	With	these	terms	covered,	Chapter	2
dives	into	the	vast	importance	of	fungal	ecology,	with	an	emphasis	on	their	centrality	in	the	maintenance	of	plant	and	animal	health.	onlinehome.	Without	offering	the	soil	the	chance	to	unveil	its	countless	dynamics,	it	will	only	appear	as	a	dead,	static	mass	of	minerals,	the	way	it	has	to	scientists	for	the	bulk	of	agriculture's	modern	history.	70	As	the
primoridia	swells,	the	mature	fruit	body	breaks	from	the	shell	of	its	childish	impression,	often	in	just	a	few	short	days.	Chytrids	are	primarily	decomposers	of	tiny	pieces	of	organic	debris,	such	as	pollen	or	insect	chitin.	16	Therefore,	it	is	highly	plausible	that	in	the	billion	years	between	the	first	fungal	fossils	and	the	assumed	evolution	of	plants,	an
ancient	fungus	took	in	a	photosynthesizing	partner	and,	over	the	eons,	modified	its	cell	wall	to	the	cellulose-rich	form	characteristic	of	plants	today.	35	Fungi	are	found	on	rock	surfaces	(epilithic	fungi)	and	in	the	cracks,	fissures,	and	pores	of	rocks	(endolithic	species).	Taking	in	thousands	of	vesicles	per	minute,	it	rapidly	sorts,	processes,	and	then
"sprays"	each	vesicle	toward	the	tip	interior	along	thin	filaments	of	the	protein	actin.	The	mycelium	branches	out	in	three	dimensions,	gathering	nutrients	and	water,	while	also	seeking	a	compatible	mycelial	network	produced	by	another	spore.	44	This	electrical	field	is	not	only	at	the	edge	of	the	culture,	but	also	distributed	throughout	the	mycelium,
an	attribute	that	has	been	correlated	with	communication	throughout	mycelial	networks.	T.	As	such,	it	is	meant	to	be	read	from	cover	to	cover.	But	tied	to	symmetry	is	its	dual:	asymmetry.	Such	discrepancies	may	remain	unresolved	for	years,	even	amongst	experts	in	the	same	field.	As	long	as	the	strong	cell	wall	of	the	fungus	is	maintained,	a	high
pressure	can	therefore	be	built	by	this	incoming	flow.	These	endophytes	seem	to	confer	various	benefits	to	their	plant	partner,	including	an	increase	FUNGI	BEING	45	46	RADICAL	MYCOLOGY	in	root,	shoot,	and	biomass	by	up	to	122%85	and	increased	acidity	tolerance.	(Top	two)	Decay	columns	caused	by	a	heart	rot	fungus.	It	is	a	nitrogen-linked
glycoprotein	composed	of	3-5%	nitrogen,	36-59%	carbon,	4-6%	hydrogen,	33-49%	oxygen,	0.03-0.1	%	phosphorus,	and	0.8-8.8%	iron.	The	first	thing	that	we	know	about	this	area	is	that	there	is	some	pollution	right	in	the	center,	something	strange	left	over	from	a	previous	time.	Some	of	these	fungi	are	revered	for	their	medicinal	potency.	Her
hymenium	was	torn.	Perhaps	this	is	part	of	the	reason	why	rhizobia	are	only	found	on	some	plants.	250	species)	MUCOROMYCOTINA	KICKXELLOMYCOTINA	GLOMEROMYCOTA	(169	MORPHOSPECIES	IN	10	GENERA)	ARBUSCULAR	MYCORRHIZAL	FUNGI,	AMF,	OR	AM	The	Glomeromycota	are	among	the	most	ancient	terrestrial	fungi,	with	their
oldest	fossils	dating	to	over	450	million	years	ago.	If	you're	reading	this	and	excited	about	it,	you'll	probably	be	the	one	facilitating	the	game.	Others	stay	bound	to	the	surface	of	the	mycelium	or	to	the	substrate	that	they	touch,	helping	the	fungus	ensure.that	released	nutrients	are	not	eaten	by	other	microbes.	The	EZ	also	acts	like	an	impenetrable
mesh	that	normal	water	cannot	pass	through.	For	some	mushroom	species,	this	line	is	so	blurry	that	closely	related	species	are	simply	lumped	together	under	the	blanket	terms	of"complex"	or	"group"	until	they	can	be	sorted	out.	The	most	ecologically	entwined	examples	of	mycophagy	are	found	in	the	actions	of	habits	mammals,	such	as	squirrels	and
voles.	A	triangular	piece	for	each	of	the	side	boards.	7,000	species	[168	genera]	in	the	Uredinales	of	the	Basidiomycota).	ruber	and	M.	Reductionism	creates	an	unnatural	separation	effect	in	the	mind	in	which	objects	and	topics	that	are	inextricable	from	one	another	in	the	real	world	can	be	intellectually	split	apart.	The	EZ	creates	a	strong	net
negative	charge	in	the	interior	of	the	mycelium.	Along	with	helping	track	the	known	species	on	Earth,	taxonomies	can	also	be	used	to	approximate	the	evolutionary	history	of	a	species.	The	fungi	involved	in	the	arbutoid	symbiosis	are	somewhat	unique	as	they	not	only	form	the	endomycorrhizal	structures	described	above,	but	can	simultaneously	form
very	different	structures	(ectomycorrhizae)	with	plants	outside	of	the	Arbutoideae.	They	push	their	habitats	along	the	trajectory	of	time,	stacking	waves	of	succession	on	top	of-but	never	inside-those	that	came	before.	ElectroMycology	and	the	EZ	Hypha	No	one	really	understands	water.	The	first	eukaryotes	would	therefore	have	only	been	able	to	live
if	they	could	digest	rock,	eat	dead	organisms,	and	survive	in	anaerobic	or	otherwise	harsh	environments.	The	spores	of	dung-inhabiting	(coprophilic)	Pilobolus	species	have	the	greatest	self-dispersal	range.	I	firmly	believe	that	such	a	paradigm	shift	will	be	central	to	creating	a	cascade	of	major	advancements	in	mycological	research,	but	only	if	others
in	the	field	acknowledge	advancements	currently	underway	in	the	physics	of	the	21st	century.	They	are	amongst	the	eldest	ancestors	of	the	terrestrial	Earth	and	the	perpetual	stewards	of	the	world's	ecosystems.	Each	strand	is	where	it	is	meant	to	be.	As	this	science	continues	to	develop	over	the	coming	decades,	mycologists	entering	the	field	must
recognize	that	this	limited	understanding	of	fungi	provides	anyone	with	some	degree	of	training	the	unique	opportunity	to	significantly	add	to	this	growing	knowledge	base.	It	is	the	skin	of	the	world,	tattooed	with	the	legacies	of	its	inhabitants.	25	Endophytic	fungi	seem	to	have	been	found	in	hornwort	fossils	dating	from	the	Phanerozoic	era	(ca.	Along
with	the	variety	of	other	environmental	factors	attributed	to	the	decline	in	pollinator	bee	populations	around	the	world	(i.e.	electromagnetic	radiation,	antibiotics,	loss	of	habitat),	a	decline	in	symbiotic	fungal	populations	is	directly	attributable	to	Colony	Collapse	Disorder	(CCD).	Other	DSEs	associate	with	plants	in	the	Angiospermae	and
Gymnospermae,	including	plants	that	are	non-mycorrhizal,	as	well	as	with	plants	with	known	arbuscular,	ericoid,	orchid,	and	ectomycorrhizal	associations.	Lichens	are	also	highly	capable	of	surviving	desiccation	for	indefinite	periods	of	time,	further	adding	to	their	potential	interstellar	resilience.	Check	out	more	games:	photographs	of	lightning	.com
APPENDIX	0:	SALVAGE	581	-	~	I	I	-·	"'	::l	1-1"	~	i:!.	From	what	is	known,	it	seems	that	fungal	endosymbionts	inhabit	the	guts	of	many	animals,	where	they	help	digest	and	detoxify	food.	When	an	agenda	item	seems	concluded,	asking	for	additional	input	before	moving	on.	Dian	Fossey	documented	that	mountain	gorillas	will	fight	over	Artist's	Conk
mushrooms.	in/index.php	An	organization	for	those	involved	in	mycorrhizal	research.	VIBE	CHECKER	(OPTIONAL)	This	person	pays	attention	to	the	overall	engagement	level	of	the	group.	103	Ripe	Fruit	Lovers	These	opportunistic	fungi	consume	the	sugars	in	fruits,	often	by	entering	wounds	caused	by	insects	or	during	harvest.	The	glomeromycotan
species	Geosiphon	pyriforme	v.	Home	Science	Tools	.	27	As	the	plants	began	to	grip	and	penetrate	the	accumulating	soils,	their	endophytic	associates	descended	to	the	novel	root	zone	and	began	to	form	the	arbuscular	mycorrhizal	association	now	common	amongst	the	Glomeromycota.	At	the	end	of	every	life	a	doorway	opens,	exposing	a	mycelial
bridge	toward	another	birth.	Like	mycorrhizal	fungi,	endophytes	seem	to	be	an	intrinsic	component	of	plant	survival	strategies.	18	Similarly,	the	contemporary	mushroom-shaped	creatures	Dendrogramma	enigmatica	and	D.	In	chitin,	the	monomer	is	N-Acetylglucosamine,	while	in	cellulose	the	base	unit	is	D-glucose	(dextrose).	Excavations	under
animal	remains	often	reveal	dense	mats	of	salvaging	mycorrhizal	root	tips.	Critics	from	Francis	Crick,	one	of	the	discoverers	of	the	structure	of	DNA,	to	the	astronomer	Sir	Fred	Hoyle	have	long	argued	that	the	spontaneous	occurrence	of	life	is	so	far	beyond	statistical	probability	that	it	should	be	considered	highly	implausible,	if	not	impossible.
CHAOSFUNGORUM	23	The	Geometry	of	Fungi	As	with	all	great	teachers,	the	fungi's	most	profound	lessons	are	subtle.	Thin	penetration	tubes	enter	the	cell	wall	and	microsclerotia	develop	as	rounded,	intracellular	clusters	of	thick-walled	hyphae.	Found	in	the	gases	of	nebulae,	in	the	clouds	above	volcanic	eruptions,	and	in	the	development	of	the
uterus	and	phallus,	this	iconic	shape	is	the	Rayleigh-Taylor	Instability.	Ultimately,	there	are	many	facets	of	the	universe	that	humans	cannot	measure,	have	no	conception	of,	and	will	never	understand,	a	fact	that	questions	the	very	notion	that	one	can	truly	come	to	know	anything.	BEES,	FUNGI,	AND	COLONY	COLLAPSE	DISORDER	In	2015,
researchers	discovered	that	a	stingless	Meliponini	bee	species	from	Brazil	(Scaptotrigona	depilis)	intentionally	cultivates	a	fungus	as	a	necessary	food	source	for	its	larvae.	93	This	relationship	dates	back	at	least	420	million	years,	as	evidenced	by	spores	inside	fossilized	bug	scat.	For	though	the	fungi	seem	simple	from	a	distance,	examining	their	finer
details	quickly	exposes	vast	and	subtle	complexities	that	can	be	readily	overlooked	in	haste.	Rather,	they	travel	from	the	GA	on	microtubules	to	an	organelle-like	structure	known	as	the	Spitzenkorper,	where	they	are	sorted	and	distributed	into	the	tip.	Class	3	endophytes	include	many	fungi	in	the	Pezizomycotina	(e.g.	species	in	the	Pezizomycetes,
Leotiomycetes,	Eurotiomycetes,	and	especially	the	endophyte-rich	Sordariomycetes	and	Dothideomycetes)	as	well	as	some	Saccharomycotina.	With	the	shape	of	the	Sun	and	Moon,	the	circle	represents	the	heavens	as	well	as	its	manifestation	on	Earth.	-MASANOBU	FUKUOKA	In	the	evolution	of	Gaia	(the	living	planet),	it	is	now	clear	that	most	of	the
critical	planetary	functions	are	performed	by	microbes	capable	of	surviving	the	greatest	catastrophes.	As	elsewhere,	the	fungi	involved	in	these	dynamics	play	an	integral	role	in	enhancing	the	health	of	the	larger	body	and	in	reflecting	conditions	of	the	external	environment.	5.	While	at	the	same	time,	the	fast	tracking	of	social,	environmental,	and
economic	models	codified	by	science	increases	the	potential	for	flawed	theories	to	slip	through	the	cracks	of	intellectual	filters.	22	Such	results	reflect	the	common	observation	that	the	DNA	of	Glomeromycota	collected	in	the	wild	often	does	not	match	the	sequences	of	known	pot-cultured	species.	Despite	decades	of	research	into	the	matter,	there	has
never	been	an	adequate	explanation	for	the	seemingly	simple	act	of	hyphal	extension.	Cultivation	also	reinvigorates	the	historical	connections	to	food	that	humans	once	commonly	shared	through	foraging	and	tending	crops.	It	is	to	these	hidden	fungi	that	we	are	the	most	deeply	indebted.	Even	amongst	top-level	researchers,	problems	can	be	created
due	to	the	reductionist	method.	Fungi	produce	a	unique	array	of	digestive	enzymes	and	acids	that	are	able	to	unlock	nutrients	that	would	otherwise	be	unavailable	to	plants.	Ophiocordyceps	camponotirufipedis	is	well	appreciated	for	its	ability	to	create	"zombie	ants:'	Once	an	ant	is	infected,	it	will	climb	far	beyond	its	normal	range	to	the	top	of	the
tree	canopy	and	bite	down	on	a	leaf.	Hyphal	growth	is	an	act	of	temporal	and	spatial	extension.	82	Such	dynamics	may	be	common	in	other	genera	of	plants,	though	DSE	diversity	within	individual	plants	has,	in	general,	not	been	sufficiently	evaluated.	Some	of	these	soils	may	have	a	pH	of2.5,	on	par	with	lemon	juice!	In	such	vast	and	rugged
landscapes,	these	mycorrhizae	also	act	as	decomposers	and,	in	effect,	drive	the	ecosystem	by	unlocking	nutrients,	most	of	which	are	derived	from	the	debris	of	their	plant	partners.	The	soil	type	and	nutrient	balance	as	well	as	the	plant's	rooting	behavior	may	also	influence	the	symbiosis.'s	This	is	suggested	by	the	fact	that	when	a	plant	is	in	symbiosis
with	various	AM	fungi,	there	can	be	very	different	carbohydrate-phosphate	exchange	ratios	between	the	various	plant-fungus	combinations.	com	Primary	provider	of	filter	patch	cultivation	bags	in	North	America.	Yet	another	whole	encloses	this	whole	in	a	concentric	series	that	continues	on	to	infinity.	Once	the	partnered	network	becomes	large
enough,	the	two	mycelia	weave	together,	forming	a	fruit	body.	Some	are	rather	picky	eaters	that	have	adapted	to	fill	a	specific	niche,	others	don't	discriminate	and	will	eat	almost	anything	in	their	path.	18	cards,	separated	into	two	decks	of	9	each.	discoides	share	commonalities	to	three	Ediacara	genera,	a	likeness	that	suggests	the	Dendrogramma
species	have	not	changed	their	form	in	nearly	600	million	years.	23	In	general,	orchid	seedlings	associate	with	more	fungal	species	than	mature	orchids.	However,	the	mysterious	nature	of	these	hidden	dynamics	are	only	just	beginning	to	be	unraveled,	with	the	following	being	the	few	relationships	that	are	best	understood.	At	current	extraction	rates,
it	is	predicated	that	the	world's	rock	phosphorus	supplies	will	be	extremely	limited	by	the	2030s.	Primordia	mature	into	fully	formed	mushrooms.	As	the	animal's	spore-laden	dung	is	deposited	across	the	forest,	it	seeds	new	life	when	dung	beetles	carry	it	into	the	ground,	further	inoculating	the	rhizosphere.	In	effect,	the	whole	of	science	moves
forward	slowly,	often	at	the	rate	at	which	one	generation	replaces	the	last	one	and	updates	the	textbooks.	Most	notably,	the	mining	of	inorganic	phosphorus	rock	completely	destroys	habitats	and	pollutes	the	environment.	For	the	culture	at	large,	reductionism	can	justify	actions	that	imply	human	superiority	over	the	rest	of	the	world,	an
anthropocentrism	in	which	exploitation	of	the	environment	can	be	interpreted	as	a	necessary	act.	99	Successional	Enforcers:	Lessons	from	the	Vocal	Fungi	As	plants	and	animals	grow	into	their	latter	years	or	become	struck	with	an	inopportune	assault,	they	may	find	themselves	gradually	or	suddenly	overtaken	by	the	great	fungal	instigators	of
change	and	cleansers	of	disease:	those	that	consume	the	living	tissue	of	other	organisms.	However,	sclerotia	do	not	contain	spores	but	an	inner	medulla	of	woven	hyphae	and	an	outer	rind,	which	may	be	darkly	pigmented	due	to	an	accumulation	of	melanin.	FROM	THE	CENTER	TO	THE	PERIPHERY	For	many	sexual	fungi,	loci	with	differing	alleles
are	required	for	mating	and	the	production	of	offspring	spores.	Days	or	years	later,	the	resulting	mycelial	islands	may	encounter	each	other	and	readily	fuse	together	to	reform	a	cohesive	web.	After	the	oxygen	has	gone	through	respiration	in	the	hypha,	it	is	expelled	as	C0	2	that	is	later	taken	up	by	plant	tissues	above	ground.	14	If	any	fungi	are	said
to	rule	the	world,	it	is	the	secret	society	of	the	arbuscular	mycorrhizae.	As	the	natural	world's	grand	connectors,	mycelial	networks	exemplify	this	universal	principle	of	mutual	aid.	DSEs	seem	to	have	low	geographic	or	host	specificity.	•	Require	two	or	more	people	to	block	for	a	proposal	to	be	put	aside.	Nectrotrophic	fungi	include	the	most	infamous
blights	of	history,	including	white	pine	blister	rust,	chestnut	blight,	sudden	oak	death	(Ramorum	spp.	While	some	of	these	intersections	are	readily	apparent,	many	others	take	time	to	see	clearly.	19	These	early	lichens	likely	formed	in	a	variety	of	environments,	climates,	and	water	types,	each	with	substrates	of	differing	pH	and	stability.	After	the
sheets	are	all	connected,	tape	another	piece	of	paper	across	the	back	of	the	central	hole	to	make	a	big	blank	area	in	the	middle	of	the	sheets.	ECM	fungi	confer	many	benefits	to	their	plant	partners.	Mycoticons	{-----	{Psilocybe	semilanceata)	==@	(Helve/la	compressa)	:(	Mush	Comb	Seller	of	industrial	mushroom	cultivation	equipment.	While	this	may
be	true	to	a	degree,	it	does	not	explain	many	other	strange	phenomena	that	occur	at	the	tip.	Hydrophilic	substances	in	mycelium	include	the	interior	of	the	hyphal	cell	membrane,	the	surface	of	a	nucleus,	and	the	surface	of	apex-building	vesicles.	This	may	be	the	most	inexplicable	question	surrounding	hyphal	growth	as	no	current	models	can
adequately	explain	this	contradiction.	Nature	assembles	and	breaks	down,	dissolves	and	renews,	using	the	same	material	over	and	over,	leaving	no	landfills	and	toxic	dumps	in	her	wake.	NOTE	TAKER	This	person	takes	notes	on	each	agenda	item	addressed	in	the	meeting.	The	mycelial	rings	of	Hirsutella	rhossiliensis	can	trap	a	nematode	in	0.1
seconds.	Whenever	two	hyphae	from	the	same	network	encounter	each	other,	their	respective	Spitzenkorpers	will	gather	along	the	hyphal	tips	and/	or	walls	and	seamlessly	dissolve	and	recombine	the	two	mycelial	paths	into	one,	creating	bridges	•	CHAOSfUNGORUM	15	between	braches	in	the	network.	71	These	various	different	strains	do	not	fuse
their	mycelium	during	this	process,	but	only	intertwine	them.	In	one	study	of	the	vaginal	mycobiome,	16	different	species	of	Candida	were	found	along	with	various	Ascomycota	(Davidiellaceae,	Cladosporium,	Eurotium,	and	Alternaria	spp.),	Basidomycota	(Rhodotorula	spp.),	and	many	unclassified	fungal	species.	lias.	This	is	because	most	plant	roots
have	FUNGI	BEING	29	MYCONS	ENT	RULES!	30	not	evolved	to	perform	the	chemical	transformations	that	release	soil-bound	nutrients.	In	one	study,	Nameko,	Brick	Cap,	and	inoculated	logs	and	sawdust	blocks	ofShiitake	were	shown	to	double	their	yield	when	50-100	kV	were	applied	in	a	single	10	ns	burst.47	In	another	study,	yields	from	Shiitake,
Maitake,	Nameko,	Enoki,	Hypsizygus	marmoreus,	Pearl	Oyster,	King	Oyster,	Pleurotus	abalones,	Agrocybe	cylindracea,	and	the	Cauliflower	Mushroom	were	significantly	increased	by	the	application	of	short	100-170	kV	bursts	to	fruiting	substrates.	Each	orchid	root	cell	can	be	repeatedly	fed	by	peletons,	with	waves	ofhyphal	bundles	continuously
developing	and	dissolving	inside	a	single	orchid	cell.	Provides	an	annotated	collection	of	all	publicly	available	DNA	sequences.	GARDEN	GIANT	'fURKEYTAIL	CANDLE	SNUFF	KOJI	GARDEN	GlOMUS	Eukaryota	Eukaryota	Eukaryota	Eukaryota	Mycetae	Mycetae	Mycetae	Mycetae	Mycetae	Basidiomycota	Basidiomycota	Ascomycota	Ascomycota
Glomeromycota	CLASS	Agaricomycetes	Agaricomycetes	Sordiariomycetes	Eurotiomycetes	Glomeromycetes	ORDER	Agaricales	Polyporales	Xylariales	Eurotiales	Glomerales	FAMILY	Strophariaceae	Polyporaceae	Xylariaceae	Trichocomaceae	Glomeraceae	GENUS	Stropharia	Trametes	Xylaria	Aspergillus	Glomus	SPECIES	rugosoannulata	versicolor
hypoxylon	oryzae	intraradices	.DOMAIN	KINGDOM	PHYLLA	A	good	trick	to	remembering	the	order	of	these	ranks	is	with	the	pneumonic	"Don't	Keep	Pushing	Cream	On	Fungi	Growing	Spores:	Example	taxonomies	of	several	common	fungi.	The	Mycorrhizosphere	Our	exploration	of	fungal	systems	begins	with	a	cross-section	of	soil,	the	hidden
ecology.	By	maintaining	a	general	vibe	of	inclusion	and	support,	the	AT	upholds	the	group's	longevity	by	mitigating	the	potential	for	tensions,	blame,	exclusion,	or	disrespect.	Oxygen,	light,	C0	2	,	and	pH	have	all	been	shown	to	influence	the	direction	of	hyphal	growth,	though	their	degree	of	importance	varies	by	species.	Their	mycelium	wraps	around
and	penetrates	root	tips	to	form	structures	known	as	arbuscules	inside	of	the	root's	cells.	700	mya).	Unlike	most	other	fungi,	spores	of	the	Glomeromycota	are	often	large	enough	to	see	with	the	naked	eye,	though	microscopes	are	needed	for	accurate	identification.	Whereas	most	university	departments	are	under	constant	threat	of	budget	cuts,	the
small	and	scarce	mycology	departments	in	western	universities	face	closure	and	a	subsequent	end	in	the	transmission	of	local	mycological	knowledge.	24	The	simple,	rootless	plants	known	as	hornworts	may	represent	an	intermediate	stage	in	this	transition	as	their	simple,	algal-like	bodies	host	endophytes	that	curiously	form	arbuscule-like	structures.
Because	he	was	a	fungi!	You	get	sterigmata	on	your	hands	and	feet.	Weaving	into	fields	and	forests,	the	Fungal	Queendom	spread	across	time,	holding	onto	ancestral	forms	that	retain	the	same	potency	as	they	did	long	ago.	The	ascogonium	sends	out	a	trichogyne	peg,	or	"fertilization	tube;'	to	bridge	the	two	cells	together,	enabling	the	antheridium	to
pass	nuclei	into	the	ascogonium.	These	structures	are	thought	to	attract	fungus	flies	that	aid	in	the	pollination	of	the	plant;	they	are	one	of	the	few	examples	of	mycomimicry	found	in	non-fungal	species.	•	Describe	what	the	area	appears	like	to	humans.	Some	spores	can	survive	for	an	indeterminate	number	of	years,	a	fact	underlying	theories	of	fungal
origins	on	another	world.	+	+	+	+	+++++++•+	+	+	+	+	+	+	+	++	+	+	+	+	+	+	+	•	(Right)	Mechanism	of	intratubular	flow.	Compared	to	plants	and	animals,	fungal	tissue	does	not	readily	fossilize,	leaving	them	poorly	represented	in	the	fossil	record.	XX	RADICAL	MYCOLOGY	Part	I	EXPRES	SION	Chapter	One	CHAOSFUNGORUM	If	you	would
understand	anything,	observe	its	beginning	and	its	development.	By	creating	greater	access	to	mycology	and,	to	various	degrees,	the	other	sciences	that	mycology	intersects,	this	text	is	intended	to	support	individuals,	families,	communities,	and	social	movements	that	actively	seek	a	higher	quality	of	life	through	prefigurative	politics.	In	one	study	it
was	found	that	up	to	25%	of	the	nitrogen	in	a	Laccaria-associated	tree's	foliage	came	from	these	soil-dwelling	insects.	And,	as	mycologist	Nicolas	Money	presents	in	the	book	The	Triumph	of	the	Fungi,	essentially	all	of	the	major	fungal	blights	of	history	have	human	influence	to	blame.	4:	SECONDARY,	"EASY,,	POLYMER-DEGRADING	FUNGI
Overlapping	with	the	pioneering	organisms,	secondary	decomposers	degrade	moderately	complex	plant	polymers	(e.g.	cellulose,	hemicellulose,	glucans,	and	pectins).	uk/cyberliber	A	free	electronic	library	for	mycological	resources	new	and	old,	hosting	an	array	of	books	and	rare	journals.	When	one	learns	to	see	the	fungi	being,	they	begin	to
experience	and	integrate	an	ecological	perspective	into	all	aspects	oflife.	11	'	Endolithic	fungi	seem	to	be	common	in	the	coral	reef	systems.	As	with	other	elements,	a	plant's	phosphorus	uptake	may	be	entirely	controlled	by	its	mycorrhizal	partner.	The	British	mycologist	David	Moore	sums	up	this	confusing	situation	quite	nicely:	All	organic	activities
and	processes	of	growth	in	any	living	organism,	or	any	metabolic	function	associated	with	sustaining	life	of	any	kind	is	an	electric	phenomenon	and	requires	elements	of	ion	exchange.	These	usually	have	a	large	central	channel	for	conveying	materials	and	information	along	with	a	relatively	thin,	external	"rind"	of	pigmented	mycelium.	CHTHAEUS
PRESS	111	SE	Madison	Ave,	Suite	5	Portland,	OR	97214	Chthaeus.com	DISCLAIMER:	The	publisher	and	author	are	not	responsible	for	any	damages	or	negative	consequences	that	result	from	any	treatment,	action,	application,	or	preparation	following	the	information	in	this	book.	Mycorrhizal	networks	intimately	develop	over	long	periods	of	time,
and	yet	human	deeds	can	destroy	these	delicate	relationships	in	a	misguided	instant.	org	A	worldwide	organization	working	to	enhance	the	study	and	practice	of	medical	and	veterinary	mycology.	Fertilizers	also	tend	to	be	applied	in	excess,	resulting	in	a	significant	loss	of	nutrients	that	wash	past	root	zones.	Whole,	undivided,	sovereign,	it	is	a	world
unto	itself,	a	vessel	of	autonomy	that,	though	seemingly	just	the	same	as	countless	others,	holds	within	itself	the	untold	legacies	of	bygone	ancestors	and	of	fungal	webs	yet	to	come.	With	the	separation	of	charges	between	the	EZ	and	positive	region,	an	electrical	potential	difference	of	up	to	125	m	Vis	built	in	the	water.	+	+	+	+	+	+	+	+"'	++
+++++++++++	/"~	?"::	Near	a	hydrophilic	surface,	water	forms	a	negativelycharged	area,	creating	an	Exclusion	Zone	that	limits	the	entry	of	large	molecules.	A	board	you	have	to	assemble	together	at	the	start	of	the	game	using	1	play	sheet	per	player.	In	other	words,	as	endophytes	fill	the	entirety	of	the	plant	world,	they	watch	over	the	forests,
fields,	and	oceans,	fine-tuning	its	health,	and	directing	the	flow	of	vital	energy	throughout	their	environment,	pushing	the	whole	of	life	forward	in	the	process.	Several	genera	of	"basal"	fungi	are	not	currently	placed	in	any	larger	grouping.	69	Clavicipitaceous	(C-endophytes/C/ass	1!C-1)	Ascomycota	(class	Clavicipitaceae,	order	Hypocreales,
te/emorphic	genera	Epichloe	and	Balansia,	anamorphic	genera	Neotyphodium	and	Ephelis,	respectively).	94	Such	revelations	suggest	that	current	estimates	of	yeast	species	diversity	may	be	significantly	low.	In	plants,	the	water	flows	in	a	bidirectional	vortex	of	spiraling	fluid.	2016900639	The	author	welcomes	information	and	feedback	from	readers.
In	general,	seedlings	that	are	grown	under	sterile	conditions	do	not	contain	culturable	Class	3	endophytes.	-ROBERT	BECKER,	M.D.	"We	are	ignorant	of	the	basic	control	processes	offungal	developmental	biology;	we	are	ignorant	of	the	molecules	and	mechanisms	that	generate	fungal	multicellular	structures."63	The	EZ	Model	of	Hyphal	Extension
may	help	address	this	problem.	Its	tubes	were	tied.	Further,	it	is	also	possible	that	to	some	degree	the	host	plant	allows	itself	to	be	altered	or	killed,	a	self-sacrifice	of	sorts	that	may	ultimately	work	for	the	benefit	of	the	fungus	in	the	short-term,	but	will	enhance	the	plant's	seedlings	and	habitat	in	the	long-term.	Most	downy	mildews	are	considered
hemibiotrophic,	as	they	tend	to	start	out	as	biotrophs	that	eventually	kill	their	plant	host.	121	These	stored	truffles	provide	a	rich	source	of	other	essential	minerals,	amino	acids,	and	vitamins	during	the	winter	months.	When	they	give	us	directions,	we'll	follow	them	before	continuing.	hyphae),	that	is	one	cell	thick.	35	However,	this	is	not	a	random
shower,	as	occurs	with	a	paint	sprayer.	North	American	Mycological	Association	Overarching	organization	for	many	mycological	clubs	and	associations	in	North	America.	Along	the	way,	mycorrhizal	relationships	constantly	climax	and	change	as	fungal	species	outcompete	each	other	for	root	space,	or	the	plant	exchanges	partners	for	unknown
reasons."'	As	the	root	surges	forward,	this	morphing	mycelial	wave	extends	in	tow	at	a	rate	of	0.2-2.5	millimeters	per	day.'•	1	Nutrient	availability	seems	to	be	important	in	determining	which	mycorrhizal	relationships	form,	as	nutrient-deprived	plants	tend	to	establish	mycorrhizae	more	readily	than	fertilized	plants.	Aspergillus	niger	and	Penicillium
expansum	have	been	shown	to	mineralize	olivine,	dunite,	serpentine,	muscovite,	feldspar,	spodumene,	kaolin,	nepheline,	and	basalt,	while	Penicillium	simplicissimum	and	Scopulariopsis	brevicaulis	can	release	aluminum	from	aluminosilicate	clays.	Indeed,	most	spores	do	not	germinate	and	instead	add	to	the	food	web	as	nourishment	for	springtails,
slugs,	or	amoeba.	11	Considering	the	complexity	of	these	structures,	one	must	account	for	the	time	required	for	their	evolution,	suggesting	that	Ascomycete-like	fungi	were	in	existence	as	far	back	as	2	bya,	if	not	earlier.	Mushroom-forming	genera	include	Morchella,	Aleuria,	Peziza,	and	Xylaria.	When	placed	under	novel	conditions,	a	given	fungus	can
adjust	its	defensive	and	digestive	strategies	to	match	the	demands	of	their	new	environment.	This	is	no	small	order.	Fungi	challenge	us	to	look	beneath	the	surface,	live	on	the	edge,	explore	the	unknown,	adapt,	respect	imperfections	and	differences,	and	to	always	look	for	another	way	forward.	If	you'd	like	to	use	your	materials	to	play	more	than	once,
print	on	heavy	card	stock.	Many	are	microscopic,	while	others	form	large	amoeba-	or	fungus-like	structures	.that	can	be	easily	observed	and	identified.	Our	overall	understanding	of	fungal	systematics	is	currently	too	limited	for	any	accurate	evaluation	of	how	the	loss	of	even	one	fungal	species	will	influence	an	ecosystem	in	the	short-	or	long-term.	It
is	for	this	reason	that	the	Radical	Mycology	project	developed	a	decade	ago:	to	create	a	people's	mycological	movement	that	is	not	only	versed	in	the	cultivation	of	fungi	and	the	applications	of	mycology,	but	also	in	how	to	actively	and	significantly	contribute	to	the	advancement	of	the	science	as	a	whole.	Perithecia	are	found	in	many	genera,	including
Xylaria,	Nectria,	as	well	as	in	many	lichen	species.	Through	their	study,	fungal	systems	remind	us	that	the	global	biome	is	a	complex	of	interconnected	and	nested	systems	built	by	animate	and	inanimate	beings	that	all	influence,	and	remain	influenced	by,	the	hyphal	pressures	around	them.	Whether	of	extraterrestrial	or	homegrown	origins,	ancient
fungi	do	appear	to	have	been	present	in	the	earliest	epochs	of	our	planet.	International	Mycorrhiza	Society	.	(Top	right)	An	unidentified	Cordyceps	species	engulfs	an	ant.	Like	all	living	beings,	the	fungi	are	electrical	organisms	that	produce	their	own	D.C.	and	A.C.	currents	that	can	be	altered	by	external	signals.	Pieces	and	Spores	Spores	are
diamond-shaped.	General	Taxonomy	The	Kefir	Shop	(UK)	.	Discovered	off	the	coast	of	Australia	in	1986,	the	Dendrogramma	feed	from	the	base	of	a	stalk	and	channel	nutrients	up	through	a	forked	digestive	canal	that	looks	remarkably	similar	to	gills	under	an	agaric	mushroom	cap.	The	Basidiomycota	include	many	we/1known	mushrooms	that	are
distributed	between	various	orders.	Because	sex	is	a	pain	in	the	ascus.	Only	one	cell	wide,	the	hypha	spans	a	mere	10	µm,	or	1/	100	of	a	millimeter,	as	it	moves	through	its	substrate,	which	is	simultaneously	the	fungus'	habitat	and	source	of	nourishment.	Fungi	form	an	integral	component	to	these	diets,	an	ecological	impact	that	travels	up	the	food
chain	in	countless	directions.	com	Run	by	Michael	Kuo,	this	dense	site	has	beginner's	pages,	tips	on	photography,	identification	techniques,	keys,	and	mushroom	descriptions	with	photographs.	Terfezia	and	Tuber	host	many	of	the	prized	edible	truffles.	SPORE	LIBERATION	The	spore	is	everything	that	the	fungus	represents.	This	book	is	not	meant	to
be	used,	nor	should	it	be	used,	to	diagnose	or	treat	a	medical	condition.	The	composition	of	this	microbiome	in	the	gut	is	often	emphasized	for	its	diversity	of	bacterial	species,	such	as	those	in	the	genera	Lactobacillus	and	Bi.fidobacterium.	In	1807,	the	first	demonstration	of	the	germ	theory	of	disease	was	presented	by	correlating	muscardine	disease
in	silk	worms	to	an	infectious	fungus,	Beauveria	bassiana.	This	is	the	area	that	the	fungi	initially	know	well.	mykoweb.	ASCOMYCOTA	(64,163	SPECIES	IN	6,355	Yeasts	tend	to	reproduce	in	part	by	budding.	To	ancient	Chinese	scholars,	the	netted	and	broken	patterns	found	in	mycelium	and	throughout	Nature	were	known	as	li,	a	form	long	considered
to	contain	the	process	that	shapes	matter	out	of	the	dynamic	Tao.	Once	large	enough,	these	drops	touch	and	rapidly	move	up	the	spore,	shifting	the	spore's	center	of	gravity	and	launching	it	off	the	sterigmata	with	incredible	force.	Ooglemycota.	With	its	ability	to	photosynthesize,	the	plant	reaches	toward	the	sun	and	creates	sugars	that	it	sends	down
to	the	fungus.	Big	love	to	The	Quiet	Year,	Avery	Mcdaldno,	my	wonderful	patrons,	Y	mr,	A*,	Casa	Hueso,	my	blues	crew,	and	Jonny	B.	Decision-Making	The	following	decision-making	process	works	well.	As	distance	increases	from	the	trunk	line,	different	ECM	fungi	can	be	found	occupying	distinct	spacial	zones.	Being	only	about	80	million	years	old,
rhizobia	are	not	nearly	as	widespread	as	mycorrhizae;	they	are	primarily	found	in	association	with	about	13,000	plants,	including	peas,	beans,	alfalfa,	clover,	vetch,	peanuts,	Acacia,	kudzu,	and	red	alder	(A/nus	rubra)	trees.	Roger's	Mushrooms	.	For	to	support	the	growth	of	human	cultures,	fungi	first	had	to	create	the	world	that	humans	eventually
came	to	inhabit.	Many	Cordyceps	species	are	important	for	the	maintenance	of	arthropod	populations.	APPENDIX	M:	FACILITATED	MYCOLOGY	569	RADICAL	MYCOLOGY	Appendix	N	ONLINE	RESOURCES	Fermentation	Culture	Sources	and	Resources	Tempeh.info	.	The	lungs	contain	their	own	array	of	fungal	symbionts,	as	does	the	birth	canal.	48
Fruit	bodies	of	the	ectomycorrhizal	Matsutake	mushroom	(Tricholoma	matsutake)	almost	double	in	number	by	the	application	of	a	50	kV	pulse	to	the	ground	near	trees	associated	with	the	fungus.	Each	of	these	species	exhibit	different	frequencies	in	their	growth,	with	T	vi	ride	and	N.	Further,	rhizobia	in	the	genus	Azospirillum	have	also	been	found	to
be	heavily	dependent	on	the	ectomycorrhizal	truffle	Rhizopogon	vinicolor,	which	grows	at	the	base	of	Douglas-fir	trees.	Fungal	Morphogenesis	From	the	sea	of	mycelia	that	weave	through	an	environment,	fungi	form	a	wide	array	of	complex	structures.	MONOTROPOID	ENDOMYCORRHIZAS	SEVERAL	GENERA	IN	THE	BASIDIOMYCOTA,	NOTABLY
TRICHOLOMA	AND	BOLETUS.	APPENDIX	N:	ONLINE	RESOURCES	575	5	76	RADICAL	MYCOLOGY	AppendixO	SALVAGE	By	Jackson	Tegu	Long	after	the	collapse	of	civilization,	fungi	work	to	heal	the	world.	Make	Your	Own	Fuel	GEM	Cultures	(USA)	.	Two	HYPHAE:	Two	fingers	signal	that	a	member	has	a	direct	response	to	what	is	being	raised	and
wishes	to	jump	to	the	top	of	the	stack	to	increase	the	efficacy	of	the	meeting.	The	slime	molds	Pythium	aphanidermatum	and	Saprolegniaf	erax;	the	Zygomycete	Gilbertella	persicaria;	the	Ascomycetes	Trichoderma	vi	ride,	Neurospora	crassa,	and	Fusarium	culmorum;	and	the	Basidiomycete	Rhizoctonia	solani	have	all	been	shown	to	exhibit	a	periodic
rhythm	between	faster	and	slower	growth	as	their	hyphae	extend.	Many	conks	are	brown	rotters.	The	example	life	cycles	presented	below	for	each	phyla	are	considered	typical,	however	many	variations	exist	within	each	group.	Nematophagous	Fungi	These	specialized	fungi	infect,	trap,	and/or	digest	nematodes	(microscopic	roundworms	that	damage
plant	roots).	•	•	VI	:E	0	0	a:	I	:E	~	u	z	"	0..	org	A	volunteer-based	organization	working	to	advance	the	science	of	mycoremediation	and	mushroom	cultivation	in	Ecuador	and	throughout	South	America.	APPENDIX	N:	ONLINE	RESOURCES	573	Trichoderma	Identification	http:!Int.	Supplies	Fungi	Equipment	http:!Iwww.fungiequipment.com	Seller	of
industrial	mushroom	cultivation	equipment.	3	Like	a	game	of	numbers,	the	perceived	accuracy	of	a	taxonomic	relationship	is	only	discernable	by	its	comparison	to	other	groups.	Despite	such	wide	distribution	patterns	and	likely	high	ecological	importance,	the	role	of	these	fungi	is	essentially	unknown.	This	yeast	is	normally	present	in	the	mouth	and
digestive	tract,	where	it	assists	in	various	bodily	functions,	including	digestion.	Destroying	and	creating	itself	as	it	searches	through	the	world	of	its	creation,	the	hypha	endlessly	unfolds,	just	like	the	blooming	of	a	thousand-petal	lotus.	WHAT	DID	THE	TURKEY	TAIL	SAY	TO	THE	RESIHI?	In	the	future	expansion	of	mycological	awareness,	human
survival	will	increasingly	depend	on	a	willingness	to	honor	the	importance	of	forming	mycoinspired	communities	with	allies	across	all	branches	in	the	Mycelium	of	Life.	The	resultant	flavor	in	these	grapes	is	used	to	create	botrytized	wine,	a	style	highly	regarded	for	its	complex	flavors.	International	Kefir	Community	Yemoos	.	White	rot	fungi	are	found
in	both	the	Ascomycota	(e.g.	Xylaria	spp.)	and	Basidiomycota	(e.g.	Armillaria,	Trametes,	and	Pleurotus	spp.)	and	tend	to	occur	on	hardwood	trees	(angiosperms)	more	commonly	than	on	softwood	trees	(gymnosperms).	72	In	1977,	the	Acremonium	endophytes	in	sleepy	grass	(Achnatherum	robustum	or	Stipa	robusta)	were	found	to	produce	lysergic
acid	amine,	a	precursor	to	the	psychoactive	compound	LSD.	18	CHAOSFUNGORUM	11	The	most	unusual	and	resilient	spores	are	undoubtedly	those	produced	by	the	Glomeromycota,	the	soil	dwelling,	mycorrhizal	fungi	of	ancient	origins.	The	li	in	mycelium	releases	us	from	the	need	to	put	rigid	structures	and	maps	upon	the	world,	and	to	embrace	the
potential	in	exploring	the	many	wondrous	roads	that	lead	toward	an	unknowable	future.	All	land	plants	studied	to	date	contain	these	fungi.7	5	Class	3	endophytes	tend	to	form	highly	localized	mycelium,	allowing	for	a	high	degree	of	Class	3	diversity	in	a	single	plant.	The	Human	Population	and	Happiness	chart	allows	us	to	keep	a	critical	eye	on	the
number	of	humans	in	the	area,	and	how	they're	doing.	It	is	my	opinion	that	this	topic	needs	to	be	investigated	by	researchers.	Preconceived	notions	should	be	set	aside	in	this	process,	at	least	at	first.	Are	more	humans	better?	Class4NC	Ascomycetes	that	are	conidia/	or	sterile	(including	taxa	in	the	orders	Xylaria/es,	Peziza/es,	Elaphomycetales,
Onygena/es,	and	Saccharomycetales).	In	the	fruit	bodies	of	mushrooms,	Ii	is	found	in	the	labyrinth	of	Morel	apothecia,	the	coral	branching	of	Ramaria	species,	and	in	the	tips	of	Xylaria	hypoxylon.	Along	with	various	practical	skills,	the	Radical	Mycology	perspective	presents	means	to	thoroughly	integrate	the	habits	of	fungi	into	one's	way	of	being.	1:
EPIPHYTES	Epiphytic	fungi	harmlessly	live	on	the	exterior	of	living	plants	where	they	may	play	beneficial	roles,	similar	to	endophytic	fungi.	Life	in	its	broadest	sense	is	electrical...	Here,	some	spores	may	be	lifted	into	the	upper	layers	of	the	atmosphere	and	carried	on	air	currents	across	oceans,	just	as	the	coffee	rust	fungus	(Hemileia	vastatrix)	may
have	done	in	its	move	from	Africa	to	South	America.	A	single	Douglas-fir	(Pseudotsuga	menziesii)	tree	may	host	50	mushroom-forming	mycorrhizal	species	at	any	moment9	and	over	200	mycorrhizal	species	during	its	life.	A	Typical	Life	Cycle	of	Glomeromycotan	Fungi	1.	Such	unnatural	human-designed	models	quickly	lose	validity	through	a	study	of
the	ecological	roles	of	fungi.	However,	this	genetic	resilience	does	add	an	evolutionary	advantage	that	may	account	for	the	fact	that	the	Glomeromycota	have	hardly	changed	their	form	over	the	450	million	years	of	their	recorded	existence.	Further,	these	developments	in	home	mycology	have	made	the	science	more	accessible	and	less	dependent	on
expensive	and	centralized	technology	than	ever	before.	Through	these	interactions,	water	acts	as	a	transducer	that	converts	electromagnetic	energy	(light)	into	mechanical	energy	(work).	Commercial	supplier	of	tibicos,	kefir,	and	ginger	beer	plant	cultures.	20	This	remarkable	genetic	collage	is	the	reason	why	Glomeromycotan	fungi	can	only	be
identified	by	their	visible	spore	characteristics	and	hyphal	structures	21	:	such	a	mixed	bag	defies	accurate	DNA	sequencing,	leaving	mycologists	with	no	molecular	species	concept	for	glomeromycotan	fungi.	kefirshop.	As	this	trend	proceeds,	those	uneducated	in	the	sciences	are	left	with	few	resources	to	easily	XVI	RADICAL	MYCOLOGY	validate	a
given	field's	latest	finding	or	to	determine	if	it	is	considerate	of	the	multiple	other	sciences	and	natural	phenomena	it	may	influence	or	be	influenced	by.	David	Moore's	World	Of	Fungi	.	GRY	OLDER	PUFFBALL?	The	components	include:	When	playing	the	game,	you'll	take	turns	making	choices	on	behalf	of	the	fungi,	use	special	fungal	abilities	that
move	around	the	table,	draw	a	map	together,	and	imagine	and	describe	a	lot	of	cool	stuff.	bicolor	digest	the	salmon's	proteins	and	transport	the	resultant	nitrogen	compounds	to	partnered	tree	roots.	APPENDIX	P:	JOKES	587	A	mushroom	walks	into	a	bar.	(Top)	A	Phoma	species	attacking	a	papaya	stem.	It	is	found	in	the	constant	destruction	and
creation	cycles	ofhyphal	expansion,	in	the	role	changes	of	endophytic	fungi	to	parasites,	in	the	Sun	and	Moon	correspondences	of	Amanita	muscaria,	in	the	mating	of	hyphae,	and	in	the	straight	line	of	the	mushroom	stipe	that	projects	into	the	receptive	curve	of	the	fruit	body's	cap.	Fungi	act	as	central	agents	in	all	cycles	of	life,	and	it	is	time	that	they



begin	to	form	a	central	role	in	all	aspects	of	human	life.	But	to	hold	close	to	reductionism,	or	any	belief	system,	automatically	precludes	the	ability	to	consider	opposing	views.	Is	it	quite	likely	that	these	fungi	enter	the	mouths	of	babies	during	birth,	helping	initiate	the	development	of	the	beneficial	mycoflora	in	their	mouths	and	bodies	that	assists	in
their	growth	and	protection.	Conversely,	some	trees	may	form	a	range	of	associations,	such	as	Norway	spruce	(Picea	albies),	which	can	associate	with	100	different	ECM	fungi	at	a	time.	),	though	some	are	Basidiomycota	as	well	(e.g.	Heterobasidion	annosum,	a	butt	rotter).	Upon	hydration,	the	orchid	seed's	coat	will	rupture,	releasing	several	short,
root-like	hairs	out	into	the	environment	in	search	of	a	mycorrhizal	partner.	109876543	Library	of	Congress	Cataloging-in-Publication	Data	McCoy,	Peter,	1985	Radical	mycology	:	a	treatise	on	seeing	and	working	with	fungi	I	Peter	McCoy.	Throughout	this	long	journey,	I	have	been	inspired	by	and	worked	with	countless	artists,	food	justice	advocates,
permaculturalists,	fermenters,	homesteaders,	independent	media	makers,	grassroots	bioremediators,	herbalists,	natural	medicine	practitioners,	musicians,	poets,	ecologists,	Earth	stewards,	and	social	critics.	National	Lichens	and	Air	Quality	Database	Ways	of	Enlichenment	.	I	thank	Emily	Burton,	Jasmine	Cecelic,	Art	Donnelly,	Giuliana	Furci,	Nate
Janega,	James	Jesso,	Sandor	Katz,	Scott	Kellogg,	Nance	Klehm,	Ian	Mae,	Tao	Orion,	Sajah	Popham,	Larry	Schramm,	Fred	Spiegel,	Mitra	Sticklen,	John	Villella,	and	Ceyda	Zazoglu	for	their	various	contributions	to	this	book	whether	through	interview,	editing,	or	solid	feedback.	The	oxalic	acid,	sidewall	components	(e.g.	free	amino,	hydroxyl,	carboxyl,
and	other	groups),	siderophores,	and	metallothionins	that	fungi	produce	can	all	bind	(or	"lock	up")	metals	in	the	soil	by	forming	complexes	that	keep	toxins	from	entering	plant	tissues.	Today,	the	relationship	is	so	intimate	that	some	YLSs,	such	as	those	in	planthoppers,	are	never	found	free-living	but	are	only	transmitted	to	the	insect's	offspring
through	its	ovary.	~	()	~	"'	::r-c	(1)	~'	:q	....,	o	::r-"'	0	(1)	?!D	c;')	~	~	9	~	t::I	z	~	'Cl	>	'Cl	,\II_...	Fungi	have	been	found	on	and	inside	oflimestone,	soapstone,	marble,	granite,	sandstone,	andesite,	basalt,	gneiss,	dolerite,	amphibolite,	and	quartz.	FUNGI	BEING	47	in	mature	cows	it	only	fills	a	mere	10%.	Crater	disease	(Rhizoctonia	solani)	forms	bead-
like	masses	of	hyphae	on	roots	that	stunt	seedling	growth.	MYCOIMMORTALITY	If	provided	with	enough	nutrients	and	a	supportive	environment,	a	mycelial	network	may	continue	to	grow	endlessly.	Whether	or	not	that	happens,	you	then	follow	the	list	for	the	spore	you	chose.	In	order	for	two	hyphae	to	mate,	the	gene	sequence	at	each	of	these	loci
must	be	different.	Some	species	still	retain	this	dual	name	nature,	a	common	point	of	confusion	for	budding	mycologists.	In	the	sciences,	this	enables	humans	to	act	as	though	they	are	separated	from	Nature	by	attempting	to	study	it	from	the	outside.	WAVES	OF	MARINE	fUNGI	The	oceans	cover	70%	of	Earth's	surface,	and	yet	their	fungal
populations	are	scarcely	understood.	The	Basidiornycete	Life	Cycle	OOMYCOTA	The	Oomycota	(ca.	The	fungi	offer	many	lessons	into	the	ways	of	Nature.	Mycelial	networks	can	connect	the	roots	of	dozens	of	plant	species	across	phyla	within	an	ecosystem.	And	with	few	resources	for	learning	about	fungi	beyond	mushroom	identification	readily
available,	many	become	disheartened	to	discover	that,	apart	from	the	information	provided	by	these	societies,	there	is	no	easy	means	for	becoming	a	mycologist-there	is	no	royal	road	to	mycology.	Radical	Mycology	is	thus	a	mycocentric	approach	to	building	the	three	major	pillars	of	social	change:	education	and	awareness	building	around	important
issues;	resisting,	slowing,	and	stopping	ineffective	or	disastrous	social	systems;	and	designing	functional	and	appropriate	alternative	systems	that	increase	quality	oflife.	5:	RECALCITRANT	POLYMER	DEGRADERS	After	the	more	accessible	nutrients	have	been	consumed,	the	more	industrious	fungi	appear	and	degrade	the	persistent	plant	polymers	of
lignin,	lignocellulose,	and	keratin.	One	to	screw	in	the	light	bulb	and	9	to	argue	about	what	kind	of	light	bulb	it	was.	The	human	civilization	is	long	gone,	but	some	humans	are	still	here.	As	further	discussed	in	Chapter	7,	endophytic	fungi	may	also	be	directly	responsible	for	the	production	of	the	medicinal	compounds	in	plants,	a	prospect	with
significant	historical	and	cultural	implications.	hawaii.	Without	risk-taking,	we'll	never	discover	what's	possible.	By	working	with	strangers,	neighbors,	friends,	and	symbiotic	organizations,	Radical	Mycologists	can	use	their	knowledge	to	not	only	increase	food	or	reduce	pollution,	but	they	can	build	new	intersections	in	their	community-new	mycelial
webs-that	string	together	once-distanced	people	across	a	town,	bioregion,	or	planet.	When	this	stewardship	is	not	provided,	imbalances	arise	and	yields	are	reduced.	They	are	the	unspoken	stewards	of	habitats,	constantly	balancing	an	ecosystem's	plant,	animal,	and	microbial	communities	to	assist	in	its	spiraling	succession	through	every	climax
extreme	and	complementary	lull	of	blight.	Several	decades	after	Linnaeus'	foundations	were	laid	in	the	West,	Elias	Fries	(1794-1878)	further	differentiated	the	fungi	by	adding	over	100	genera	to	the	group,	marking	him	as	one	of	the	major	founders	of	modern	mycological	taxonomy.	To	the	Radical	Mycologists,	activists,	culture	jammers,	critical
thinkers,	social	critics,	foodies,	rad	herbies,	DIYers,	street	artists,	travellers,	visionaries,	permies,	punks,	and	poets	I	have	encountered	over	the	last	decade,	I	thank	you	all	for	weaving	into	my	web	of	experience.	As	fungi	evolved	over	the	early	eons,	so	did	plants.	In	one	study,	AM	fungi	were	shown	to	transmit	information	between	tomato	plants
connected	by	a	CMN:	when	some	plants	were	attacked	by	aphids,	other	plants	in	the	CMN	began	producing	endogenous	antipathogenic	compounds.	TO	LEARN	THE	GAME	TOGETHER	Begin	here.	Such	a	degree	of	resiliency,	determination,	and	genetic	mastery	is	not	found	in	any	other	group	of	eukaryotic	organisms.	Discuss	the	issue	and
surrounding	concerns/needs.	As	fungi	and	bacteria	continued	to	build	Earth's	soils,	a	massive	lichen-like	organism	began	to	appear	on	shorelines,	towering	over	the	insects	and	plants	below.	American	Type	Culture	Collection	(ATCCJ	A	reputable	source	of	high	quality	cultures.	When	describing	the	game	to	people	you	think	might	want	to	play	it,	use
the	sections	What	This	Game	Is	About	and	Participation	Expectations.	11	A	unique	and	important	product	of	glomeromycotan	fungi	is	glomalin,	a	sticky	protein	exuded	on	the	surface	of	their	mycelium.	Of	special	note,	I	endlessly	thank	Willoughby	Arevalo	for	his	significant	contributions	to	this	book's	identification	information	and	for	his	priceless
elaborations	on	numerous	concepts	presented	throughout	the	text.	From	an	undifferentiated	mycelial	mass,	a	cluster	of	cells	first	forms.	ACKNOWLEDGEMENTS	IX	TABLE	OF	CONTENTS	Preface	Acknowledgements	Introduction:	Toward	a	Radical	Mycology	vii	ix	xvii	1	Naming	Fungi	The	Fungal	Features	and	Forms	The	Fungal	Phyla	Oomycota	The
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CHAOSFUNGORUM	Part	II:	Connection	1	4	5	10	11	18	21	24	27	28	31	38	41	43	46	48	53	58	59	61	61	66	69	71	75	82	To	Call	a	Mushroom	by	Any	Other	Name	What	About	Poisonous	Mushrooms?	It	is	the	rest	between	heartbeats	in	the	network,	the	silence	between	notes	that	fruiting	bodies	sing,	and	the	moment	before	the	soil	inhales.	7	As	such,	the
various	subphyla	that	it	once	contained	are	placed	together	under	the	"container"	of	the	term	Zygomycota.	Lichenology	A	resource-rich	site	with	a	great	ethnolichenology	section.	28	So	it	seems	that	at	every	leap	in	plant	evolution-from	their	initial	appearance	in	an	early	fungal	cell,	through	their	structural	changes	potentially	influenced	by
endophytes,	to	the	creation	of	soils	and	various	mechanisms	for	accessing	nutrients-fungi	intimately	carved	the	variety	of	forms	that	plants	expressed	throughout	time.	Many	find	it	fun	to	leave	the	two	decks	of	cards	as	surprises	to	encounter	during	play.	There	are	two	marks	on	its	edge.)	If	you're	playing	outside	you	may	want	some	coins	or	rocks	to
tape	the	spores	to	so	they	don't	blow	away.	Many	fungi	defy	the	most	advanced	means	of	measuring	and	describing	the	world.	For	example,	Microsporidia	in	the	genus	Nosema	can	infect	flatworms	that,	in	turn,	infect	mollusks.	Pelotons	are	commonly	the	primary	nutrient	source	for	wild	orchids.	Species	with	all	three	types	of	hyphae	are	trimitic	and
tend	to	be	woody	and	leathery,	as	with	the	polypores.	Index	Fungorum	International	Mycological	Association	A	non-profit	representing	30,000	mycologists	worldwide,	working	to	further	the	advancement	of	the	science.	Animal	Cullers	A	wide	variety	of	fungi	negatively	affect	animals.	Despite	their	seeming	ubiquity	inside	of	insects,	fungal
endosymbionts	have	been	essentially	ignored	since	entomologists	first	discovered	them	nearly	100	years	ago.	The	willingness	to	be	humble	in	the	face	of	such	mystery	is	perhaps	the	greatest	challenge	in	the	scientific	community,	where	many	suffer	under	what	cosmologist	Hermann	Bondi	referred	to	as	the	"lure	of	completeness":	a	craving	for
certainty	that	leads	to	irrational	and	blind	dogmatism.	Some	entomopathogenic	fungi	(e.g.	insect-attacking	Beauveria	bassiana)	are	currently	being	investigated	for	their	potential	as	endophytic	inoculum	for	plants.	The	fungus	provides	the	plant	with	nitrogen	from	proteins	that	the	fungus	has	digested,	and	under	extreme	conditions	the	fungus	may
even	provide	the	host	with	carbon	derived	from	digested	polysaccharides	and	proteins,	effectively	reversing	one	of	the	assumed	reasons	for	their	partnership.	VIII	RADICAL	MYCOLOGY	ACKNOWLEDGEMENTS	T	hough	this	book	is	the	summation	of	my	life's	work	with	fungi,	it	would	not	have	been	possible	without	the	extensive	help,	support,
inspiration,	and	encouragement	provided	by	innumerable	friends,	collaborators,	and	mentors.	26	As	these	and	other	early	plants	evolved	(e.g.	the	ancient	genera	Rhyniopsida	and	Horneophyton),	they	took	on	simple	bifurcating	structures	that	resembled	the	growth	patterns	of	the	endophytes	inside	of	them.	These	spores	may	be	formed	singularly,	in
clusters,	or	aggregated	in	structures	known	as	sporocarps;	all	are	produced	asexually.	sylvestris	trees.	Typically,	this	is	gleaned	from	a	nearby	tree.	As	a	spore	matures,	mannitol	and	other	sugars	are	released	from	the	spore's	bottom	and	side.	•	Describe	the	emotional	effort	to	break	down	the	pollutants.	~o	e.	htm	A	Spanish	site	for	trading	tibicos,
milk	kefir,	and	kombucha	cultures	in	the	US	and	many	Spanish	speaking	countries.	The	lifecycle	of	most	Chytrids	are	not	well	understood	and	can	differ	widely	between	species.	Wettstein	endosymbiotically	host	photosynthesizing	cyanobacteria.	One	of	the	most	foundational	and	impressive	aspects	of	this	nutrient	cycling	is	the	fungal	weathering	of
rocks,	the	study	of	which	is	known	as	geomycology.	The	only	difference	between	these	compounds	is	that	in	chitin,	one	hydroxyl	group	is	replaced	with	an	acetyl	amine	group.	107	As	it	happens,	this	fungus	also	survives	in	the	abandoned	buildings	of	Chernobyl	by	converting	gamma	radiation	into	energy	in	a	manner	similar	to	the	conversion	of
sunlight	to	vitamin	D	in	human	skin.	Ex-Pholiota-ating	body	wash.	The	resultant	mycelium	is	then	eaten	by	the	rapidly	developing	larvae,	which	would	not	survive	without	the	fungus.	As	primary	mycelium,	the	fungus	can	grow	and	survive	on	its	own	for	a	long	time;	it	just	won't	be	able	to	produce	mushrooms	without	a	"mate:'	3.	Ultimately,	they	ensure
that	no	habitat	remains	static	for	long,	thereby	propelling	succession	and	increasing	the	structural,	compositional,	and	functional	diversity	of	an	ecosystem	that	is	vital	to	its	overall	resilience.	Vesicles	from	the	Spitzenkorper	provide	the	building	materials	to	these	membrane	proteins.	Candidiasis	is	a	systemic	infection	of	the	body	caused	by	Candida
albicans.	Often,	these	shifts	come	about	by	curious	hobbyists.	A	given	fungal	species	can	also	form	different	types	of	mycorrhizal	structures,	depending	on	the	plant	it	is	associating	with.	For	diagnosis	or	treatment	of	any	medical	problem,	consult	a	licensed	physician.	Woodpeckers	may	even	use	the	fruit	bodies	of	Phellinus	pini	to	help	indicate	where
decay	is	pronounced	and	thus	find	sites	of	suitable	habitat.	North	American	Truffling	Society	(NATSJ	Based	in	Corvallis,	Oregon,	NATS	works	to	support	amateur	and	professional	research	on	belowground	fungi.	Agaricales	are	common	endophytes	in	grasses,	while	species	in	the	Russulales,	Polyporales,	and	Agaricales	are	common	in	woody	tissues
and	roots.	In	the	study,	66	distinct	genera	were	found	amongst	the	participants	sampled,	including	Aspergillus,	Candida,	Claviceps,	Cryptococcus,	Fusarium,	Penicillium,	and	Saccharomyces,	along	with	many	other	unidentifiable	taxa.	We're	mushrooms,	not	mycologists!"	How	DID	THE	FUNGUS	KNOW	HIS	PARTNER	WASN'T	A	VIRGIN?	Such	acts
help	reduce	the	disempowering	guilt	that	can	come	from	participating	in	western	culture's	luxuries.	Somehow,	the	signals	received	by	the	Spitzenkorpers	on	one	end	of	a	network	are	quickly	relayed	across	the	whole	mycelial	network,	which	can	respond	to	environmental	inputs	with	a	coordinated	reorganization	of	the	entire	web	and	increased
branching	toward	the	signal.	Their	roles	include:	•	Sending	a	meeting	reminder.	But	considering	the	youth	of	mycology,	all	of	their	offerings	present	an	untold	potential	for	enhancing	the	health	and	resilience	of	any	living	system.	It	draws	our	eye	in	for,	although	we	see	it,	we	also	know	that	there	is	no	way	of	defining	it.	A	sporocarpenter.	As	such,	the
following	four	subphyla	of	the	old	Zygomycota	are	all	incertae	sedis	("of	uncertain	position")	in	the	Queendom:	(325	species	in	61	genera)	(94	species	in	22	genera)	ZOOPAGOMYCOTINA	(212	species	in	20	genera)	ENTOMOPHTHOROMYCOTINA	(ca.	15	Significant	attention	has	been	given	to	their	influence	on	plant	growth	and	fertilization.	Adequate
explanations	for	the	short	lifespan	of	arbuscules	have	not	been	offered.	basidia),	from	which	the	phylum	gets	its	name.	edu!	-cliff!hmpage.	Many	ECM	fungi	can	be	quite	host	specific	(for	example,	Boletus	elegans	tends	to	only	grow	with	larch	trees),	while	others	may	be	quite	cosmopolitan	(Amanita	muscaria	will	associate	with	20	or	more	tree
species).	This	energy	could	be	transmitted	through	the	mycelium	as	electrical	currents	or	it	may	be	transmitted	as	electromagnetic	radiation	(light).	Chapter	1	explores	the	many	forms	and	unique	characteristics	of	fungal	biology.	~	z	z	I	Ji	~	~	I	"'	~	"'	~	::c	VI	::>	:E	·c;	~	~	w	al	0	w	a:	<	~	::>	Cl.	0	c..	This	zone	is	made	of	stacked	layers	of	hexagonally
structured	plates	of	H3	0	2	molecules.	IN	MY	YARD?	dermatitidis	cells	are	consumed	by	macrophages,	these	fungi	defend	themselves	by	raising	the	macrophage's	internal	pH,	effectively	disabling	the	digestive	enzymes	and	"oxidative	burst"	typically	employed	by	macrophages	to	destroy	invaders.	48	Over	time,	these	fungi	and	microbes	slowly	release
the	phosphorus	from	these	mineral	sources	at	rates	required	by	the	plant,	thereby	reducing	fertilizer	inputs	and	phosphate	leaching.	RIVER	and	PERCEPTION	WE	and	YOU	What's	with	the	use	of	We	and	You?	Without	these	micro	fungi,	many	cultures,	customs,	and	cuisines	of	today	would	look	entirely	different,	potentially	with	an	increased	emphasis
on	eating	mushrooms	as	a	source	of	protein	and	other	nutrients.	Soon	after,	the	fungus	mummifies	the	insect	from	the	inside	until,	hours	later,	a	mushroom	erupts	from	the	insect's	head,	releasing	spores	to	rain	down	across	the	forest.	They	act	as	a	clear	model	for	connecting	communities	and	ideas	to	help	reverse	the	problems	of	reductionism.	49	It
is	likely	that	these	electrical	impulses	travel	through	the	mycelium	via	the	water	that	comprises	much	of	the	fungal	body.	Goeldi's	monkey	(Calli	mico	goeldii)	consumes	Auricularia	auricula,	Auricularia	mesenterica,	Ascopolyporus	polychrous,	and	Ascopolyporus	polyporoides	year-round.	These	excess	fertilizers	then	leach	into	ground	and	surface
water	systems	where	they	disrupt	soil	ecologies	and	flood	into	river	deltas	to	feed	blooms	of	toxic	algae	that	choke	out	other	aquatic	life.	A	striking	combination	of	these	effects	occurred	in	the	U.S.	during	the	early	part	of	the	20"'	century.	As	new	segments	are	added	to	the	tip,	clamp	connections	form	between	segments	to	help	coordinate	the
replication	of	nuclei.	The	mycorrhiza	is	like	a	barter	station	where	each	species	provides	something	of	value	that	the	other	could	not	obtain	on	its	own.	Endophytes	include	members	of	the	Dothideomycetes,	Sordariomycetes,	Leotiomycetes,	Eurotiomycetes,	and	Pezizomycetes.	Any	volunteer	can	go	first,	choosing	one	of	the	spores	on	their	sheet	and
moving	it	left	one	space	per	mark	on	its	edge.	Class	3	species	are	found	around	the	world,	from	tropical	forests	to	boreal	and	Arctic/	Antarctic	ecosystems.	This	piece	is	for	the	Human	Population	and	-	-	Happiness	side	board.	Some	also	parasitize	plants	or	bacteria.	A	single	rust	species	may	create	five	morphologically	distinct	spore-producing
structures	to	complete	its	life	cycle	(e.g.	spermagonia,	aecia,	uredinia,	telia,	and	basidia).	Many	entomopathogenic	fungi	are	common	plant	endophytes	in	the	Clavicipitaceae,	a	fact	that	strongly	suggests	that	plant-insect	interactions	over	the	eons	have	helped	spread,	refine,	and	increase	the	impacts	of	these	fungi	throughout	their	ecosystem.
Compared	to	the	interdisciplinary	approach	that	fueled	the	research	of	many	of	history's	great	scientists,	today	the	sciences	are	increasingly	fragmented	and	largely	unfamiliar	with	the	finer	details	of	each	other's	work.	(1)	::i	,..,.,	r.n	:;::	~	'Y	I	I	I	(1)	::r"	3	&	:;·	::r"	(1)	~	r.nv-	n~	g	8..	Checking	for	concerns	when	proposals	are	made.	C-1	species	can
also	be	found	free-living,	filling	non-endophytic	niches	as	symbionts	(e.g.	Cordyceps	species),	pathogens	(e.g.	ergot	[Claviceps	purpurea]),	and/or	saprotrophs.	They	tend	to	be	soft	and	fleshy,	like	most	edible	mushrooms.	TABLE	OF	CONTENTS	What	This	Game	Is	About	Table	of	Contents	Facilitator's	Introduction	and	Prep	Instructions	Participation
Expectations	Step	By	Step	Rules	To	Play	Credits	578	RADICAL	MYCOLOGY	In	order	to	play,	you'll	also	need:	Tape	(masking	tape	is	best).	150	species	found	from	Mexico	to	Peru)	produce	unique	landing	pads	in	the	center	of	their	flower	that	look	like	small	mushroom	fruit	bodies.	Release	them,	and	after	they	float	down,	move	them	to	the	closest
circles	on	your	play	sheet.	1,300	SPECIES	IN	170	GENERA)	These	single-celled	fungi	were	long	thought	to	be	a	type	of	protozoa	until	it	was	recently	determined	that	they	are	actually	simple	fungi	that	lack	mitochondria.	--	Lill	~	You	experiment	to	learn	which	enzymes	will	digest	these	strange	new	poffutants.	The	preservation	of	brown	rot	fungi	and
the	cubical	rot	they	produce	should	therefore	be	heavily	considered	in	any	long-term	forest	conservation	strategy.	'	CHAOSfUNGORUM	21	MYCOGENESIS	Mycelia	take	on	a	striking	array	of	colors,	shapes,	and	patterns.	The	Relationship	Between	Bionts	Lichen	Needs	Seeing	Lichens	The	Reproductive	Structures	of	Lichens	Lichen	Chemistry	111	113
113	114	115	115	Lichen	Phylogenetics	Photosymbiodemes:	Why	Photobionts	Matter	Lichen	Biodiversity	and	Bioindications	Lichens	Being	Identifying	Lichens	DIY	Chemical	Spot	Tests	Harvesting	Ethics	and	Tips	Lichen	Herbaria	Culturing	Lichens	in	the	Lab	In	Situ	Cultivation	for	Environmental	Regeneration	Citizen	Science	Final	Thoughts	ll6	Part	IV:
Collaboration	118	118	119	121	126	129	129	132	WORKING	WITH	FUNGI	134	135	139	Part	Ill:	Relation	THE	SPORES	OF	LIFE	6	Megafood-Medicine	of	the	Macro	Fungi	General	Preparation	Tips	Precautions	Grain	Spawn	is	Food-Medicine	Preserving	Mushrooms	Of	Fermenting	Fungi	Mycotonics	Tried	and	True	Kombucha	Brews	Spirits	and	Bread	DIY
Stir	Plates	Tempeh	Incubators	Koji	Moldy	Cheese	Other	Fungal	Ferments	THE	PHARMYCOPEIA	7	Origins	The	Main	Types	of	Immune	Response	Cells	The	Medicine	of	Mushrooms	Notable	Species	In	Preparation	of	the	Medicine	Mycointuiting	and	Medicine	Circles	Triple	Extracts	Customized	MycoMedicine	Powdered	Grain	Spawn	Mushroom	Juice	The
Medicine	of	a	Liquid	Culture	Mycomeiopathics	MycoFormulations	AlcheMycology:	Alchemical	Explorations	Into	the	Fungal	Queendom	By	Jason	Scott	143	143	145	145	147	152	154	156	157	158	166	166	167	168	169	170	171	171	174	174	176	180	182	182	184	184	185	186	187	188	188	8	Mushroom	Cultivation:	A	Play	in	Four	Acts	The	Species	We
Grow	Fungamental	Principles	and	Patterns	of	Mushroom	Cultivation	Working	With	Contaminants	Work	Spaces	Containers,	Air	Filtration,	and	Closure	Mushroom	Nutrition	Substrate	Formulation	What	About	C:N?	This	includes	plants	in	the	Bryophyta,	almost	all	groups	of	Pteridophyta,	all	groups	of	the	Gymnospermae,	and	the	majority	offamilies	in
the	Angiospermae.	Natural	Philosophy.	Como	Conseguir	Kefir	Home	Winemaker's	Manual	.	One	side	of	a	grocery-sized	paper	bag	works	well.	Which	guides	the	growth	of	the	fungus	and	the	many	roles	it	plays	as	a	mycorrhizal	partner	shared	by	countless	plants?	They	are	the	connective	tissue	that	ties	whole	ecosystems	together	through	a	Common
Mycelial	Network	(CMN)	in	which	nutrients,	water,	and	information	are	constantly	exchanged	between	organisms	large	and	small.	The	term	•mycorrhizan	was	coined	in	7885	by	the	German	botanist	A.	MycoShwag	In	Land,	of	Land	Legal	Issues	Noting	Nuances	Identifying	Plants	Species	Lists	Grinnell	Journaling	Harvest,	Ritual	The	Take	The	Basics	of
Field	Guides	and	Keys	LB	Ms	Macro	Mushroomery	Mycroscopy	Spore	Stature	Squash	Mounts	The	Taste	for	Truffles	What	if	I	Can't	Identify	it?	Regardless	of	their	substrate,	all	mycelia	rely	heavily	on	their	digestive	enzymes	to	transform	substrates	into	compounds	that	are	small	enough	to	absorb.	The	ubiquity	of	this	association	is	likely	due	to	plants
co-evolving	with	these	fungi	for	at	least	400	million	years.	In	essence,	these	fungi	are	the	circulatory	system	of	the	world.	When	a	cow	swallows	grass	or	other	plant	matter,	the	material	first	enters	the	initial	three	stomachs	of	the	animal	(the	rumen,	reticulum,	and	omasum).	It	is	also	a	delicious,	umami-rich	delicacy	cherished	in	Mexico.	Where
university	departments	do	remain	open,	traditional	whole-organism	mycology	has	largely	fallen	by	the	wayside	in	the	advent	of	genetic	analysis.	And	as	seeds	travelled	the	world,	fungal	blights	followed	as	hidden	reminders	of	Nature's	power	over	humanity's	fate.	15	13.	Genital	elephantitis	can	result	from	chromoblastomycosis,	an	infection	attributed
to	various	fungi	in	the	Ascomycota.	37	And	it	is	likely	that	many	other	fungi	perform	similar	roles.	CREDITS	Salv	Age	by	Jackson	Tegu,	first	Winter	of	2016	This	one's	for	Peter.	When	these	histories	and	relationships	are	mapped	into	a	cohesive	whole,	they	form	a	branching	network	known	as	the	Tree	of	Life	or,	as	discussed	in	Chapter	3,	what	may	be
more	accurately	termed	the	Mycelium	of	Life	(MOL).	I	thank	the	following	people	for	their	help	refining	my	analysis	and	the	Radical	Mycology	framework:	Kelly	Collins,	J	Cookson,	Leila	Darwish,	Jorie	Kennedy,	Kipp	Kruger,	Danielle	Stevenson,	I.A.	heads,	and	the	old	Foote	St.	heads.	Thus,	some	spores	move	though	the	world	with	the	help	of	other
organisms.	In	these	rules	the	word	"We"	refers	to	all	of	the	players,	either	as	they're	each	asked	to	make	their	own	choice,	or	when	they	share	something	together	as	a	group.	-ARISTOTLE	Eternity	is	in	love	with	the	productions	of	time.	In	the	middle	of	a	forest	where	winds	are	low,	spores	often	travel	less	than	three	feet	from	their	parent	mushroom.
To	close,	over	100	species	profiles	and	17	appendices	are	included	to	fill	in	the	last	pieces	of	the	mycopuzzle.	In	other	words,	these	fungi	not	only	form	a	CMN	between	plants	of	different	families	(like	AM),	they	can	also	develop	two	completely	different	mycorrhizal	structures	depending	on	the	plant	they	are	allying	with.	Stage	2:	Grain	Spawn	When	is
Grain	Spawn	Ready	for	Stage	3?	•	Point	to	the	blank	part	of	the	map	you're	describing.	They	live	simply	now,	behaving	much	more	like	animals,	though	they	probably	still	use	some	tools	and	language.	These	microbes	provide	a	constant	supply	of	nitrogen	to	their	environment	by	either	combining	nitrogen	with	oxygen	to	form	nitrates	(N0	3-)	and
nitrites	(N0	2-)	or	with	hydrogen,	making	ammonium	(NH/).	50	The	nuclei	may	even	travel	in	"packets"	that	rapidly	stream	across	the	web,	likely	relaying	information	received	from	the	culture's	periphery.	11.	This	is	one	of	the	reasons	why	fungi	have	been	able	to	spread	so	successfully	across	the	world's	various	habitats.	The	digestive	enzymes	of
fungi	are	typically	found	near	the	tips	of	growing	hyphae.	The	processing	of	the	rock	results	in	significant	quantities	of	toxic	waste	products,	including	the	sodium	fluoride	that	is	added	to	water	supplies	and	toothpaste.	Rather,	it	is	through	the	exchange	of	chemical	signals,	or	mycopheromones,	that	a	primary	mycelial	network	is	able	to	locate	another
network	that	is	of	the	same	species	but	with	DNA	that	is	sufficiently	dissimilar	to	avoid	the	negative	effects	of"inbreeding:'	For	most	eukaryotes,	the	DNA	inside	of	every	nucleus	is	not	grouped	in	one	cohesive	mass,	but	distributed	between	many	chromosomes	of	various	sizes.	How	exactly	a	cloud	of	undefined	chemicals	manages	this	incredibly
complex	process	is	not	known.	By	honoring	mycophilic	traditions	and	uncovering	the	deepest	layers	of	these	ancient	intersections,	Radical	Mycologists	of	today	can	help	build	mycology's	new	era	on	the	solid	foundations	laid	by	their	ancestors.	For,	just	as	the	destruction	of	a	habitat	will	irreparably	disrupt	soil	webs,	acts	of	deforestation	threaten	the
loss	of	innumerable	dynamics	in	an	ancient	ecosystem.	PERITHECIUM:	Flask-shaped	structures	that	look	like	an	almost-dosed	apothecium.	Such	redefining	of	society	occurred	when	cultural	theorists	and	global	oligarchs	used	Herbert	Spencer's	(	1820-1903)	interpretation	of	Darwin's	evolutionary	model	to	describe	society	as	nothing	more	than	a
struggle	for	the	"survival	of	the	fittest:'	Through	the	reductionist	mindset,	this	interpretation	was	used	to	justify	the	segregation	and	separation	of	people	from	each	other	as	well	as	through	imposed	degrees	of	rank.	34	This	constant	recycling	is	critical	to	a	habitat's	survival	because	a	given	element	cannot	be	created	from	another	element.	As	plants
and	animals	began	to	form	these	multicellular	shapes,	their	first	intimate	relationships	with	fungi	were	set	in	place.	Biologically,	the	EZ	effect	explains	how	water	reaches	the	tops	of	trees,	something	standard	models	of	capillary	action	cannot	fully	account	for.	),	and	Dutch	elm	disease,	which	wiped	out	700,000	trees	in	only	a	few	years	after	its
introduction	to	the	U.S.	in	the	early	1900s.	nih.gov/gen	bank	A	genetic	sequence	database	run	by	the	National	Institutes	of	Health.	Typically	there	CHAOSFUNGORUM	9	are	four	basidiospores	produced	per	basidium,	but	variations	exist.	Comprising	over	350,000	species	that	are	found	in	nearly	all	habitats	and	consuming	nearly	any	food	source,
beetles	are	among	the	most	evolutionarily	successful	insects	in	the	world.	From	season	to	season	and	spore	to	spore,	they	have	spread	across	time	and	space	to	build	the	ecologies	that	define	the	world.	During	the	genetic	rearrangement	that	occurs	during	spore	development,	the	sexual	alleles	are	CHAOS	FUNGORUM	13	not	the	only	genes	that
change.	This	might	be	when	the	fungus	enters	the	warm,	moist	interior	of	an	otherwise	healthy	plant	or	animal	or,	most	commonly,	when	an	imbalance	presents	itself	in	an	organism	or	in	an	ecosystem	at	large.	A	spore	germinates	and	the	world	begins.	They	are	common	on	confinerous	wood,	with	Fomitopsis	officinalis,	Phaeolus	schweinitzii,	and
Phellinus	pini	being	some	of	the	primary	degraders	on	these	trees.	With	its	simple	form	and	curious,	wandering	nature,	the	hyphal	bud	is	easy	to	overlook-merely	another	microbe	among	the	millions.	The	EZ	effect	occurs	not	just	along	flat	surfaces,	but	also	against	any	hydrophilic	surface,	including	bubbles	and	droplets	of	water.	In	an	alkaline	(high
pH)	environment	these	nutrients	would	otherwise	remain	locked	into	the	soil	matrix.	Massospora	cicadina	attacks	17-year	cicadas	in	a	gruesome	way	that	slowly	corrodes	the	insect's	body.	''After	you,	I	encyst!"	Two	mushrooms	fruit	on	some	crap.	Mushroom	says,	"But	I'm	a	'fun	guy:"	Bartender	says,	"I	just	said	we	don't	serve	fungi:'	Mushroom	says,
"No,	no,	not	'fungi:	'fun	guy:	I	made	a	pun:'	Bartender	says,	"Get	the	f##k	out	of	my	bar:'	WHAT	DID	THE	ZOOSPORE	SAY	AS	IT	WAS	LEAVING	THE	ZOOSPORANGIUM?	Fungi	build	and	design	the	world	around	us,	often	acting	as	the	primary	instigators	and	stewards	of	many	biogeological	cycles.	Puccinia	and	Uromyces	are	common	genera;	they
tend	to	be	generalists,	whereas	most	other	rusts	specialize.	cfm	A	great	visual	guide	for	identifying	Trichoderma	Unicorn	Bags	.	ECTOMYCORRHIZAS	(ECM)	5-6,000	FUNGAL	SPECIES	IN	65	GENERA,	ABOUT	TWO-THIRDS	ARE	IN	THE	BASIDIOMYCOTA	(E.G	.	The	subsequent	halt	in	phosphorus	availability	following	"peak	phosphorus"	will	have
severe	and	widespread	impacts	on	numerous	ecological,	agricultural,	and	human	living	systems.	Malassezia	species	cause	dandruff	by	aggregating	skin	cells	from	the	scalp	into	visible	clumps.	Mushrooms	are	made	of90-92%	water,	but	considering	the	small	size	of	the	water	molecule,	water	may	actually	comprise	around	99%	of	the	molecules	in	the
entire	organism.	From	the	mycelium	we	have	come,	and	to	its	web	we	shall	return	to	be	embraced,	dissolved,	and	recomposed	through	the	endless	turning	of	life's	cycles.	Through	the	mycelial	lens,	the	haste	of	modern	human	life	slows,	exposing	Nature's	most	refined	principles,	which	our	ancestors	understood	so	well.	This	is	likely	due	in	part	to	the
low	population	of	mycorrhizal	fungi	and	other	beneficial	microbes	in	the	imported	soil.	A	root	may	be	so	densely	packed	with	coils	that	as	much	as	80%	of	its	volume	may	be	mycelium.	Other	spores	may	grow	in	acutely	defined	structures	that	rely	on	the	precise	splash	of	a	raindrop	to	carry	them	away.	But	don't	worry,	no	one	even	truly	knows	how	the
Romans	pronounced	Latin.	Action	potentials	created	by	shifts	in	this	charge	are	used	to	carry	communication	signals	across	the	mycelial	network,	similar	to	neural	networks.	This	fungus	grows	through	the	insect,	where	it	releases	toxins	and	absorbs	water	and	nutrients	from	the	host,	effectively	crystalizing	the	insect's	hemolymph	and	hardening	its
body.	Like	all	living	beings,	the	soil	takes	in,	transforms,	moves,	and	releases	nutrients	for	other	organisms	to	consume.	(Center)	Aspergilloma	(mycetoma	ar	"fungus	balls•)	filling	a	human	lung.	One	and	the	same,	perfect	and	complete.	All	the	players	need	to	agree	to	veto	things	that	bug	them	and	respect	everyone	else's	vetoes	before	moving
forward.	As	root	hairs	only	live	for	a	few	hours,''•	mycorrhizal	fungi	must	continually	travel	with	the	extending	root	tip	to	enshroud,	partner	with,	and	then	peel	back	from	rootlets	as	they	die.	Once	an	orchid	begins	photosynthesizing,	it	may	provide	the	fungus	with	carbon,	contradicting	the	long-held	belief	that	the	relationship	was	not	mutualistic.
Approximately	5%	of	land	plants	(140	genera	in	43	families),	including	about	3%	of	seed	plants	and	the	majority	offorest	trees	(e.g.	beech,	birch,	eucalypts,	oak,	poplar,	spruce,	and	willow).	If	a	compatible	fungus	is	present,	its	mycelium	will	penetrate	the	plant	embryo	where	the	orchid	cells	will	invaginate	the	hyphal	tips.	These	digestive	enzymes	are
exuded	primarily	from	the	hyphal	tip	and	their	composition	varies	in	response	to	a	given	substrate.	But	lacking	sexual	organs,	this	compatibility	is	not	determined	by	physical	features	of	the	hyphae.	MICROSPORIDIA	(CA.	~	-	-	-	These	four	spores	are	unique.	These	fungi	can	thus	replicate	their	already	existing	and	successful	genetics	via	self-cloning,
mate	and	produce	novel	offspring	sexually,	or	perform	both	processes,	depending	on	the	species	and	environmental	conditions.	The	fungus	does	not	penetrate	the	plasma	membrane	of	the	root's	cell	but	the	root	cells	are	significantly	modified	to	accommodate	the	arbuscule.	FUNGI	BEING	51	beetles,	mites,	thrips,	aphids,	weevils,	and	other	insects.
Similar	practices	are	observed	between	wood	wasps	from	the	Xiphydriidae	and	various	Ascomycetes	(e.g.	Daldinia	decipiens	and	Entonaema	cinnabarina).	Even	at	this	tiny	stage	the	outline	of	fruit	body	may	be	visible-a	homuncular	ghost	of	the	mushroom	to	come.	Other	species	form	rhizomorphs:	thick,	rope-like	structures	that	are	denser	and	more
complex	than	mycelial	cords.	ncbi.	It	is	unknown	whether	the	disease	resistance	is	attributable	to	the	fungus,	plant	compounds	produced	in	response	to	the	endophyte,	competition	between	fungi,	or	some	physical	exclusion	mechanism.	Today,	mycological	societies	are	making	concerted	efforts	to	document	the	ecology	and	distribution	of	macro	fungi
(mushrooms),	a	valuable	form	of	citizen	science	that	almost	anyone	can	support.	Include	"tabled"	items	that	were	not	addressed	in	the	previous	meeting.	In	2013,	Dr.	Gerald	H.	However,	the	nuclear	diversity	of	the	Glomeromycota	provides	for	a	wealth	of	genetic	reserves	that	is	more	advanced	than	essentially	all	other	eukaryotic	organisms.	IF	YES:
Determine	next	steps,	deligate	tasks,	set	deadlines,	and	record	agreements.	Proposing	agenda	items	and	time	allotments	for	each	of	them.	(Left)	Electrical	energy	generated	from	electrodes	placed	in	the	El	and	in	the	zone	beyond.	Even	pronouncing	their	names	can	be	a	bit	of	a	tongue	twister	at	first.	Within	their	mycelial	networks	and	spores	of	life
these	fungi	hold	the	memories	of	prehistory.	Mykoweb	The	Fungus	Conservation	Trust	A	British	organization	involved	with	fungal	conservation.	At	the	end	of	the	meeting	the	Note	Taker	summarizes	the	meeting's	outcomes	and	next	steps/tasks	for	all	the	group's	members.	net	A	site	with	essays	about	lichens	and	photographs	of	species	from	North
America.	It	was	they	who	carved	the	way	for	all	the	plants,	animals,	and	epochs	of	evolution	that	followed.	A	fluid	medium	is	created	between	the	two	organisms	and	through	it	nutrients	are	exchanged.	Bacteria	can	influence	AM	spore	germination	and	growth	rates,	thus	affecting	the	growth	of	the	plant	that	depends	on	the	AM	symbiosis.	These
events	bring	together	teachers,	activists,	and	ecologists	passionate	about	sharing	their	knowledge	around	fungi	in	an	open	source	and	collaborative	format.	By	instigating	and	propelling	the	nutrient	cycles	that	fuel	these	exchanges,	fungi	define	the	curve	of	this	endless	spiral	that	remains	forever	balanced	on	the	leading	edge	of	its	own	expansion.
Species	from	all	fungal	phyla	are	ubiquitous	components	of	rocks	around	the	world.	87	In	arid	ecosystems,	DSEs	in	the	order	Pleosporales	are	commonly	found	in	both	rhizosphere	soils	and	in	biological	soil	crust	communities	(discussed	in	Chapter	5).	To	keep	such	potential	inaccessible-or	worse	yet,	to	limit	the	variety	of	perspectives	with	which	to
view	fungi-is	an	imposed	cultural	limit	that	stifles	the	health	of	current	and	future	generations.	Veto	Freely	Sometimes	stories	can	bring	up	surprising	emotional	responses.	In	comparison,	the	dynamics	and	impacts	of	the	gut's	mycobiome	has	remained	poorly	understood	since	first	being	noted	for	its	role	in	digestion	nearly	two	decades	ago.	When
these	trees	are	cut	down	by	the	logging	industry,	this	column	forces	the	tree	to	be	excluded	from	harvest,	thereby	lowering	profits.	At	1,900-8,650	years	old,	this	"humungous	fungus"	102	is	the	largest	organism	in	the	world.	With	such	an	important	history,	it	is	difficult	to	understand	why	fungi	are	so	commonly	disregarded.	APPENDIX	0:	SALVAGE
577	Salv	Age	by	Jackson	Tegu	a	story	game	collaborative	2	to	4	players	2	to	3	hours	FACILITATOR'S	INTRODUCTION	AND	PREP	INSTRUCTIONS	WHAT	THIS	GAME	IS	ABOUT	Mushrooms	are	really	amazing!	This	game	is	founded	on	things	that	leading	mycologists	believe	real	fungi	do,	with	some	poetic	license.	Thus,	removing	one	of	these	plants	in
the	cycle	from	an	area	influenced	by	these	fungi	can	help	mitigate	the	fungus'	spread.	The	mycelial	mats	of	molds	and	mushrooms	can	be	circular,	irregular,	spiral-shaped,	ringed,	uplifted,	matted,	whispy,	or	combinations	of	all	of	these.	Players	who	use	the	Adapt	to	Break	Down	Compounds	spore	will	update	this	chart	as	a	part	of	following	its
associated	list.	98	Thus	the	question	we	must	all	ask	is,	"Is	my	gut	asco	or	basidio	friendly?"	Beyond	the	intestinal	tract,	fungi	permeate	the	human	body.	All	told,	it	is	the	structure	of	the	Spitzenkorper	that	is	perhaps	its	most	compelling	feature.	For	most	eukaryotes,	the	GA	is	the	penultimate	stop	where	each	protein	is	sorted	and	then	shipped	to	its
final	position	inside	or	outside	of	the	cell.	Identifying	Endophytes	Identifying	Slime	Molds	Identifying	Arbuscular	Mycorrhizae	Fungi	for	a	Future	Common	AM	Genera	Commercial	Foraging	RADICAL	LICHENOLOGY	87	87	88	92	93	94	94	96	96	96	97	98	98	100	100	101	102	103	103	104	105	105	106	107	107	108	111	By	Nastassja	Noell	5	What	is	a
Lichen?	References	are	provided	for	informational	purposes	only	and	do	not	constitute	endorsement	of	any	websites	or	other	sources.	usda.gov/Main/	docs.	Thanks	for	opening	my	eyes	to	these	wonderful	beings	and	their	lessons.	39	(Above)	Many	slow-growing	conks	will	envelop	sticks	and	other	plant	matter	in	their	path.	Fungi	similar	to	Class	3
endophytes	are	also	found	in	lichens	and	are	known	as	endolichenic	fungi.	540	mya).	In	Salv	Age,	we	collectively	play	as	a	network	of	fungi,	trying	to	remediate	a	pollution	site	long	after	human	civilization	is	gone.	This	creation	of	genetic	diversity,	whether	in	fungi,	animals,	or	other	organisms,	is	what	enables	evolution	to	occur	and	for	related
humans	to	look	and	act	differently.	And	as	the	larvae	begin	to	hatch,	the	fungus	grows	out	from	the	propolis	that	constructs	the	brood	cell	walls	and	consumes	the	liquid	nutrients.	The	environmental	signals	that	guide	vesicle	placement	come	in	a	variety	of	forms.	Through	enacting	these	facets,	Radical	Mycologists	stand	as	a	voice	for	the	Earth	and
for	the	fungi.	WHAT	KIND	OF	SODA	DO	MUSHROOMS	DRINK?	Botrytis	cinerea	produces	bunch	or	"noble"	rot	on	grapes.	The	dead	fly	often	has	a	distended	abdomen	with	white	conidiophore	bands	projecting	between	its	exoskeleton	segments.	20	Largely	constricted	to	the	shores	of	Pangaea,	these	early	lichens	set	the	stage	for	later	life	forms	to
thrive.	When	Radical	Mycologists	work	together	to	form	groups,	they	can	share	these	skills	with	various	facets	of	their	community	and	enhance	the	overall	resilience	of	the	local	culture.	britishlichensociety.	19	By	influencing	the	defense	behavior	of	plants,	these	fungi	indirectly	create	a	cascade	of	effects	on	herbivores	and	their	natural	enemies,
influences	with	widespread	and	indeterminable	ecological	significance.	18	However,	because	most	root-pathogenic	fungi	infect	roots	more	rapidly	than	AM	In	desert	ecosystems	(left),	arbuscular	mycorrhizae	(above)	enable	cacti	to	access	water	and	stay	alive.	Free	downloadable	guidebook	by	Lum	Eisen	man.	Many	researchers	in	universities	are	so
specialized	within	a	tiny	subset	of	their	overarching	department	that	it	is	difficult	for	them	to	be	well-versed	in	the	intricacies	of	other	research	projects	in	their	department,	let	alone	other	departments,	universities,	or	the	scientific	community	at	large.	AM	fungi	can	reduce	nitrogen	and	phosphorus	fertilization	by	as	much	as	30-40%.	These	are
thought	to	serve	as	a	form	of	lipid	(fat)	storage	and	are	formed	when	a	hyphal	tip	swells	to	5.	Indeed,	it	is	a	behavior	pattern	that	comes	about	when	one	is	in	accord	with	the	Tao.	.	AFTER	THE	EVENT	Send	a	thank	you	to	the	email	list	and	to	everyone	involved	in	the	project.	124	Sociologically,	when	an	old	growth,	multi-canopied	forest	is	clear-cut
and	replanted	with	straight	rows	of	a	single	fast-growing	timber	species,	the	concept	of	a	healthy	forest	ecosystem	is	lost	to	the	humans	that	enter	that	space.	As	the	tip	is	added	to,	the	hyphal	sidewalls	are	cemented	in	place.	When	one	offers	the	fungi	time	for	study,	even	their	smallest	moments	expose	lessons	on	how	to	embody	these	principles,	and
thereby	find	new	means	for	respecting	and	connecting	with	the	natural	world.	Prior	to	the	mycorrhizal	formation,	the	plant	and	fungus	communicate	with	one	another	through	an	exchange	of	chemical	signals,	and	if	the	plant	decides	it	wishes	to	partner	with	the	fungus,	it	will	allow	it	to	enter8-only	after	consent	is	given	does	penetration	occur.	58
RADICAL	MYCOLOGY	EXAMPLE	MYCOPHAGISTS	OBLIGATE	Western	redbacked	vole	PREFERENTIAL	Camas	pocket	gopher	Creeping	vole	Mazama	redbacked	vole	Southern	redbacked	vole	Heather	vole	Northern	flying	squirrel	Western	gray	squirrel	Mantled	ground	squirrel	Yellowpine	chipmunk	Long-eared	chipmunk	Lodgepole	chipmunk
Townsend	chipmunk	Douglas	squirrel	Red	squirrel	OPPORTUNISTS	After	eating	fungal	fruit	bodies,	flying	squirrels	will	launch	through	the	tree	canopy,	dropping	their	pellets	as	they	fly.	This	is	due	to	their	combined	abilities	to	grow	at	98°F	(37°C),	bind	to	human	tissue,	digest	proteins,	and	evade	the	human	immune	system.	Is	there	a	primary
nucleus	or	do	many	(all?)	act	in	concert?	htm	?docid=12125	A	culture	collection	of	insect-attacking	fungi.	Only	the	Glomeromycota	produce	glomalin,	placing	them	as	central	designers	in	the	creation	of	subterranean	and	aboveground	ecologies.	800-	1,000	species)	are	the	slime	and	water	molds	that,	though	somewhat	fungal	in	appearance,	are	more
closely	related	to	diatoms	and	brown	algae	than	fungi.	In	essence,	vocal	fungi	provide	"checks	and	balances"	in	an	ecosystem,	helping	to	manage	the	diversity	and	population	of	organisms	in	complex	ways	that	humans	have	barely	begun	to	understand.	38	Fungi	also	precipitate	carbon-containing	oxalates	through	the	interactions	of	oxalic	acid	and
silicate	minerals,	providing	an	important	carbon	sink	in	terrestrial	environments.	WHAT	DID	THE	MUSHROOM	SAY	AFTER	BEING	There	wasn't	enough	mushroom!	STOMPED	ON	BY	AN	ERRANT,	WITLESS	CHILD?	In	the	Northwestern	US,	the	California	red-backed	vole	is	considered	one	of	the	few	obligate	mycophagists,	with	fungi	constituting	up
to	85%	of	its	yearround	diet.	For	example,	Laccaria	bicolor	contributes	to	the	late	stages	of	decomposition	of	mammals	and	anadromous	RADICAL	MYCOLOGY	fish,	such	as	salmon.	It	is	still	used	on	downy	mildews	in	vineyards.	The	mycelium	is	as	space-efficient	as	the	human	circulatory	system,	the	latter	of	which	only	takes	up	5%	of	the	human	body
yet	is	able	to	place	a	capillary	no	more	than	three	or	four	cells	apart.	A	single	Artist's	Conk	may	release	up	to	30,000,000,000	spores	a	day,	or	5	trillion	spores	over	the	course	of	a	6-month	growing	cycle.	With	such	a	small	amount	of	topsoil	on	the	planet,	this	protective	layer	of	the	Earth	must	be	spoken	for,	understood,	and	held	sacred	by	all	those
who	care	for	the	wild.	Many	of	these	fungi	also	have	an	alternate,	asexual	component	to	their	life	cycle.	These	include	Basidiobolus,	Caulochytrium,	Olpidium,	and	Rozella.	Class	3	endophytes	only	grow	in	the	aboveground	tissue	of	plants,	including	non-vascular	plants,	seedless	vascular	plants,	conifers,	and	angiosperms.	The	mycelial	coat	around	the
root	acts	as	a	protective	"shield"	against	antagonists,	while	the	fungus	may	also	release	antibiotic	compounds	into	the	mycorrhizosphere	that	are	targeted	to	specific	pathogens.	Today,	through	the	lessons	of	these	fungi,	we	can	also	return	to	a	new	relationship	with	the	forests	and	untouched	wild	spaces	to	remember	the	value	in	releasing	the	life	of
others	on	to	the	wisdom	of	Nature's	demands	in	the	endless	process	of	evolution.	It	is	the	container	of	everything	and	the	nothingness	from	which	all	things	are	born.	Termites	or	carpenter	ants	begin	to	cohabitate	with	the	mycelium	in	the	tree's	core,	and	as	branches	rot	and	fall	off,	birds	and	other	animals	begin	to	find	shelter	in	the	tree	hollows.
Generally,	plants	are	thought	to	have	first	arisen	approximately	1	bya	when	a	eukaryotic	cell	engulfed	a	photosynthesizing	cyanobacterium,	forming	a	beneficial	endosymbiosis.	81	Due	to	limited	research,	Class	4	endophytes	have	only	been	reported	in	around	600	plants.	In	hyphal	time,	there	is	no	set	path	to	follow,	no	predetermined	destiny.	Also,
stories	are	strengthened	by	small,	logical	steps,	so	obvious	choices	help	everyone	stay	on	the	same	page.	19	Many	of	these	nuclei	can	be	from	other	microorganisms,	including	fungi	of	other	phyla.	It	is	not	a	discrete	mass	like	the	GA	or	a	nucleus.	Some	fungi	do	form	cross	walls,	or	septa	(pl.	21	Encountering	new	environments	and	substrates,	they
would	have	rapidly	diversified	as	would	have	the	endolichenic	Ascomycetes	living	inside	their	structures	(thalli).	Across	its	native	range,	a	given	plant	species	may	form	symbioses	with	thousands	of	endophytic	fungal	species.	A	fish,	duh.	The	soil	fungi	that	are	by	far	the	best	understood	are	those	that	form	a	mutually	beneficial	relationship	with	living
plants	roots.	Tree	roots,	ECM	fungi,	and	nitrogen-fixing	bacteria	are	often	found	in	abundance	near	brown	rotted	material.	There	is	strong	evidence	of	fungal	growth	in	3.5	billion	year	old	volcanic	glass	from	the	ocean	floor,7	and	undescribed	filamentous	fungi	have	also	been	found	in	ancient	oceanic	basalt	deposits.	With	over	twice	the	biomass	of	all
of	Earth's	animals,2	soil	is	truly	alive	and	can,	in	a	sense,	be	regarded	as	a	sort	of	massive	organism.	Humans	can	only	sustain	endangered	species	for	a	short	amount	of	time	and	only	with	substantial	effort.	The	scat	of	these	tiny	animals	has	been	shown	to	contain	the	spores	of	19	different	fungal	genera,	including	several	AM	species.	Mentally,	our
thoughts	and	memories	also	weave	and	branch	this	way,	constantly	intersecting	with	the	past	to	relay	new	ideas	through	dreams	and	imagination.	~	-l	::r"	3	"'	u;·	'"O	'"O	'"O	n	0..	It	is	when	the	species'	natural	habitat	is	provided	for	and	protected	that	the	plant,	animal,	or	fungus	will	be	able	to	adequately	thrive	on	its	own.	Painting	by	Erin	Sara
DiPeso.	This	mantle	is	where	the	fungus	absorbs	and	stores	plant	nutrients	like	nitrogen,	phosphorus,	potassium,	and	calcium.	Such	attacks	on	the	wholeness	of	Nature	are	ultimately	attacks	on	the	human	self:	a	being	born	from	Nature	that	inherently	knows	its	deep-seated	connection	to	its	environment.	Just	as	any	historian	of	science	knows,	major
advances	in	science	are	not	made	in	small	steps,	but	by	leaps	and	bounds	that	are	largely	guided	by	intuition,	chance,	and	a	willingness	to	challenge	dogmas.	Mycorrhizal	fungi	perform	a	range	of	metabolically	taxing	acts	that	do	little	to	serve	themselves	in	the	short	or	long	term.	They	range	from	the	Arctic	to	the	tropics	and	occur	in	agricultural
fields	and	throughout	the	wild.	They	are	most	often	observed	in	aboveground	plant	tissues,	but	there	are	some	root-dwelling	endophytes	that	perform	functions	similar	to	mycorrhizal	fungi.	47),	a	variety	of	ant	species	also	cultivate	fungi	for	food.	As	such,	the	future	of	mycology	must	be	framed	by	an	understanding	of	the	electrical	nature	that
underlies	fungal	biology.	They	are	hidden	soil	dwellers	that	cannot	be	studied	in	labs-underground	cultures	that	resist	control.	You	can	write	him	care	of	the	publisher.	If	the	concerned	blocks	the	proposal,	return	to	step	1	to	address	the	issue	in	an	alternate	format.	-	WILLIAM	BLAKE	0	ur	exploration	of	the	fungi	begins	with	an	appreciation	of	their
incredible	diversity.	It'll	take	some	experimenting	in	order	for	us	to	do	so.	She	who	counts	the	spores	of	the	world	is	the	one	who	measures	the	world	itself.	CHAOSfUNGORUM	5	ZYGOMYCOTA	A	mixed	bag	of	cosmopolitan	micro	fungi,	the	Zygomycota	is	no	longer	recognized	as	a	true	fungal	phylum.	Pollack's	work	has	vast	implications	for	biological,
chemical,	and	physical	sciences,	leading	many	reviewers	of	his	findings	to	regard	them	as	some	of	the	most	important	scientific	discoveries	of	the	21	''century.	After	these	fish	spawn	and	die	on	stream	banks	or	are	carried	into	the	woods	by	bears,	the	hyphae	of	L.	Mycorrhizal	structures	come	in	several	forms,	though	all	hold	the	root-hypha
intersection	as	their	central	feature.	Basidiospores	form	on	the	sterigmata	and	take	up	the	nuclei	in	the	basidia.	13	The	mycelium-forming	species	Neurospora	crassa	has	been	heavily	studied	as	a	model	organism	for	genetic	recombination	research.	About	20%	of	humans	are	also	sensitive	to	high	concentrations	of	Alternaria	spores	in	the	air	and	can
develop	seasonal	"hay	fever"	in	response	to	their	spore	release.	To	protect	spotted	owls	is	to	protect	the	truffles	that	feed	the	mammals	the	owls	eat,	just	as	protecting	rare	orchids	implies	protection	of	the	mycorrhizal	fungi	that	they	associate	with.	32	As	the	name	implies,	these	fungi	exhibit	the	same	characteristics	of	ectomycorrhizas	but	will	also
develop	extensive	intracellular	structures	inside	of	the	root's	cells.	Water	is	absorbed	through	the	surface	of	the	hypha	while	nutrients	are	obtained	by	external	digestion.	Includes	bibliographical	information	and	index.	Through	mycorrhizal	relationships,	fungi	unite	the	ecologies	of	the	world.	Whereas	other	fungi	support	the	immediate	life	of
individuals,	the	vocal	species	tend	to	the	positive	growth	of	a	habitat	over	the	long	term.	OF	THE	HYPHOSPHERE	63	Early	depictions	of	Prototaxites,	such	as	this	drawing	by	John	Dawson,	presented	the	organism	as	a	tree.	These	are	the	cryptoendoliths-those	that	hide	inside	of	rock.	WILD	MYCELIUM:	This	form	of	silent	applause	signals	that	a
member	is	in	agreement	with	what	is	being	said.	106	Cryptococcus	neoformans	causes	significant	infections	in	the	nervous	system	of	immune	compromised	individuals,	often	forming	abscesses	in	the	brain	that	cause	headaches,	blindness,	dementia,	and	death.	As	Nature's	grand	chemists,	the	fungi	enable	biological	growth	by	constantly	unlocking
unavailable	nutrients	and	turning	them	back	into	soluble	compounds	that	microbes,	plants,	and	animals	can	metabolize	into	tissue.	acsi)	filled	with	mature	ascospores.	Then	you'll	cut	out	enough	copies	of	the	Extend	the	Mycelial	Network	spore	so	every	player	has	one,	and	bend	those	handle-points	up	too.	It	is	the	singular	mushroom	that	arises	from
networks	connected	both	spatially	to	a	habitat	and	through	time	to	ancestors	and	the	countless	generations	that	its	spores	will	spawn.	The	indicator	piece	begins	in	the	box	on	the	left	end	of	the	chart.	Does	their	diversity	change	over	time?	Similarly,	the	more	specimens	one	has	to	compare,	the	more	complicated	the	relationships	between	those
organisms-as	well	as	their	interpretations-can	become.	MycoBank	works	closely	with	Index	Fungorum	(above).	British	Lichen	Society	.	When	plants	are	later	introduced	to	the	"restored"	site	as	part	of	the	remediation	plan,	up	to	90%	may	fail	to	establish.	Though	all	of	Earth's	inhabitants	contribute	to	these	nutrient	cycles,	the	fungi	are	some	of	the
most	critical	players	in	these	processes	for	they	perform	some	of	the	most	complex	chemical	transformations	required	for	this	endless	movement	of	the	elements	of	life.	Tappania	fossils	have	also	been	found	in	shoreline	carbon-rich	shale	deposits	from	Australia	and	China.	Commonly	found	in	most	grasses	and	cereal	crops,	the	agricultural	significance
of	Class	1	has	brought	these	endophytes	the	most	attention.	INTRODUCTION:	TOWARD	A	RADICAL	MYCOLOGY	XIX	standing	of	the	various	sciences	that	influence	daily	activities	must	be	understood.	Just	as	many	of	history's	greatest	civilizations	have	likely	thought	of	themselves	as	the	pinnacle	of	existence	only	to	later	collapse,	3	so	too	must	the
superiority	of	reductionism	as	an	epistemological	model	be	amended,	lest	it	topple	under	the	weight	of	its	own	assumptions.	This	theory	was	so	convincing	that	is	was	not	disputed	for	nearly	30	years.	Today,	at	least	35	species	of	Ascomycetes	are	known	to	contain	cellulose	in	their	cell	wall.	1	To	best	anticipate	where	mycology	is	heading,	these	and
many	other	historical	intersections	of	human-fungal	relations	must	be	recognized	for	their	richness	of	import.	Mycorrhizal	fungi	can	also	obtain	nutrients	by	decomposing	animal	and	insect	tissue.	Around	the	world,	bears,	cows,	deer,	elk,	pigs,	rabbits,	mice,	snails,	slugs,	and	many	insects	all	eat	mushrooms.	26	These	profound	genetic	capacities	are
unlike	any	other	adaptive	strategy	found	amongst	eukaryotic	organisms	and,	as	such,	deserve	significant	attention	for	their	numerous	ecological	implications.	123	California	quail	Wild	turkey	Stellar'sjay	Grey	jay	Mountain	goat	North	American	elk	Mule	deer	Fisher	Black	bear	Grizzly	bear	Virginia	opossum	Pacific	shrew	Trowbridge	shrew	Wandering
shrew	Yaquina	shrew	Mountain	cottontail	Rock	rabbit	Bushy-tailed	woodrat	Canyon	mouse	Deer	mouse	Pinon	mouse	Mazama	pocket	gopher	Northern	pocket	gopher	Townsend	pocket	gopher	Sage	vole	Long-tailed	vole	Hoary	marmot	Pacific	jumping	mouse	ACCIDENTAL	Northern	Spotted	Owl	This	top-down	view	of	the	Earth	as	a	single	system,	one
that	I	call	Gaia,	is	essentially	physiological.	Send	an	announcement	to	email	lists	and	post	on	social	media	and	local	event	calendars.	4	This	ubiquity	results	in	a	wide	range	of	benefits	to	not	only	the	organisms	involved	but	to	the	entire	ecosystem	in	which	they	are	enmeshed.	Many	Ascomycete	molds	only	reproduce	asexually.	crassa	holding	the	fastest
pulse	(13-14	pulses	per	minute)	and	F.	With	fossil	evidence	dating	to	approximately	450	million	BCE,	the	AM	symbiosis	is	by	far	the	most	ancient	of	all	mycorrhizal	relationships.	For	example,	the	fungi	that	cause	athlete's	foot	and	jock	itch	in	humans	(Epidermophyton	and	Trichophyton	species)	are	rarely	found	free-living	in	public	shower	stalls	and
swimming	pools,	but	instead	are	attributable	to	poor	air	flow	and	limited	sun	exposure	in	the	infected	areas.	As	demonstrated	by	numerous	studies	over	the	past	few	decades,	plant,	animal,	and	bacterial	cells	all	produce,	communicate	with,	and	are	influenced	by	low	levels	oflight	known	as	"ultraweak	bioluminescence;'	or	"biophotons:'	64	For
example,	external	light	sources	can	influence	communication	across	the	neural	cells	ofrats.	They	nourish	the	land,	constrict	the	spread	of	disease,	and	increase	the	connectivity	and	distribution	systems	that	enhance	an	ecosystem's	resilience.	They	are	the	world's	greatest	and	oldest	teachers,	timelessly	spawning	a	wisdom	that	can	just	as	readily	uplift
habitats	as	unite	a	community.	4	Regardless	of	its	initial	form,	the	exact	time,	place,	and	means	by	which	life	developed	is	unclear	and	heavily	contested.	As	long	as	fungi	are	forgotten,	such	missteps	are	bound	to	continue	unimpeded.	schimperi	forms	the	largest	fruit	bodies	in	the	genus;	it	is	found	in	Namibia,	Tanzania,	Ethiopia,	Zambia,	and	Malawi.
The	lower	two	sections	of	the	play	sheets	have	lists	to	follow	when	a	player	uses	one	of	the	fungal	abilities.	To	spread	these	benefits	most	effectively,	Radical	Mycologists	must	determine	where	their	skills	are	most	needed.	A	Cumulative	Checklist	for	the	Lichenforming,	Lichenicolous	and	Allied	Fungi	of	the	Continental	United	States	and	Canada
!pubweb!-esslinge/chcklst/	chcklst7.htm	A	list	of	5,388	lichen	species	in	720	genera,	with	an	additional	43	subspecies,	47	varieties,	and	3	forms.	These	extreme	environments	are	characterized	by	nutrient-poor	and	very	acidic	soils.	Using	these	arbuscules	as	an	interface,	nutrients	are	exchanged	between	both	species.	If	this	were	the	case,	many	of	the
byproducts	of	delignification	that	lead	to	the	development	of	humus	would	not	exist,	prohibiting	the	development	of	soil	and,	by	extension,	the	diversity	of	life	we	find	today.	Many	local	changes	still	to	come.	;,	c	2c	....	With	an	anatomy	unlike	any	living	or	fossil	organism,	Prototaxites	specimens	have	been	historically	hard	to	classify,	and	various
attempts	to	place	them	into	evolutionary	models	have	been	repeatedly	challenged.	rogersmushrooms.	These	fungi	are	found	in	the	roots,	leaves,	and	stems	of	plants.	Send	a	press	release	to	local	news	agencies.	International	Society	for	Fungal	Conservation	Pacific	Northwest	Key	Council	A	society	promoting	the	global	conservation	of	fungi	through
activities,	awards,	campaigns,	meetings,	and	publications.	To	the	best	of	my	ability,	I	have	transcribed	these	insights	in	hopes	that	you	may	experience	some	of	this	rich	perspective-a	wisdom	that	only	the	fungi	can	fully	teach.	Chapter	11	interprets	fungal	intelligence	through	a	socio-political	framework	by	discussing	how	many	qualities	of	fungal
biology	and	ecology	can	influence	the	development	of	intelligent	and	resilient	human	societies.	Through	their	mycelial	networks-those	decentralized	webs	of	white	tissue	often	found	beneath	logs	and	rocksmushrooms	and	other	fungi	permeate	the	world,	connecting	and	turning	its	innumerable	cycles	to	demonstrate	that	every	act	carries	an
immeasurable	chain	of	effects.	Two	genetically	compatible	mycelial	networks,	each	produced	by	a	different	spore,	encounter	each	other	and	become	"partners:'	Mated,	the	two	travel	together,	cohabitating	alongside	each	other,	but	do	not	fuse	together.	Does	the	behavior	of	happy	humans	create	problems	for	their	environment?	69	Sclerotia	are
another	mycelial	structure	produced	by	some	fungi.	From	the	mycelial	sea	of	imagination	and	endless	potential,	the	mushroom	forms	as	a	perfect	creation-a	point	of	coherence	in	the	endless	cycle	of	time.	With	perfect	pitch,	fungi	tune	the	melodies	of	an	environment.	This	infection	is	probably	coincidental,	however,	as	it	represents	a	dead	end	in	the
life	cycle	of	these	fungi	and	is	thus	not	evolutionarily	advantageous.	New	materials	added	to	the	tip	quickly	stream	to	the	side	and	become	the	lateral	walls	that	are	then	fixed	in	place.	Rather	than	framing	habitat	protection	policies	around	the	population	of	threatened	or	endangered	species,	emphasis	must	be	placed	on	the	defense	of	the	complex
functional	relationships	that	define	whole	ecosystems.	Often	these	practices,	such	as	the	use	of	toxic	pesticides,	are	excused	by	the	scapegoat	of	these	forceful	fungi.	FUNGI	Aspergillus	oryzae	A.	Such	imposed	cultures	tend	to	reinforce	the	reductionist	mindset	that	enables	them	to	flourish,	often	with	an	increased	dependence	on	technologies	that
reduce	necessity	for	the	direct	transmission	of	knowledge	or	other	real	world	interactions.	78	Several	plant	pathogens	and	saprotrophs	in	the	Ascomycota	are	also	derived	from	these	lineages.	6	Most	notably,	the	lichens	Rhizocarpon	geographicum	and	Xanthoria	elegans	seem	to	be	completely	unaffected	by	the	radiation,	vacuum,	and	extreme
temperatures	of	space.	Cultures	for	Health	(USA)	.	I	thank	James	Weiser	for	sharing	a	wealth	of	information	and	insight	into	the	cultivation	process	over	the	years.	Over	time,	the	heavy-handed	voice	of	reductionism	comes	to	drown	out	traditional	perspectives,	customs,	and	cultures.	Players	take	turns	one	at	a	time	proceeding	left	around	the	table.
Today,	AM	are	found	in	abundance	associating	with	nearly	all	of	the	world's	plants	and	plant	communities.	capsulatum,	and	B.	Seed(ling)	Cullers	Often	called	"damping	off"	disease,	these	fungi	are	common	in	soil	systems	but	tend	to	only	infect	plants	that	are	stressed	by	drought,	poor	light,	nutrient	deficiency,	or	insect	damage.	To	reclaim	the
language	used	to	describe	Nature	is,	in	many	ways,	a	chance	to	speak	the	language	of	connectivity	that	fungi	express.	I	thank	Brad	Blickenstaff,	Maria	Farinacci,	Erica	Gunnison,	Lexie	Gropper,	Bill	Hulpert,	Olga	Tzogas,	Graham	Steinruck,	Jim	Stevens,	Mark	Taylor,	and	Jordan	Weiss	for	their	continuous	support	and	insight	into	this	whole	mycology
thing	over	the	years.	Unfortunately,	modern	humans	have	largely	misinterpreted	this	role	of	the	vocal	fungi.	This	simple	strategy	provides	gardeners	and	farmers	with	one	of	the	most	appropriate	means	for	creating	more	efficient	nutrient	cycling	systems.	A	universe	of	unfathomable	complexity,	the	soil	is	filled	with	innumerable	organisms	performing
invisible	acts	that,	despite	countless	influences,	somehow	remain	finely	balanced	and	forever	abundant.	(Below)	Ambosia	beetle	galleries	are	miniature	fungal	farms	that	feed	maturing	larvae.	It	is	recommended	up	front	to	get	comfortable	with	using	Latin	names	to	describe	fungi	as,	unlike	a	fungus'	common	name	that	can	differ	between	languages
and	regions	of	the	world,	the	current	Latin	name	of	a	species	does	not	change	as	one	travels.	169	MORPHOSPECIES).	Selenium-Rich	Mushrooms	Cleaning	Substrates	A	Note	on	Safety	It	Depends	Can	I	Reuse	the	Water?	Comprising	approximately	10%	of	all	seed	plants,	orchids	outnumber	birds	2:1	and	mammals	4:1.	These	are	the	ectomycorrhizal
species,	many	of	which	form	edible	and	medicinal	mushrooms	or	truffles.	568	ONE	HYPHA:	One	finger	is	raised	to	signal	that	a	member	wishes	to	be	added	to	the	stack	of	people	waiting	to	speak.	Of	the	15	billion	metric	tons	(Gt)	of	total	fungal	biomass	estimated	on	Earth,	about	5	Gt	is	made	of	carbon.	Laccaria	laccata	can	reduce	diseases	caused	by
Fusarium	oxysporum	in	Pseudotsuga	menziesii,	Picea	abies,	and	P.	Working	with	my	friend	Maya	Elson,	these	initial	concepts	were	further	elaborated	upon	until,	in	2008,	I	put	them	down	in	a	self-published	zine,	or	booklet,	entitled	Radical	Mycology.	In	essence,	mycelium	is	a	mass	of	identical	stem	cells	with	the	ability	to	continually	adjust	to	a
variety	of	conditions.	Summarize	conclusions	in	a	succinct	proposal	and	test	for	consensus.	The	bodies	of	insects	seem	especially	replete	with	an	"extraordinarily	widespread	and	fantastically	complex"92	assembly	of	yeasts	(primarily	Saccharomycetes	spp.)	and	"yeast-like	endosymbionts"	(YLSs)	that	seem	more	closely	related	to	filamentous
Ascomycetes	than	true	yeasts.	Stage	3:	Preparing	and	Inoculating	Fruiting	Substrates	On	Sourcing	Hardwood	On	Sourcing	and	Using	Soft	Wood	No-Tech	Kits	Fruiting	With	the	Seasons	Planning	and	Scheduling	Coffee	and	Cardboard	as	Substrates:	Food-Medicine	for	Low	to	No	Dough	The	Fungi	in	Compost	The	Cobweb	Mold	of	Casing	Layers	Stage
4:	Fruiting	The	Fruiting	Room	of	Fungi	Ally	Dual	Function	Timers	PFTek	What	Do	I	Do	With	Myceliated	Substrates	When	They	Stop	Fruiting?	A	major	branch	on	the	web	of	life,	the	Mycetae	hosts	seven	recognized	phyla.	29	Further,	as	the	majority	of	Prototaxites	specimens	are	made	of	three	types	of	interwoven	hyphae	(diameter	:E	w	~	al	0	w	a:	<	~
::>	Cl.	0	0..	The	conidiospores	of	the	fungi	are	grown	in	a	liquid	media,	harvested,	and	sprayed	onto	the	insects.	out-grow.	Often	these	various	structures	must	form	on	different	plants.	And	it	is	also	a	necrotroph	that	girdles	and	kills	many	commercially	cultivated	trees,	including	timber	crops	of	Douglas-fir	and	western	hemlock	(Tsuga	heterophylla).
In	grasslands,	they	may	increase	plant	diversity	by	up	to	30%.	The	monoculturing	of	these	and	other	crops	effectively	attempts	to	control	Nature	by	exhibiting	one	outcome	of	the	reductionist	framework	in	which	the	value	of	the	natural	world	is	described	not	in	terms	of	beauty	and	integrity	but	of	board	length	and	bottom	lines.	Mycorrhizal	fungi	can
also	indirectly	suppress	pathogens	by	competing	for	nutrients	(e.g.	with	the	production	of	chelating	siderophores),	by	influencing	the	plant's	production	of	its	own	endogenous	defense	mechanisms6	(e.g.	by	increasing	the	root's	production	oflignin7	),	and/or	by	stimulating	the	growth	of	other	beneficial	microbes.	Also,	many	species	do	not	have
common	names,	leaving	the	Latin	name	as	the	only	option.	Unlike	endomycorrhizal	fungi,	ECM	do	not	penetrate	the	walls	of	root	cells,	though	they	may	completely	sheath	whole	cells	within	the	root.	Well-known	examples	of	this	trickery	are	found	with	wild	European	orchids	called	helleborines.	In	general,	hyphae	are	less	attracted	to	nutrients	than
they	are	to	the	volatile	compounds	associated	with	their	preferred	substrates.	Acceptance	of	the	reductionist	model	has	become	so	fundamental	to	modernity	that	its	vast	influence	is	largely	invisible-a	form	of	conditioning	that	hides	in	plain	sight.	Because	the	vesicles	may	contain	chitin-building	materials,	they	may	be	referred	to	as	chitosomes.	This
carbon	goes	on	to	feed	endophytes,	sustain	orchids	and	other	achlorophyllous	plants,	and	produces	truffles	that	are	eaten	by	small	animals.	A	small	percentage	of	Ascomycetes	are	yeasts;	the	rest	form	mycelium.	•	Describe	a	detail	or	change	in	the	polluted	area.	Many	fungi	exhibit	a	wide	variety	of	forms	and	colorations	in	some	features,	making	it
difficult	to	delineate	where	to	draw	a	line	between	one	species	and	the	next.	Its	sclerotia	survive	through	the	dry	season	and	germinate	after	the	first	rain	to	kill	seedlings.	In	other	words,	the	pressure,	circulation,	and	electrical	charge	that	drive	mycelial	growth	and	communication	is	the	product	of	the	water	that	makes	up	the	bulk	of	the	fungus.	The
term	"consensus"	can	be	amended	to	meet	the	decision-making	quota	your	group	has	agreed	to	observe.	The	dikaryotic	mycelium	continues	to	grow	until	it	runs	out	of	food	or	space	or	if	other	environmental	signals	trigger	the	formation	of	a	mushroom	(e.g.	a	change	in	temperature	or	humidity).	For	example,	Pisolithus	tinctorius	and	Thelephora
terrestris	are	antiparasitic	against	the	root	pathogen	Phytophthora	cinnamomi	on	Pinus	spp.	We	are	one	entity	with	many	minds.	From	this	sheath,	the	fungus	penetrates	the	epidermal	root	cells	with	a	hyphal	"peg:'	These	pegs	seem	to	be	a	primary	source	of	nutrient	exchange	as	they	will	swell	and	burst	inside	of	the	root	cells,	releasing	cellular
contents	into	the	plant.	Prototaxites	existed	for	about	70	million	years	(i.e.	until	around	350	mya),	more	than	three	times	as	long	as	the	genus	Homo	has	existed.	BIOTROPHS	The	biotrophic	vocal	fungi	feed	on	the	living	tissue	of	organisms	but	do	not	kill	their	host.	When	the	Adapting	to	Break	Down	Compounds	chart	indicator	moves	into	the	finish
consuming	the	pollutants	box,	we've	completed	the	game!	We've	won!	The	ingredients	that	were	long	ago	taken	from	the	Earth	and	made	incomprehensible	to	it	have	once	again	been	translated	into	something	the	Earth	can	use,	recycle,	and	embrace.	These	are	not	real	divisions	of	the	Earth,	they	are	spheres	of	influence	inhabited	by	academic
scientists.	The	genus	Phytophthora	("plant	destroyer")	is	notable	for	its	100+	species	that	infect	a	variety	of	crops.	Thank	you,	fungi.	As	human	cultures	arose	and	developed	in	this	short	period,	the	wise	and	elder	fungi	led	the	way.	Undoubtedly	mistakes	will	be	made	along	the	way,	but	by	trying	new	models	and	learning-by-doing,	one	may	discover
solutions	hiding	where	they	were	least	expected.	In	other	instances,	the	proliferation	of	aggressive	fungi	may	be	attributable	to	the	fact	that	humans	no	longer	steward	and	tend	the	wild	as	many	Indigenous	societies	have	for	generations.	Editors:	Em	Stinson,	Gary	Montgomery,	and	Marina	Valentina.	Common	species	are	found	in	the	Oomycota
Pythium	and	Ascomycota	Fusarium	genera.	Anti-oppression	trainings	(offered	by	many	organizations	online	and	in	most	cities)	help	increase	awareness	around	what	may	be	invisible	and	unhealthy	group	dynamics.	To	further	complicate	the	issue,	the	same	species	can	have	two	different	names	depending	on	which	of	these	states	it	is	in.	WHY
COULDN'T	THE	BOLETE	REPRODUCE?	In	general,	deep-sea	sediment	tends	to	have	a	low	amount	of	fungal	diversity,	while	Ascomycetes	and	Basidiomycetes	tend	to	predominate	in	the	oceans	as	a	whole,	with	pink	Basidiomycete	yeasts	being	the	most	common	isolate.	"'	.....	It	is	the	wheel	of	time	turning	endlessly	around	the	single	moment	and	the
center	of	the	eye	that	sees	it	all.	Downy	Mildew	(not	true	fungi,	Oomycota).	In	exchange	for	this	oxygen,	these	microbes	provide	their	plant	partner	with	a	constant	supply	of	nitrogen.	International	Commission	on	the	Taxonomy	of	Fungi	An	organization	working	to	promote	the	science	of	robust	fungal	taxonomy.	Each	spore	is	tied	to	a	fungi	ability
represented	in	one	of	the	spore	lists.	FIND	THE	HuMuNGous	FuNGIJS	44°	28'	34.21"	N	118°	29'	5.17"	w	50	These	vocal	fungi	are	the	most	closely	associated	with	death	as	they	invade	and	ultimately	kill	living	organisms.	Species	long	considered	closely	related	due	to	their	similar	morphologies	are	now	said	to	be	distant	relatives.	With	the	lignin
degraded,	much	of	the	plant	cellulose	is	left	behind,	giving	the	material	a	white	appearance	and	little	structural	integrity.	For	instance,	though	fungi	do	not	photosynthesize,	many	species	will	grow	toward	light	(an	effect	known	as	phototropism	38	),	while	others	need	some	amount	of	light	to	initiate	fruiting.	All	of	these	mushrooms	contain	the	thin-
walled,	septate	generative	hyphae	that	may	or	may	not	host	clamp	connections.	Pollack	has	demonstrated	this	effect	with	tiny	Nafion	tubes	which,	when	placed	in	water,	create	a	perpetual	flow	of	water	through	the	tube,	despite	no	energy	inputs	beyond	those	from	the	environment.	114	About	20	million	years	ago,	a	few	ant	species	in	the	genus
Cyphomyrmex	began	cultivating	a	distinct	clade	of	unusual	fungi	in	the	Agaricales	that	grow	as	mycelia	in	the	wild	but	as	yeasts	when	tended	by	ants.	53	The	most	common	theories	assume	one	of	the	following:	lOem	The	hyphal	tip	is	continuously	being	dissolved	and	rebuilt	by	the	Spitzenkorper,	an	•organelle-like"	cloud	of	unknown	compounds.
When	a	culture	becomes	fragmented,	the	potential	develops	for	its	structure	to	be	reinterpreted	and	its	pieces	repositioned.	Everyone	in?	Various	resources	are	provide	for	free.	As	G.	Cultures	Alive	(Australia)	!forum	Free	discussion	forum	on	winemaking.	And	yet	their	significance	is	frequently	obscured	in	environmental	studies	by	the	more	apparent
impacts	of	animal	and	plant	habits	and	geological	shifts.	Through	their	digestive	abilities,	fungi	transform	these	nutrients	from	a	non-soluble,	or	"unavailable;'	form	into	a	water-soluble,	or	"available;'	form	that	plants	can	readily	take	up	into	their	tissue	and	metabolize.	To	talk	of	any	ecology	or	its	protection	is	to	speak	of	soil,	so	precious	is	its
connection	to	the	web	of	life.	Humus	takes	such	a	long	time	to	accumulate	that	it	may	only	reach	a	depth	of	one	meter	in	an	old	growth	forest,	while	it	is	often	only	an	inch	or	two	deep	in	developed	areas.	lanaturaleza.	572	RADICAL	MYCOLOGY	Index	of	Fungi	A	fungal	database	maintained	by	the	U.S.	Department	of	Agriculture,	Agricultural	Research
Service	(USDA,	ARS).	105	Their	three	primary	means	of	killing	nematodes	are	parasitizing	nematode	eggs	or	cysts,	capturing	the	insect	in	adhesive	or	netted	hyphae,	or	trapping	the	worms	in	constricting	or	non-constricting	rings.	A	single	2-foot	wide	Giant	Puffball	(Calvatia	gigantea)	may	contain	as	many	as	7	trillion	spores.	As	the	mycelium	moves
forward,	it	grows	apically	(i.e.	from	its	tip	or	apex).	Many	plants-and	even	individual	roots-may	host	multiple	types	of	mycorrhizae	simultaneously.	The	spores	harvested	in	the	final	pot	should	have	looked	and	acted	just	like	the	original	spore.	Combined,	these	techniques	offer	a	multitude	of	tools	for	enhancing	the	health,	diversity,	and	resilience	of
whole	biomes	for	present	and	future	generations.	22	Over	time,	the	algae	in	proto-lichens	grew	larger	and	more	complex,	eventually	turning	into	the	organisms	we	now	call	plants.	Affect	Human	Brains	On	your	turn,	select	a	spore	on	your	sheet	and	move	it	left	one	space	for	each	mark	on	its	edge,	then	follow	its	list:	photographs	oflightning.com	0	~
(I)	if	.	World	Federation	for	Culture	Collections	.	Female	bettongs	(rat-kangaroos)	may	even	produce	greater	lactation	as	a	result	of	increased	mycophagy	during	the	height	of	truffle	season	in	Australia.	If	so,	how,	where,	and	why	are	these	nuclei	spread?	95	Taking	their	relationship	with	fungi	one	step	further,	ambrosia	beetles	(ca.	Mycorrhizal	fungi
perform	a	number	of	roles	to	mitigate	these	impacts	and	eliminate	heavy	metals	from	the	soil.	On	"Bad	Trips"	The	Life	Cycle	of	Amanita	muscaria	Insects,	Mammals,	and	Psychedelics	Psychoactive	Fungi	and	the	War	on	Drugs	Psychoactive	Fungi	and	Culture	Know	Your	Rights	The	Varieties	of	"Shamanic"	Experiences	Santa	Claus	the	Mushroom
Psychoactive	Fungi	in	Symbolism	and	Myth	Mushrooms	and	Religion	Philosophy	and	Psychoactive	Mycology	By	Peter	Sjostedt-H	Psychedelics	in	the	201h	Century	Psilocin	Mushrooms	in	Mexican	Cultures	Psiloc(yb)in	in	the	21"	Century	Psychedelics	in	Perspective	Closing	Spores	379	382	388	388	390	392	393	395	398	403	404	407	408	409	411	412
413	413	415	418	423	424	429	432	433	436	437	443	Species	Profiles	NON-CAP	AND	STALK	CAP	AND	STALK	LICHENS	447	465	487	Appendices	A	ID	FORMS	B	ENDANGERED	FUNGI	c	FUNGAL	TOXINS	D	FUNGAL	DYES	AND	PAPER	E	MYCELIAL	HEALING	EXERCISES	By	Mara	Fae	Pen.fil	F	EQUIPMENT	LIST	G	CULTIVATION	PARAMETERS	H
MEDIA	COOKBOOK	I	CULTIVATION	TRACKING	FORMS	J	SUGGESTED	PROJECTS	K	WORKING	WITH	PSYCHOACTIVE	FUNGI	L	PSILOCIN	MUSHROOM	NICHES	M	FACILITATED	MYCOLOGY	N	ONLINE	RESOURCES	0	SALVAGE	By	Jackson	Tegu	p	MYCOJOKES	Q	LATIN	AND	GREEK	DERIVATIONS	Glossary	Bibliography	Endnotes	Image	Credits
Contributor	Biographies	Index	499	507	511	515	521	525	529	539	549	557	559	563	567	571	577	587	589	593	601	611	637	639	641	Introduction	TowARDA	RADICAL	MYCOLOGY	Humankind	has	not	woven	the	web	of	life.	As	the	growth	proceeds,	the	cultivator	constantly	influences	the	fungus,	while	being	influenced	by	the	fungus	in	return.



Responsible	for	over	90%	of	all	decomposition,	they	are	critical	in	the	redistribution	of	nutrients	throughout	the	world.	To	associate	fungi	with	death	and	define	them	as	decomposers	simply	because	some	of	their	primary	foods	are	dead	animal	and	plant	parts	is	to	ignore	the	fact	that	humans	kill	and	digest	the	same	organisms.	They	are	found	in	all
regions	of	the	world,	from	the	tropics,	to	Antarctica,	to	agricultural	sites.	The	artificial	and	unnatural	niches	that	humans	have	48	RADICAL	MYCOLOGY	crafted	have	been	favorable	to	the	spread	of	these	fungi.	ATs	also	ensure	that	the	interpersonal	dynamics	of	the	meeting	are	balanced.	This	book	is	the	summation	of	those	innumerable	discussions
and	projects.	Likewise,	I	thank	all	the	photographers	who	have	made	their	beautiful	images	in	this	book	available	to	the	creative	commons.	Much	of	this	is	released	from	wood,	which	only	fungi	are	capable	of	decomposing.	Simultaneous	nuclear	division	occurs	about	every	2-3	minutes.	The	Arbutoid	relationship	is	mainly	found	with	hardy	evergreen
shrubs	and	trees	in	the	plant	family	Arbutoideae.	10.	As	these	fungi	grow,	they	consume	the	tree's	heartwood,	which	is	not	actively	growing,	but	primarily	acts	as	a	storage	site	for	the	tree's	waste	products	that	cannot	be	expelled	through	its	leaves	or	roots.	The	EZ	in	the	tip	is	also	attracted	to	light,	helping	explain	the	phenomenon	of	phototropism.
97	It	has	also	been	suggested	that	alterations	of	the	gut	mycobiome	may	be	a	means	to	address	obesity.	As	many	researchers	have	posited,	it	can	therefore	only	be	concluded	that	fungi	were	the	first	eukaryotic	life	forms	on	the	planet.	Within	just	a	few	days	of	germinating,	a	2.5-centimeter	wide	mycelial	network	of	Penicillium	can	produce	over
400,000,000	conidiospores.	Sometimes,	blights	are	directly	attributed	to	the	importation	of	plants	that	are	not	adapted	to	the	fungal	forces	in	their	new	environment.	This	intraspecies	breeding	act	has	been	shown	to	occur	between	various	Glomus	species,	which	can	share	their	mycelial	contents,	bidirectionally,	at	a	flow	rate	of	two	millimeters	per
second.	iapt-taxon.	This	rather	tenacious	leveler	of	monocrops	causes	sugar	beet	root	rot,	cucumber	belly	rot,	bare	patch	of	cereals,	sheath	blight	of	rice,	and	black	scurf	on	potatoes.	This	group	includes	members	of	the	genera	Allescheria,	Graphium,	Monodictys,	Paecilomyces,	Papulospora,	Thielavia,	Daldina,	Hypoxylon,	and	Xylaria.	In	nature,	there
is	no	such	thing	as	waste.	European	Mycological	Association	Gen	Bank	An	association	overseeing	the	advancement	of	mycology	in	Europe.	.	Timeless.	Like	all	beings,	fungi	take	in	nutrients	and	transform	these	substances	into	new	compounds	that	other	species	use	to	survive.	Per	year,	fungal	decomposition	releases	around	85	Gt	of	C0	2	into	the
atmosphere,	providing	nearly	all	of	the	88	Gt	needed	by	the	world's	vegetation.	Rather,	a	mycorrhiza	is	the	singular,	symbiotic	partnership	of	the	two	beings.	These	two	groups	are	also	placed	in	the	subkingdom	Dikarya	as	they	host	species	that	contain	two	distinct	types	of	nuceli	for	a	significant	portion	of	their	life	cycle.	org	Owned	by	the
International	Mycological	Association,	Mycobank	documents	mycological	name	changes	and	associated	data,	such	as	descriptions	and	illustrations.	&"·	.;>	'	2	/	/\	Human	Population	and	Happiness	w	many	humans	•	•	•	•	•	•	•	•	•	•	•	•	•	•	•	•	•	•	•	•	•	•	•	•	•	almost	none	v	~	586	sickly	depressed	RADICAL	MYCOLOGY	•••••••••••••••••••••••
healthy	happy	v	Appendix	P	MYCOJOKES	WHAT	DID	THE	YOUNG	PUFFBALL	SAY	TO	THE	AN-	WHAT	WAS	MUSHROOM	JEsus's	OCCUPATION?	This	knowledge	inevitably	leads	to	the	realization	that	such	connectivity	is	not	only	commonplace	in	the	universe,	but	necessary	for	Nature	to	persist.	To	read	this	story,	the	soil	requires	us	to	examine	the
unknown,	to	seek	subtleties	in	expression,	and	to	uncover	complexity	through	a	blend	of	sharp	awareness	and	the	ability	to	wonder.	Structurally,	these	fungi	develop	a	thick	mantle	sheath	around	the	outside	of	the	cell,	an	extensive	network	of	hyphae	between	the	epidermal	and	cortical	cells	of	the	root	(known	as	a	Hartig	net),	and	intracellular	coils
in	the	outer	cortical	cells	of	plant	roots.	All	glomeromycotan	fungi	lack	these	cross	walls	entirely	(they	are	aseptate),	giving	them	the	appearance	of	non-constricted	and	well-connected	arteries.	Possessing	traits	and	abilities	not	found	amongst	plants,	animals,	or	other	microbes,	fungi	fill	unique	roles	in	the	stewardship	and	evolution	of	Earth.	It	may
very	well	be	that	in	order	for	bees	(and	other	insects)	to	best	survive	the	onslaught	of	infectious	agents	in	the	environment,	the	combined	support	of	fungal	endosymbionts	and	externally	sourced	fungal	compounds	is	required.	Paper	for	the	map	between	the	play	sheets.	Fomitopsis	piniCOLA!	WHICH	MUSHROOMS	ARE	BEST	AT	STAYING	UP	TO
DATE	ON	THE	FOREST	NEWS?	The	vesicles	sent	from	the	Spitzenkorper	are	thus	filled	with	chitin	and	glucans,	which	are	added	to	these	thinned	areas.	DSEs	are	found	worldwide	in	African	coastal	plains	and	lowlands,	some	tropical	ecosystems,	and	most	alpine,	sub-alpine,	temperate,	Antarctic,	and	Arctic	zones.	In	many	instances,	scientists	well-
versed	in	an	accepted	theory	will	reject	a	radically	new	paradigm-regardless	of	its	logical	or	empirical	validity-simply	because	the	new	model	goes	against	what	has	long	been	taught.	For	example,	AM	fungi	provide	much	of	the	phosphorus,	copper,	and	zinc	that	are	essential	for	nodulation	and	nitrogen	fixation.	Perhaps	earlier	societies	mimicked
these	purging	patterns	in	their	tending	of	their	environment,	recognizing	them	as	calls	for	increased	stewardship	and	attention	to	the	great	cycles.	6	Such	a	system	would	acknowledge	lichens,	which	are	currently	not	even	on	the	MOL	due	to	lichens	being	a	symbiosis	and	not	a	singular	organism.	Out-Grow	.	But	for	reasons	unknown	to	me,	the
geometry	of	fungi	was	never	examined,	despite	the	many	patterns	they	hold.	Provide	pamphlets	and	other	promotional	materials	for	free.	orglnalichens/index.php	A	gateway	to	data	resources	of	interest	to	the	lichen	taxonomic	and	environmental	research	community	in	North	America.	Through	the	mycelial	lens,	one	can	regain	the	ability	to	see	the
world	as	a	whole	derived	from	various	influences	and	perspectives-different	branches	in	the	network	assessing	hidden	bonds.	ECTO-ENDOMYCORRHIZAS	SEVERAL	SPECIES	IN	THE	AsCOMYCOTA	AND	BASIDIOMYCOTA.	Put	the	triangular	piece	with	the	Observe	Human	Behavior	symbol	(see	play	sheet)	in	the	center	square	of	the	Human
Population	and	Happiness	side	board.	76	Different	leaves	on	the	same	tree	may	have	quite	distinctive	assemblages	of	dozens	of	endophytic	fungi,	77	while	whole	plants	may	harbor	hundreds	of	different	species.	They	can	also	share	root	space	with	AM	and	ectomycorrhizae	in	trees	from	the	Pinaceae.	The	Spiral	of	Succession	Ecosystems	pulse	along
hyphal	forces,	moving	into	increasingly	complex	and	dynamic	arrangements.	To	my	surprise,	I	found	during	the	writing	process	that	in	order	to	fully	reflect	the	array	of	cultural	intersections	that	fungi	form,	connections	needed	PREFACE	VII	to	be	drawn	between	mycology	and	a	variety	of	other	fields-from	ecology,	to	history,	to	sociology.	This
information	is	provided	for	educational	purposes	only.	),	phi	underlies	the	proportions	of	the	human	face,	ant	bodies,	and	the	codon	frequency	ofDNA,7	5	to	name	but	a	few	examples.	These	single	cells	are	launched	from	their	substrate	with	a	force	of	over	20,000	Gs	to	land	an	impressive	2	meters	away.	This	release	of	acids,	along	with	C0	2	,	also
helps	reduce	the	proton	pressure	in	the	mycelium.	I	couldn't	have	been	more	wrong.	And	as	one	becomes	increasingly	affirmed	in	a	singular	mode	of	thinking,	they	also	tend	to	become	decreasingly	tolerant	of	alternative	perspectives,	an	inverse	relationship	that	is	inherently	self-limiting	to	one's	intellectual	freedom.	It	is	generally	assumed	that	the
first	cell	was	a	simple	prokaryote	(bacterium),3	though	some	researchers	suggest	that	bacteria	actually	descended	from	the	more	complex	cells	of	eukaryotes.	54	RADICAL	MYCOLOGY	Brown	Rot	Fungi	(ca.	9	Indeed,	the	oceans	may	hold	the	keys	to	understanding	the	historical	and	ecological	origins	of	fungi.	Honey	Mushrooms	(Armilaria	spp.)	form
very	thick	and	dark	rhizomorphs	that,	at	up	to	four	millimeters	or	around	4,000	mycelial	strands	thick,	look	like	a	web	of	black	bootlaces	wrapped	around	a	log	or	tree	trunk.	Mycorrhiza	Network	.	Where	soils	remain	undisturbed,	these	partnerships	do	not	remain	limited	to	combinations	of	one	or	multiple	fungal	species	and	a	singular	plant.
Interestingly,	samples	tended	to	predominate	in	either	species	from	the	Ascomycota	or	Basiodiomycota,	but	rarely	in	an	even	mix	of	the	two.	High	populations	of	Candida	were	positively	correlated	with	the	consumption	of	carbohydrates,	while	their	low	occurrence	related	to	diets	high	in	proteins	and	fatty	acids.	On	all	continents	except	Antarctica,
AM	fungi	are	found	inhabiting	grasslands,	forests,	deserts,	aquatic	environments,	salt	marshes,	and	most	other	ecosystems.	In	comparison,	modern	humans	would	have	only	existed	for	one	second.	Today,	organisms	are	placed	into	the	Myceteae	if	they	retain	several	specific	characteristics,	as	detailed	in	The	Fungal	Features	and	Forms.	As
mycorrhizal	fungi	are	able	to	tolerate	lower	water	levels	than	most	plants,	these	species	can	reduce	a	plant's	dependency	on	constant	water	access,	thereby	reducing	the	drought	stress	that	would	otherwise	cause	non-mycorrhizal	plants	to	wilt	and	die.	In	septate	fungi,	this	often	occurs	just	behind	a	cross	wall.	45	Disturbances	to	the	electrical	field	on
one	end	of	a	network	have	been	shown	to	affect	the	other	end	of	the	web.	One	of	the	partners	forms	a	single-celled	sexual	structure	known	as	the	"female"	ascogonium,	while	the	other	forms	a	"male"	antheridium.	It	is	a	controlled	act	that	precisely	places	each	vesicle	evenly	across	the	four	dimensions	of	hyphal	space	and	time.	Many	older	textbooks
place	fungi	without	a	sexual	stage	(sometimes	poorly	referred	to	as	Fungi	Imperfecti)	into	the	phylum	Deuteromycetes,	a	grouping	that	is	no	longer	recognized.	That's	when	something	from	earlier	in	the	story	comes	back	again.	The	following	are	the	four	classes	of	endophytic	fungi	that	are	currently	recognized.	What	it	builds,	it	can	also	take	away.
Saccharomyces	Genome	Database	Mushroom	Expert	A	comprehensive	database	on	all	things	related	to	the	genetics	of	Saccharomyces	cerevisiae.	All	things	connect.	Include	a	printable	quote	from	an	attendee	and	a	few	high	quality	photographs.	It	is	highly	likely	that	fungi	are	central	in	the	decomposition	of	organic	matter	in	marine	systems,	and
providing	essential	vitamins,	sterols,	and	amino	acids	such	as	lysine	and	methionine.	This	double-checking	amongst	citizen	scientists	is	needed,	for	if	a	given	conclusion	is	not	holistic	in	its	analysis,	it	may	be	used	to	justify	public	and	private	policies	with	unforeseen	and	potentially	detrimental	effects.	Similar	to	how	genetics	get	rearranged	in	the
development	of	each	animal	sperm,	each	sexually	produced	spore	is	a	unique	expression	of	its	parent	mushroom	and	also	quite	different	than	the	majority	of	its	sibling.	They	are	the	creators	of	morphogenic	designs	and	the	increased	complexity	that	results	in	the	heightened	resilience	of	otherwise	tenuous	arrangements	amongst	plants,	animals,	and
microbes.	Some	endophytes	may	also	express	multiple	life	cycles,	such	as	living	primarily	as	asympFUNGI	BEING	43	tomatic	mycelium	and	then,	under	certain	conditions,	forming	a	teleomorph	that	can	form	fruit	bodies.	10	The	arbuscule	was	long	thought	to	be	the	sole	site	of	nutrient	exchange,	however	it	is	also	possible	that	intercellular	hyphae
and/or	coils	could	also	absorb	nutrients	from	the	plant.	Leucanicillium	lecanii	is	one	of	the	most	effective,	though	Beauveria	bassiana	(e.g.	strain	GHA	or	strain	ATCC	74040)	is	still	used	to	kill	white	flies,	ants,	grasshoppers,	(Top	/eh)	A	Beauveria	species	strikes	again.	Other	mycologists	suggest	that	the	Glomero12	RADICAL	MYCOLOGY	mycota	are
fundamentally	different	from	other	fungi,	or	even	other	eukaryotes.	However,	the	various	influences	of	mycorrhizal	fungi	on	this	symbiosis	have	largely	been	underrepresented.	Once	the	fruit	body	is	mature,	the	two	mycelia	begin	spore	production.	Thus,	as	those	in	the	west	never	hear,	learn,	think,	or	talk	about	fungi,	these	organisms	become
increasingly	easy	to	ignore	and	buried	beneath	layers	of	maligned	mystery.	Though	mycorrhizal	fungi	contribute	to	the	movement	of	nitrogen,	they	cannot	increase	its	quantity	in	the	soil.	While	it	is	notable	that	countries	such	as	China,	Mexico,	and	Brazil	are	contributing	a	significant	amount	of	contemporary	research	into	mycology,	the	majority	of
living	and	dried	fungal	reference	collections,	monographs,	reference	books,	and	key	databases	are	still	found	among	the	declining	mycological	institutions	of	North	America	and	Europe.	The	soil	is	the	bridge	that	links	the	largest	organisms	with	the	smallest	microbes,	just	as	the	air	we	exhale	is	endlessly	inspired	by	other	animals	and	plants.	109
Eventually	the	interior	support	of	the	tree	becomes	so	reduced	that	the	tree	falls	over,	leaving	its	hollow	snag	and	branches	to	serve	as	a	critical	habitat	for	a	myriad	of	wild	animals.	These	structures	are	not	alternate	tissues	or	organs,	but	assemblies	ofhyphal	threads.	Follow	up	with	the	press	to	connect	articles	to	the	group's	website.	But	considering
the	evidence	presented	thus	far,	it	is	my	belief	that	the	first	plant	cell	must	have	developed	when	an	ancient	fungus	took	a	cyanobacterium	inside	of	its	tissue.	•	Describe	the	effects	on	the	humans	who	consume	it.	To	the	ancient	Egyptians	and	their	students,	the	Greeks,	one	of	the	most	important	patterns	of	Nature	was	found	in	the	various
expressions	of	the	ratio	phi.	Some	species	cluster	hyphae	by	the	thousands	into	mycelial	cords	to	rapidly	shuttle	nutrients	across	long	distances	and	nutrient-poor	zones.	In	one-millionth	of	a	second	the	spore	is	ejected	with	a	velocity	of	one	meter	per	second,	comparable	to	a	human	moving	at	500	times	the	speed	of	sound.	You'll	need	a	large	blank
piece	of	paper	to	tape	into	the	middle	to	act	as	a	map	you'll	draw	together.	-DAVID	HOLMGREN	1	F	rom	the	depths	of	the	ocean,	to	the	frozen	cliffs	of	Antarctica,	to	the	rainforests	that	band	between	the	tropics,	fungi	are	found	in	complex	associations	with	all	the	world's	inhabitants.	>	0	I	I	~	~	Ii\	::J	~	()'q	.....	For	example,	Phialocephala	fortinii
associates	with	plants	from	the	Pinaceae,	Cyperaceae,	Ericaceae,	Salicaceae,	and	Rosaceae	families.	27	And	that's	if	one	considers	the	Glomeromycota	to	even	be	true	species.	In	dense	forests,	mycorrhizal	fungi	have	been	shown	to	carry	sugars	produced	by	elder	trees	to	seedlings	that	would	otherwise	die	in	the	dense	shade	of	the	understory.	~	Jil	?
W	G.	To	advance	any	social	movement,	an	under-	PREF/GURATIVE	POLmcs:	Modes	of	organization	and	social	relationships	that	strive	to	reflect	the	future	society	being	sought	by	the	group.	118	Apart	from	these	true	fungi,	this	animal's	only	other	main	food	source	is	a	fruticose	lichen.	Two	compatible	mycelial	networks	encounter	each	other	and	fuse
together	in	a	process	known	as	anastomosis.	Species	of	non-leaf-cutting	("higher	attine")	ants	in	the	genera	Sericomyrmex	and	Trachymyrmex	cultivate	fungi	that	are	not	found	outside	the	ant	nest.	7.	52	This	adaptation	also	extends	to	the	fungus'	plant	partner.	The	annual	weight	of	basidiospores	released	around	the	world	may	equal	17	megatons,	or
as	much	as	100,000	blue	whales.	Now	fused,	the	two	primary	mycelia	swap	their	intercellular	fluids	and	nuceli,	forming	a	network	of	secondary	mycelium	that	is	dikaryotic	(i.e.	containing	two	sets	of	nuclei).	Extend	the	Mycelial	Network	~	>(	You	grow	afruit	body	which	nourishes	and	heals	the	humans,	extending	and	improving	their	fives.	Some	ECM
species	produce	antibiotics	(e.g.	chloromycorrhiza	and	Mycorrhizine	A)	that	can	defend	against	pathogens.	com	Commercial	supplier	of	tibicos,	kefir,	kombucha,	tempeh,	and	koji	cultures.	115	Indeed,	the	application	of	mushroom	extracts	derived	from	macro	fungi,	such	as	those	discussed	in	Chapter	7,	have	been	argued	to	improve	the	immune
function	ofhoneybees.	This	is	not	a	constant	process:	there	is	a	pulse	to	it	similar	to	that	found	in	veins	and	arteries	and	that	is	demonstrated	by	species	across	phyla.	17	AM	have	been	shown	to	defend	against	many	root-infecting	pathogens,	such	as	various	Fusarium	fungal	species	and	Phytophthora	water	mold	species.	They	strengthen	symbiotic
harmonies	while	eliminating	the	discordant	imbalances	that	would	otherwise	drown	out	the	timeless	songs	of	Earth.	They	create	space	for	everyone	to	be	heard	and	included	in	tasks/projects.	It	is	currently	unknown	if	the	fungus	confers	protective	benefits	to	the	bee	during	this	incubation	period.	As	one	learns	to	see	innumerable	connections	in	the
world,	the	tools	for	addressing	complex	challenges	can	no	longer	be	placed	in	isolation,	just	as	perspectives	of	seemingly	opposing	forces	can	be	found	to	complement	one	another,	especially	when	both	seek	remedy	in	the	world.	To	overlook	the	hypha	in	its	singular	is	to	overlook	the	unlimited	potential	of	every	child,	each	being	shaped	by	the
guidance	of	its	environment.	Check	in	with	members	that	signed	up	for	tasks	at	prior	meetings.	4	RADICAL	MYCOLOGY	The	Fungal	Phyla	The	first	words	one	must	learn	in	the	language	of	mycology	are	the	names	of	the	fungal	phyla	and	the	descriptors	of	their	unique	qualities.	Other	species	travel	deeper	into	the	root's	structure	and	penetrate	the
walls	of	root	cells.	By	releasing	organic	acids	(e.g.	malic,	citric,	and	oxalic	acid)	and	by	uptaking	ammonium	ions	(NH/),	mycorrhizal	fungi	lower	soil	pH,	an	act	that	releases	soil	nutrients	like	iron	and	phosphorus	from	carbonate	complexes,	making	them	available	to	plants.	It	is	in	the	veined	patterns	of	rocks,	in	the	cracking	of	desert	mud,	in	the
breaks	oflightning	bolts	and	coastlines,	and	in	the	patterns	that	water	forms	as	it	runs	down	windowpanes.	After	being	dried	for	years,	mushrooms	of	Marasmius	oreades	can	be	rehydrated	and	readily	begin	cellular	respiration	and	the	production	of	spores.	5	In	recent	years,	astrobiologists	have	performed	numerous	experiments	proving	that
microbes,	fungal	spores,	molds,	and	lichens	can	survive	the	extreme	conditions	of	outer	space	as	well	as	crashing	on	a	planet	while	inside	of	a	comet.	•	•	•	•	•	•	•	•	56	RADICAL	MYCOLOGY	Around	8-10	million	years	ago,	leaf-cutter	ants	in	the	genera	Atta	and	Acromyrmex	began	cultivating	Leucoagaricus	gongylophorus,	a	fungal	species	that	is	now
entirely	dependent	on	the	ants	for	survival.	All	the	complexity	of	advanced	plants	and	animals	is	the	icing	on	the	cake	of	life	...	The	plants	involved	are	not	passive	to	their	fungal	partner,	nor	will	they	pair	with	just	any	fungal	species.	org	A	society	for	the	advancement	of	education,	research,	and	development	of	mycorrhizal	research.	Today,	this	reach
has	become	so	vast	that	fungi	comprise	the	largest	and	most	ancestral	group	of	eukaryotic	organisms	in	the	Mycelium	of	Life.	25	Most	cultivated	orchid	seedlings	are	not	inoculated	with	mycorrhizal	fungi	but	instead	are	initiated	on	nutrient-rich	media	with	equipment	and	techniques	similar	to	those	used	in	mushroom	cultivation	labs.	Where
reductionist	paradigms	divide	the	world	into	simplistic	parts,	fungal	systematics	remind	us	that	no	life	form	or	cycle	can	be	untangled	from	its	environment.	Maybe	you'll	choose	words	like	Oily,	White,	Dry,	Flaky,	Putrid,	or	Sweet.	3)	A	grassroots	movement	that	produces	and	distributes	accessible	mycological	and	fungal	cultivation	information	to
enhance	the	resilience	of	humans,	their	societies,	and	the	environments	they	touch.	Let	the	Human	Population	and	Happiness	chart	inform	your	descriptions	of	the	Observe	Human	Behavior	card	results.	The	vesicles	that	the	Spitzenkorper	releases	are	filled	with	compounds	that	break	the	sugars	and	chitin	molecules	in	the	cell	wall	apart.	s;()'q,g	n	-	~
~()'q	F	~	c;;·	~"9	~	tr1	"'	....	Though	this	may	seem	negative	in	the	short-term,	such	purging	may	ultimately	serve	to	benefit	the	long-term	health	of	the	environment	(e.g.	by	mitigating	the	spread	of	other	pathogens).	20	In	agricultural	sites	that	are	constantly	tilled,	heavy-sporing	Glomus	species	tend	to	dominate	as	they	do	not	rely	on	hyphal	spread
to	reach	new	plants	as	much	as	other	genera	of	AM	fungi.	How	To	READ	THIS	BooK	The	information	in	Radical	Mycology	builds	sequentially.	Such	actions	are	critical	to	the	continuance	of	all	life,	placing	fungi	at	(or	at	least	near)	the	center	of	any	discussion	on	microbes,	plants,	or	animals,	where	countless	intersections	are	found.	As	such,	I	find	it
surprising	that	more	orchid	farmers	have	not	picked	up	mushroom	cultivation,	and	vice	versa.	Soils	are	the	history	books	of	the	world	encoded	by	fungi,	microbes,	and	insects	into	each	chapter	of	leaf	and	rock.	To	begin,	one	must	go	farther	back	than	may	be	imagined.	Once	a	brood	cell	is	used,	it	is	disassembled	and	its	propolis	is	reused	to	build
other	cells,	effectively	distributing	the	mycelium	around	the	hive	and	even	to	new	hives.	Replete	throughout	these	and	other	fungal	forms	is	the	circle-the	most	perfect	2-D	shapeand	it's	twin	the	sphere,	the	most	elegant	of	the	three-dimensional	forms.	STACK	KEEPER	(OPTIONAL)	This	person	keeps	track	of	the	order	of	who	wants	to	talk.	RADICAL
MYCOLOGY:	1)	A	social	philosophy	that	describes	cultural	phenomena	through	a	framework	inspired	by	the	unique	qualities	offungal	biology	and	ecology.	If	you	are	not	sure	which	species	is	being	referred	to,	check	the	species	listed	in	Appendix	G	and	in	the	Species	Profiles	sections	to	find	its	binomial.	Hopefully,	these	groups	will	be	given	a	proper
position	in	coming	years.	•	Illustrate	that	detail	on	the	map,	abiding	the	rules	connected	to	the	Adapting	track.	Over-fertilized	plants	may	be	discouraged	from	forming	mycorrhizal	symbioses,	leading	to	a	loss	in	AM	diversity.	The	combination	of	these	three	features	is	unique	to	the	arbutoid	mycorrhiza.	But,	being	limited	in	mobility,	the	spore	is	at	the
mercy	of	the	forces	around	it.	Pieces	are	triangular.	Such	a	system	would	also	help	any	mycologist	understand	the	intimate	connections	that	a	fungus	forms	in	its	environment	simply	through	the	name	one	uses	to	identify	it.	Have	hyphal	branches	(sub	groups)	report	back	on	their	respective	projects,	ask	for	support,	or	express/	address	concerns.	42
Growing	hyphal	tips	produce	a	-200	m	V	inward	current,	43	which	may	be	due	in	part	to	the	strong	concentration	of	positively	charged	calcium	ions	(Ca2+)	located	at	the	apex.	In	the	globalized	culture	afforded	by	the	internet,	this	continuity	is	further	reinforced	by	the	coverage	and	acceptance	that	some	theories	obtain,	regardless	of	their	lack	of
rigor	or	potential	long-term	impacts	on	the	health	of	a	people	or	the	planet.	Such	is	the	way	of	mycelium.	And-similar	to	how	a	growing	crystal	or	glacier	expels	objects-as	this	negatively-charged	zone	of	water	expands,	it	excludes	compounds	at	least	as	small	as	100	Da.	In	essence,	this	zone	is	comprised	of	(almost)	pure	water,	a	fact	underlying	the
name	Pollack	has	given	it:	the	Exclusion	Zone,	or	EZ.	62	This	effect	is	en	hanced	by	the	negative	current	produced	by	the	apex's	calcium	gradient.	Found	in	DNA,	vitamins,	proteins,	and	the	enzymes	that	fuel	biological	and	ecological	processes,	nitrogen	is	one	of	the	most	important	elements	in	living	systems.	We	are	but	one	thread	within	it.	over	100
µm	in	diameter.	As	seen	in	timelapse	videos	of	growing	mycelium,	the	cytoplasm,	nuclei,	and	other	cellular	contents	of	fungi	rapidly	stream	in	both	directions	throughout	a	living	network.	Send	a	follow	up	press	release.	Affect	Human	Bodies	You	grow	afruit	body	which	contains	an	aphrodisiac,	so	the	humans	procreate	readily.	Around	0.4-1	billion
years	later,	cell-based	life	arose.	We	don't	need	to	read	them	now	but	we	can	look	at	them	if	we	like.	The	Glomermycota	are	not	just	a	group	of	ancient	species	that	has	survived	the	trials	of	extinction	and	evolution.	This	difference	can	be	used	to	illuminate	small	light	bulbs.	The	fungi	help	the	plant	uptake	phosphorus,	which	in	turn	is	provided	to	the
rhizobia	to	create	the	nitrogenase	enzyme	that	fixes	nitrogen.	The	cultivation	of	mycorrhizal	fungi	is	discussed	in	Chapter	9	and	their	application	in	remediation	strategies	is	covered	in	Chapter	10.	The	ants	feed	the	fungus	pieces	ofleaves	and	other	organic	material	in	underground	nests,	and	the	resultant	mycelial	mass	is	eaten	by	the	insects.
mycosupply.	Woodlands	can	host	1-5	spores	per	gram	of	soil	and	agricultural	sites	may	have	9-89	spores	per	gram	of	soil.	As	needed,	ATs	actively	request	that	the	more	outspoken	members	respect	the	group	by	talking	less	so	that	the	quieter	members	feel	that	they	have	space	to	speak	up.	Huitlacoche	(	Ustilago	maydis)	replaces	kernels	in	corn	and
teosinte	species	(Zea	spp.)	with	savory	masses	that	are	eaten	as	a	delicacy	in	Mexico.	As	a	plant	ages,	it	may	disassociate	from	a	fungal	partner	and	start	partnering	with	another.	The	monotropoid	relationship	is	often	described	as	a	form	of	"mycoparasitism''	through	which	the	achlorophyllous	plant	robs	the	fungus-and,	by	extension,	the	second	plant-
of	nourishment.	60	Likewise,	this	fourth	phase	of	water	can	also	explain	the	many	mysteries	of	fungal	growth	noted	above.	Estrogen	and	other	female	steroid	hormones	inhibit	these	fungi,	reducing	their	presentation	in	women	by	10-fold	when	compared	to	men.	14	Research	suggests	that	its	underlying	mechanisms	of	symbiosis	may	have	even	led	to
the	development	of	the	AM	symbiosis.	A	great	resource	for	lichenologists	in	California.	In	2014,	the	Radical	Mycology	Collective	toured	North	America	to	share	mycological	knowledge	and	skills	with	over	40	artist	and	activist	groups	and	to	demonstrate	how	mycology	can	support	all	aspects	of	life.	If	you	consider	mushrooms	as	merely	a	means	for
spreading	spores,	as	many	mycologists	argue,	it	must	also	be	admitted	that	they	are	some	of	the	most	complicated	structures	used	for	procreation.	POINT	OF	ANASTOMOSIS:	This	signal	is	used	when	the	meeting	is	going	off	topic,	if	tensions	are	rising,	or	if	group	dynamics	are	otherwise	affecting	a	smooth	meeting	process	and	need	to	be	addressed.
org!lichenair	Information	on	lichens	and	lichen	biomonitoring.	This	adaption	process	can	be	repeated	for	as	long	as	the	basic	fungal	needs	(e.g.	food,	air,	warmth)	are	provided,	a	fact	that	lies	at	the	heart	of	fungal	cultivation	practices.	We	can	opt	to	look	at	them	now,	or	wait	for	them	to	be	explained	before	doing	so.	WHERE	TO	LOOK?	mycelia.	As
dense	balls	of	mycelium,	sclerotia	look	similar	to	truffles.	Using	pencils,	write	all	those	words	crisscrossed	over	one	another	in	the	middle	of	the	blank	map.	The	spore	of	Fibrillanosema,	a	species	in	the	Microsporidia.	Monocrops	produce	a	lack	of	diversity	and	a	subsequent	opening	in	the	habitat,	a	niche	through	which	fungi	can	enter,	cause	a
disturbance,	and	ultimately	help	reset	the	scales	on	the	local	plant	population.	Named	after	their	rust-colored	uredospores,	these	diverse	fungi	often	require	multiple	plant	hosts	to	complete	their	highly	complex	lifecycle.	cornell.	Common	explanations	for	this	pressure	suggest	it	is	caused	by	water	and	nutrients	streaming	into	the	mycelium	due	to
osmosis.	As	the	hypha	grows	through	its	environment	it	seeks	out	water	and	food.	com/suppliers	An	international	kefir	grains	sharing	community.	net	A	multi-authored,	distributed	internet	project	containing	information	about	lichen	phylogeny	and	biodiversity.	2)	A	mycocentric	analysis	of	ecological	relationships.	org.	Refined,	lab-based	practices
developed	less	than	100	years	ago,	and	some	of	the	advances	in	kitchen-based	cultivation	described	in	Radical	Mycology	are	less	than	a	decade	old.	Whatever	we	do	to	the	web,	we	do	to	ourselves.	Soil	yeasts	offer	a	significant	contribution	to	nutrient	cycles	and	also	provide	a	food	source	for	other	microbes	and	insects,	yet	to	date	they	have	received
limited	attention	by	ecologists	or	mycologists.	However,	a	study	from	1998	demonstrated	that	Shiitake	mushrooms	and	several	other	wood-rotting	fungi	can	support	the	development	of	achlorophyllous	orchids	in	the	genus	Erythrorchis.26	Other	such	beneficial	mushroom-orchid	relationships	have	likely	yet	to	be	discovered,	a	promising	venture
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5;	cc	:Ji	;;;	;s	g	"'	0s	"30-	""	c30	"·;:;	"v;·~	"02	2~	3	~:E	APPENDIX	L:	PSILOCIN	MUSHROOM	NICHES	565	566	RADICAL	MYCOLOGY	Appendix	M	FACILITATED	MYCOLOGY	The	following	are	several	additional	skills	that	can	help	facilitate	a	smooth	and	functional	meeting	for	groups.	Let's	work	together,	making	sure	everyone	is	involved.	During	that
time,	these	stewards	of	knowledge	have	significantly	helped	maintain	public	interest	in	mycology	amongst	westerners,	while	also	spawning	generations	of	committed	field	mycologists.	As	noted,	some	ECM	fungi	can	also	form	arbutoid	and	monotropoid	associations.	Therefore,	the	name	of	a	fungus	can	be	used	to	guess	the	history	of	its	ancestors	and
the	knowledge	it	has	inherited	along	the	way,	much	like	a	humans	family	tree.	Almost	all	of	the	fungi	that	form	a	lichen,	endophytic	symbiosis,	or	ericoid	mycorrhiza	(relationships	detailed	in	coming	chapters)	are	Ascomycetes,	as	are	those	applied	in	the	production	of	beer,	bread,	many	industrial	enzymes,	and	a	number	of	culturally	important
fermented	foods.	The	pieces	on	the	side	boards	are	moved	as	a	result	of	the	spore	lists	and	circle	lists.	CHAOS	FUNGORUM	17	1.	The	following	is	a	typical	life	cycle	of	a	mushroom-forming	Basidiomycete:	1.	The	third	type	is	the	thick-walled	and	frequently	branched	binding	hyphae.	At	the	same	time,	the	binding	action	of	glomalin,	hyphae,	and	plant
roots	reduces	erosion	and	topsoil	loss.	Infrared	energy-such	as	that	emitted	by	living	beings,	the	center	of	the	Earth,	or	most	any	physical	object	in	our	daily	lives-produces	the	strongest	EZ	buildup.	Some	species	spread	an	incredible	number	of	spores.	Dracula	orchids	(ca.	Though	some	of	these	new	models	may	come	from	well-intentioned	scientists
and	policy	makers,	others	may	be	devised	by	commercial	ventures	seeking	to	replace	the	fading	customs	with	an	imposed	culture	based	on	consumerism	and	the	unsustainable	extraction	of	natural	resources.	Someone	now	draws	a	small	forest	on	the	map,	about	an	inch	across,	adjacent	to	the	pollution.	•	Illustrate	this	human	experience	on	the	map.
Unlike	what	would	be	assumed	for	other	eukaryotes,	growth	vesicles	do	not	arrive	at	the	apex	from	the	compound-sorting	Golgi	Apparatus.	Fungal	Valhalla	.	These	nutrient	packets	(Nature's	"spore	bombs")	subsequently	rain	down	balls	of	yeast,	nitrogen-fixing	bacteria,	mycorrhizal	spores,	and	nutrients.	Use	your	worn	play	sheets	with	pridewith
every	instance	of	play	they'll	feel	more	authentically	postcollapse!	Listen	Carefully	The	things	the	other	players	are	adding	to	the	story	are	the	building	blocks	you'll	be	using	when	it	comes	to	your	turn,	so	pay	attention.	In	one	study,	such	epigenetic	changes	were	observed	in	a	glomeromycotan	fungus	over	the	course	of	only	a	few	months.	The	more
we	probe,	the	more	puzzles	come	up.	In	harsh	habitats	such	as	tundras,	ericoid	mycorrizae	are	central	to	the	ecological	web	of	the	whole	environment.	In	the	great	Dust	Bowl	of	the	Depression	era,	farmers	were	devastated	to	find	that,	after	decades	of	working	the	vast	plains	across	the	Mid	West,	the	soil	beneath	their	feet	was	drying	up	and	blowing
away.	It	is	only	through	the	interactions	of	the	various	subset	systems	of	the	world	(the	"sciences")	that	the	reality	we	experience	expresses	itself	as	life.	The	establishment	and	support	of	mycorrhizal	fungi	are	critical	steps	that	are	needed	to	fully	regenerate	these	and	other	types	of	damaged	landscapes.	And	Pisolithus	tinctorius	can	tolerate	soil
FUNGI	BEING	35	temperatures	of	up	to	104°F	(40°C),	making	it	a	choice	partner	for	pine	trees	being	planted	in	hot	regions	and	near	slag	heaps.	com	Run	by	Michael	Wood,	this	site	includes	descriptions	of	over	400	species	and	nearly	5,000	photographs.	28	Around	25%	ofECM	form	underground	(hypogeous)	fruit	bodies	(e.g.	truffles	and	their	look-
alikes);	the	other	three-quarters	ofECM	form	aboveground	(epigeous)	mushrooms.	The	point	of	connection	between	the	two	organisms,	the	mycorrhiza,	is	not	defined	by	the	fungus	or	the	plant	that	the	fungus	inhabits.	These	cations	crowd	so	close	that	there	is	a	strong	repulsion	between	them,	resulting	in	a	pressure	and	subsequent	flow	in	the	liquid.
Where	wild	soils	remain	intact,	a	single	gram	of	Earth	may	contain	1,000-10,0000	fungal	propagules	and	a	mile	or	more	of	hyphae.	Between	asci	are	sterile	hyphal	tips	known	as	paraphyses.	Based	on	the	average	rate	of	genetic	mutations	(the	"genetic	clock"),	this	is	estimated	to	have	occurred	around	900	mya.17	However,	the	oldest	animal-like
fossils	are	only	around	635-542	million	years	old.	Ectomycorrhizal	root	tips	are	distinctly	knubby	and	white.	Let's	draw	it	in:	we'll	each	choose	a	word	to	describe	the	pollution	that	has	seeped	into	and	sat	on	the	ground	since	the	long-gone	human	civilization	left	it	here.	Enzyme	production	is	a	complex,	yet	central	process	to	all	of	life.	In	essence,	the
EZ	creates	a	free	form	of	energy	akin	to	photosynthesis;	it	is	a	"water	battery"	that	can	be	tapped	into	for	hours.	It	occurs	wherever	a	fluid	collides	into	another	of	greater	density,	just	as	when	Aether	pushes	into	matter.	org	A	project	working	to	interpret	the	latest	findings	of	fungal	genomics	to	best	understand	fungal	evolution.	The	robust	digestive
capacity	of	beetles	is	likely	to	be	attributed	to	the	hyperdiverse	abundance	of	yeasts	that	inhabit	the	guts	of	these	insects.	However,	the	large	size	of	some	ECM	mushrooms,	such	as	the	King	Bolete	(Boletus	edulis)	and	Matsutake	(Tricholoma	matsutake),	may	also	be	partially	attributable	to	saprotrophic	action.	WHAT	DO	YOU	CALL	SLIME-COVERED
TRAVELLERS	THAT	MOVE	IN	PACKS	AND	EAT	DEBRIS?	Commonly	known	as	the	Golden	Section	or	Golden	Cut	and	expressed	numerically	as	1.618	(033988	...	These	microbes	form	distinct	symbiotic	structures	on	plant	roots,	known	as	nodules,	inside	of	a	plant	membrane	called	a	symbiosome.	The	Gastronomic	Chytrids	Like	humans,	most	animals
cannot	digest	the	cellulose	that	makes	up	plant	cell	walls.	Hyphae,	spores,	yeasts,	and	many	mushrooms	all	exhibit	the	principle	of	dorsiventral	symmetry,	as	seen	in	animals.	Unlike	most	sciences,	mycology	is	XVIII	RADICAL	MYCOLOGY	one	of	the	few	fields	that	the	citizen	scientist	can	actively	contribute	to.	For	example,	it	cannot	fully	account	for
the	subtle	differences	between	fungal	species.	This	cud	is	then	regurgitated	into	the	cow's	mouth	where	it	is	further	chewed	and	then	swallowed	a	second	time	to	enter	the	animal's	true	stomach	(the	abomasum),	which	is	the	only	site	that	produces	endogenous	digestive	enzymes	(pepsin	and	rennin)	and	acid.	A	single	acre	in	an	aged	Douglas-fir
(Pseudotsuga	menziesii)	stand	can	contain	3,700	pounds	(1,680	kg)	of	mycelium	by	dry	weight	and	4,800	pounds	(2,180	kg)	of	mycorrhizal	rootlets.	A	similar	process	also	occurs	during	anastomosis.	The	greatest	research	into	fungal	sex	has	been	conducted	with	mushroom-forming	Basidiomycetes.	The	fungus	may	be	able	to	remain	in	this	state	for
decades,	only	to	later	be	reanimated	and	grow	with	the	same	degree	of	vigor	it	originally	held.	Indeed,	soils	store	more	carbon	than	plant	vegetation-much	of	this	is	held	in	fungal	mycelium.	TERMITES	AND	TERMITOMYCETES	Like	leaf-cutter	ants,	around	100	of	the	1,800	termite	species	(all	in	the	Macroterminitinae)	cultivate	and	consume	the
mycelium	offungi	in	their	nests.	General	Taxonomic	Online	Resources	Index	Nominum	Genericorum	(ING)	A	database	of	organism	names,	compiled	by	the	Smithsonian	Institute.	Shroomery	http:!Ishroomery.	To	get	to	the	other	pine!	10.	From	this	coating,	hyphae	travel	into	the	root	structure	to	form	a	dense	Hartig	net	between	the	root	cells.	Though
this	model	has	arguably	created	an	efficient,	assembly	line	style	approach	to	gathering	information,	it	has	largely	left	behind	the	importance	of	connecting	the	dots	that	each	field	uncovers.	Write	up	a	description	of	the	workshop	on	your	group's	website.	Though	ever	present	in	the	air	we	breathe	and	the	soil	beneath	our	feet,	these	fungi	only	tend	to
arise	and	forcefully	alter	their	environment	when	suitable	conditions	present	themselves.	As	each	egg	is	laid	in	its	brood	cell,	a	liquid	nutrient	is	regurgitated	by	a	mature	bee	into	the	chamber.	Rather,	she	is	witness	to	an	archetypal	expression	of	the	universe,	a	microcosm	of	life	that	can	be	viewed	up	close	and	in	real	time.	UV	light	will	kill	these
fungi.	Radiant	energy	from	the	environment	charges	the	water	inside	of	mycelium.	As	fungi,	we're	adept	at	breaking	down	compounds,	but	we	haven't	been	able	to	break	these	ones	down	yet.	Sound	fun?	The	mycelium	extends	at	the	tip	of	each	hypha.	ANTS	AND	LEUCOCOPRINEACEOUS	FUNGI	As	with	ambrosia	beetles	(seep.	When	chemical
elements	that	are	essential	to	life	(e.g.	nitrogen	or	carbon)	become	limited	or	unavailable	in	an	environment,	the	organisms	that	depend	on	them	will	not	be	able	to	grow.	The	fungi	transmute	inert	substances	into	nourishment,	channel	these	compounds	through	their	mycelial	networks	across	the	soil,	and	provide	them	to	whole	plant	communities	and
ultimately	to	the	entire	ecosystems	that	the	plants	inhabit.	The	USDA-ARS	Collection	of	Entomopathogenic	Fungal	Cultures	.	This	cytoplasmic	streaming,	or	cyclosis,	is	similar	to	how	blood	flows	in	our	arteries	and	veins	or	how	water	travels	through	plant	vasculature.	The	ericoid	symbiosis	forms	externally	as	a	loose	network	ofhyphae	around	the
outside	of	small	plant	roots.	2:HEARTROT	Heart	rot	fungi	grow	through	the	interior	of	living	trees,	but	do	not	consume	the	outer	cambium	layers	of	the	tree	that	keep	the	tree	alive.	In	summary,	the	Pollack	model	of	this	fourth	phase	is	as	follows:	RADICAL	MYCOLOGY	When	water	makes	contact	with	a	hydrophilic	surface	(such	as	the	interior	of	a
hyphal	cell	membrane),	a	negative	charge	is	built	up	along	a	zone	at	the	water-surface	interface.	This	relationship	is	formed	with	approximately	85-90%	of	all	plant	species	and	has	vast	ecological	significance.	Determine	a	press	contact	in	the	group	that	will	field	questions	or	interviews	from	the	press.	This	layer	of	fertile	tissue	where	spores	develop
and	disperse	is	known	as	the	hymenium.	Mushroom	culture.	As	in	Linnaeus'	time,	taxonomic	naming	is	largely	based	on	Latin	as	it	is	a	dead	language	and	thus	unlikely	to	change	in	coming	centuries.	To	mitigate	this	issue:	•	limit	blocking	to	issues	that	effect	the	group's	mission	or	are	potentially	disastrous	to	the	group.	CLEISTOTHECIUM:	Globose,
closed	fruit	bodies	with	no	special	opening	to	the	outside.	It	also	aids	in	removing	some	of	the	major	negative	impacts	currently	associated	with	industrial	food	production.	But,	as	this	integration	takes	time	in	cultures	that	are	consistently	segregated	from	the	natural	world,	such	reflections	can	only	begin	with	an	eagerness	to	become	like	the	fungi,	to
learn	their	histories,	to	work	with	them	with	respect,	and	to	weave	ourselves	into	the	vast	communities	they	endlessly	design	around	us.	Even	as	late	as	the	second	half	of	the	20'h	century,	biologists	saw	fungi	as	simple	plants	that	did	not	photosynthesize.	The	ecological	roles	of	fungi	are	primarily	emergent	properties	that	are	only	expressed	by	the
interplay	of	genes,	microbes,	plants,	animals,	and	environments-fungal	emergence	as	environmental	epigenetics.	Similar	Chytrid-dependent	relationships	are	found	in	over	50	animals.	Though	common	saprotrophs	in	the	soil,	these	fungi	become	serious	human	52	RADICAL	MYCOLOGY	pathogens	when	their	spores	are	inhaled.	This	is	not	always	an
easy	process	but,	as	when	overcoming	any	challenge,	often	results	in	many	unforeseen	and	far-reaching	positive	effects.	23	To	quote	the	paper	directly,	"Our	results	have	important	consequences	that	show	that,	depending	on	the	cultivation	method,	the	genetic	make-up	of	the	fungus	can	be	altered	significantly."	Adding	to	these	adaptive	traits	is	the
fact	that,	unlike	other	filamentous	fungi,	the	mycelium	of	different	species	in	the	Glomeromycota	can	fuse	together	and	exchange	their	hundreds	of	nuclei.	14	This	spore	dispersal	strategy	is	known	as	ballistospory	and	it	is	unique	to	the	Basidiomycota.	http:/Isl	58336089.	But	in	order	to	see	the	fungi	for	all	that	they	contain,	one	must	witness	them	as
a	child	does:	whole	and	unbound.	Cut	them	out,	bend	their	handle-points	up,	and	attach	a	little	ball	of	tape	to	the	back	of	each.	In	the	flow	of	carbon	through	a	healthy	forest,	this	centrality	of	fungi	is	incredibly	clear.	Growers	of	Psilocybe	mushrooms	commonly	witness	this	phenomenon.	THE	BLACK	Box	OF	So1L:	DEEPER	INSIGHTS	The	dynamics	of
the	mycorrhizosphere	are	perplexingly	innumerable.	The	spiral	is	seen	in	whirlpools	of	water,	the	phyllotaxis	of	leaves,	in	the	evolution	of	an	ecosystem	over	time,	and	in	the	movement	of	Earth	through	space.	This	relationship	has	numerous	other	effects.	6.	The	ascogonium	folds	over,	forming	a	crozier	hook	in	which	the	two	types	of	nuclei	fuse	and
divide	through	the	processes	of	meiosis	and	mitosis,	resulting	in	several	distinct,	offspring	nuclei.	For	example,	"we'll	each	pick	a	word,"	or	"we've	got	two	decks	of	cards."	The	word	"You"	refers	to	one	player	as	they	act	or	make	a	choice	individually.	The	cell	wall	at	the	tip	is	anchored	inside	the	cell	by	actin	filaments	or	similar	structures,	while	cell
membrane	proteins	modify	the	wall	structure.	Indeed,	to	even	question	its	infallibility	is	likely	to	receive	mockery	and	condemnation	from	people	within	and	outside	of	the	scientific	community.	When	plants	photosynthesize,	atmospheric	carbon	dioxide	once	expelled	by	animal	breaths	and	fungal	decomposition	is	converted	into	sucrose	and,	later,
hexose.	Printed	and	bound	in	the	United	States	of	America.	49	The	AM-produced	compounds	phytochelatin	and	glomalin	can	also	keep	heavy	metals	from	entering	plants.	Who	volunteers	to	take	the	first	turn?	Later,	the	learn-together	rules	will	call	for	the	components	to	be	put	on	the	table.	44	RADICAL	MYCOLOGY	Class3NC	Ascomycota	and
Basidiomycota.	(Bottom	/eh)	The	spore	cloud	of	Entornophthora	rnuscae	erupts	from	a	house	fly.	Fungal	Genomics,	Phylogenetics,	and	Taxonomy	Assembling	the	Fungal	Tree	of	Life	http:!I	aftol.	50	However,	though	AM	fungi	are	common	in	areas	polluted	by	mining,	51	data	on	the	glomalin	content	in	these	and	other	heavy	metal	contaminated	areas
is	extremely	scarce.	This	is	especially	common	when	new	findings	contradict	longstanding	models.	torontoadvisors.	They	are	the	earthly	womb	from	which	life	springs	and	the	dark	tomb	to	which	all	things	return.	3	The	mycoparastic	Trichoderma	species	are	highly	abundant	in	soils,	performing	a	critical	"check	and	balance"	function	amongst	soil
fungal	populations.	Everything	is	food	for	something	else,	connected	in	life	and	death	to	many	other	species.	During	this	process,	the	fungus	does	not	create	a	chain	of	discrete,	walled-off	cells,	as	one	might	expect.	http	:I/www.svims.ca/council	The	Pacific	Northwest	Key	Council	is	dedicated	to	the	creation	and	publication	of	field	keys	to	the	fungi	of
the	Pacific	Northwest.	hometrainingtools.	36	ECM	fungi	can	extract	phosphorus	and	potassium	from	rocks	with	the	use	of	oxalic	acid.	Some	DSEs	form	mycorrhiza-like	structures.	And	yet,	despite	their	vast	spread	and	seemingly	profound	ecological	importance,	they	remain	in	one	of	the	least	studied	of	all	fungal	niches.	Such	a	trend	threatens	many
other	naturalist-dependent	subjects,	including	mammalogy,	ornithology,	ichthyology,	herpetology,	entomology,	bryology,	and	taxonomy	of	vascular	plants.	The	greatest	contrast,	however,	is	found	between	the	intricate	and	structured	mushroom	and	the	asymmetric	mass	of	mycelia	from	which	it	is	born.	Collectively	referred	to	as	rhizobia,	nitrogen-
fixing	bacteria	are	found	in	the	gram-negative	genera	Azorhizobium,	Allorhizobium,	Bradyrhizobium,	Mezorhizobium,	Rhizobium,	and	Sinorhizobium.	Most	cultivated	mushrooms	are	the	product	of	a	single	dikaryotic	network.	80	They	are	commonly	found	in	boreal	and	temperate	forests	as	well	as	high-stress	and	nutrient-limited	environments,
suggesting	they	may	enable	plant	establishment	and	survival	in	these	areas.	Generally,	these	aggressive	fungi	only	appear	in	small,	confined	areas.	200	species)	These	fungi	primarily	degrade	tree	cellulose,	potentially	by	means	of	a	reaction	between	iron	ions	and	H	20	2	,	producing	destructive	hydroxyl	radicals.	Differences	between	taxonomic	ranks
refleet	a	speciation	event.	.[>	Adapting	to	Break	Down	Compounds	2	3	td	"'	0	(b	0..	•	Adjust	the	Human	table	if	you	feel	it's	appropriate.	culmorum	being	the	slowest	(2.7	pulses	per	minute).	Despite	the	commonality	of	the	Linnaean	system,	it	is	not	without	flaws.	The	combination	of	an	organism's	Genus	and	Species	title	forms	its	universally	accepted
"Latin	name:'	This	binomial	is	used	to	denote	a	given	species,	defined	as	a	group	ofliving	organisms	that	share	similar	physical	features	and	are	capable	of	interbreeding.	Quickly,	this	small	bump	in	the	ocean	swells	with	fluids	and	rises	to	take	on	the	shape	of	the	emerging	mushroom.	com	Run	by	Roger	Phillips,	this	site	offers	detailed	information	on
1,660	species	of	fungi	located	across	Europe	and	North	America.	Working	with	fungi	is	not	a	new	chapter	in	the	human	story,	but	an	ancient	relationship	woven	into	our	foods,	medicines,	and	customs.	Recognizing	these	impacts,	the	AM	relationship	has	been	so	thoroughly	investigated	for	its	ecological	and	economic	significance	over	the	last	few
decades	that	it	is	by	far	the	most	thoroughly	studied	symbiosis	that	plants	form,	fungal	or	otherwise.	These	may	be	induced	in	part	by	electrical	potential	changes	caused	by	environmental	signals,	explaining	many	types	of	hyphal	tropism,	or	by	a	water	phase	transition	from	ordered	H	30	2	to	H	2	0.	It	always	feels	like	a	cool	trick.	The	ascogonium
morphs	into	an	ascus	(pl.	Vocal	fungi	help	push	humans	into	the	wild,	to	interact	with	and	learn	from	these	acts	of	clearing	and	cleansing.	They	are	common	at	lower	elevations	where	neutral	or	slightly	alkaline,	mineral-rich	(alluvial)	soils	dominate,	flora	and	fauna	diversity	is	rich,	and	rainfall	is	less	abundant.	Even	the	macro	fungi	are	filled	with
habits	and	abilities	that	humans	cannot	explain.	10	In	one	study,	a	similar	type	of	nutrient	sharing	was	shown	to	occur	between	a	Douglas-fir	tree	and	a	paper	birch	(Betula	papyrifera),	first	in	one	direction	and	then	in	the	other.11	As	these	interactions	increase	in	complexity	over	time,	it	must	be	recognized	that	mycorrhizal	fungi	are	not	merely
looking	out	for	their	immediate	nutritional	needs.	INTRODUCTION:	TOWARD	A	RADICAL	MYCOLOGY	XV	ANeglected	Megascience	Two	facts	become	quickly	apparent	for	anyone	studying	mycology:	1)	fungi	are	incredibly	important	and	fascinating	and	2)	nobody	knows	about	number	1.	And	as	the	fungus	continues	to	travel	onward,	the	byproducts	of
its	digestion	are	left	to	permeate	the	environment,	providing	food	for	other	organisms.	Adapt	to	Break	Down	Compounds	You	gather	and	redistribute	nutrients	among	the	plants	thatyour	mycefiaf	network	connects	and	remove	heavy	metals	from	the	soil.	This	requires	the	ability	to	first	identify	the	challenges	that	face	present	and	future	generations
and	to	address	them	in	a	manner	that	is	critical	and	honest	as	well	as	constructive	and	inspiring.	Commercial	supplier	of	tibicos,	kefir,	kombucha,	and	koji	cultures.	For	no	clear	reason,	fungi	have	been	largely	dismissed	amongst	westerners-a	mere	oddity	to	be	feared	and	forgotten.	Provide	tables	for	other	organizations	to	promote	their	work.
Through	these	interactions,	fungi	uphold	a	plethora	of	vital	roles	in	the	development,	evolution,	and	maintenance	of	the	belowground	and	aboveground	communities	that	the	soil	horizon	intersects.	Indeed,	some	Native	American	tribes	still	assert	that	mushroom	yields	will	increase	if	the	fungus	is	picked.	The	monotropoid	structure	begins	with	a	dense
sheath	of	mycelium	that	surrounds	the	plant's	roots.	As	the	creators	of	the	21	''	century's	legacy	values	and	artifacts,	learning	to	embody	these	lessons	is	part	of	the	current	human	obligation	to	future	generations.	"Quit	makin'	all	that	bracket!"	It	becomes	mycota.	This	flow	is	sensitive.	Medicinal	mushroom	extracts	can	assist	in	overcoming	Candida
issues,	though	the	root	causes	of	the	imbalance	must	be	addressed	to	ensure	symptoms	do	not	recur.	These	fungi	in	the	sky	develop	a	sporulating	fruit	body	cap	at	the	tips	of	these	rhizomorphs,	essentially	making	each	rhizomorph	an	indefinitely	extending	stipe.	Many	researchers	suggest	that	these	fungi	defy	the	Biological	Species	Concept	and
should	instead	be	regarded	as	"form	species;'	28	or	what	is	known	more	colloquially	as	a	shapeshifter.	It	is	in	the	invisible	web	of	subatomic	vacuum	and	in	the	relationships	between	lives	and	landscapes.	8	Some	of	the	best-studied	genera	are	Gigaspora,	Acculospora,	Sclerocystis,	and	Glomus.	66	In	essence,	every	plant	must	be	seen	as	a	unique	quilt
of	species	sewn	together	by	the	threads	of	enigmatic	hyphae.	These	hidden	fungi	are	everywhere,	performing	unknown	acts	and	intimately	communicating	with	their	plant	partner	and	potentially	other	fungi	in	ways	that	are	not	understood.	83	DSEs	form	four	main	physiological	structures	in	plant	roots.	Seems	a	bit	excessive	for	such	an	old	fungus.	72
Any	part	of	that	network-whether	in	its	distributed	form	or	condensed	into	a	fruit	body-is	totipotent,	meaning	that	it	can	be	removed	and	placed	in	a	new	environment	to	regenerate	and	create	an	exact	copy	of	the	network	it	came	from.	Soil	cannot	be	created	in	a	lab,	nor	should	it	be	seen	as	the	sum	of	its	components.	While	this	model	will	likely	be
refined	over	time,	if	its	foundational	arguments	are	proven	correct,	it	will	undoubtedly	change	our	understanding	of	how	fungi	fundamentally	grow	and	will	radically	alter	how	fungal	cultivation,	medicine	Charged	by	radient	energy,	a	"spontaneous"	flow	develops	through	hydrophilic	tubes.	Over	2,000	mycorrhizal	species	are	known	to	associate	with
Douglas-fir	trees,	about	10%	of	which	are	not	likely	to	be	found	with	any	other	tree	partner.	20	RADICAL	MYCOLOGY	production,	and	mycoremediation	are	practiced	in	the	near	future.	The	cultural	effects	of	such	a	narrow	perspective	are	many.	CHAOSFUNGORUM	3	Problems	such	as	these	have	led	ecologists	in	recent	decades	to	suggest	that	the
current	sophistication	of	biology	requires	the	replacement	of	a	lineage-based	naming	system	with	one	that	describes	the	current	relationships	that	a	given	species	holds	within	its	environment.	Just	as	when	electricity	was	first	discovered	and	no	models	existed	to	explain	its	novel	phenomena,	so	too	will	the	mycologists	of	today	be	central	in	the
creation	of	unprecedented	paradigms	for	not	only	understanding	fungi,	but	also	the	individuals,	ecosystems,	and	life	cycles	that	fungi	sustain.	Spores	that	have	a	large	array	of	allele	diversity	have	a	greater	ability	to	mate	with	other	spores,	effectively	increasing	the	adaptive	capacity	of	the	fungus	by	providing	a	spore	with	more	"options"	wherever	it
lands.	Cut	them	out	and	keep	the	decks	separate.	As	one	of	the	youngest	natural	sciences,	discoveries	are	constantly	being	made	about	fungi	that	dispute	long-held	beliefs.	In	short	time,	the	decay	column	comes	to	host	a	diversity	of	animals	and	insects.	Though	farmers	consider	these	fungi	a	nuisance,	not	all	are	considered	bad.	Before	you	play,	cut
out	the	four	unique	spores,	bending	up	the	striped	point	of	each	one	to	act	as	a	handle.	The	plant	cell	wall	then	invaginates	and	grows	around	the	branching	hypha,	which	is	now	referred	to	as	an	arbuscule.	{Right)	When	the	substrate	of	a	mushroom	changes	oriention,	the	fruit	body	will	typically	change	its	growth	direction	to	ensure	uninhibited	spore
dispersal.	Thankfully,	one's	awareness	of	fungi	can	quickly	be	expanded	by	a	study	of	the	many	roles	they	take	on	in	the	environment.	1	Of	these,	only	75,000-or	around	1.5%	of	all	fungi-have	been	classified	to	date.	Others	seek	out	infected	cobs	that	are	discarded	from	cornfields.	Fungal	Protection	Mushroom	Observer	Fundaci6n	Fungi	An
organization	working	to	advance	the	research,	conservation,	and	promotion	of	fungi	in	Chile.	Soil	tillage	can	fragment	mycorrhizal	networks	and	turn	mycorrhizal	spores	deep	into	the	soil	where	they	are	not	normally	found,	limiting	their	survival.	Totipotent,	each	hypha	is	a	hologram,	a	small	reflection	of	the	whole	that	it	holds	within	itself-a
microcosm	of	the	holographic	universe.	Without	enzymes,	life	would	not	be	able	to	occur.	Today,	many	lichenologists	agree	upon	this	general	theory,	through	there	is	some	disagreement	on	the	number	of	lichen	lineages.	One	of	the	first	people	to	thoroughly	describe	and	classify	mushrooms	was	Carl	Linnaeus	(	1707-1778	),	the	founder	of	the	current
taxonomic	naming	system	used	to	classify	living	objects.	Unlike	cells	found	in	the	mycelium	and	fruiting	bodies	of	mushrooms,	the	spore	is	unique	in	its	dedicated	purpose	to	travel	and	evolve.	These	include	Penicillium,	Trichoderma,	Aspergillus,	Saccharomycetes,	and	Candida.	That	is,	the	high	sugar	and	nutrient	concentration	in	the	mycelium
attracts	water	into	the	hyphae,	swelling	it	up.	These	nutrients	may	come	from	organic	(carbon-containing)	substances,	such	as	plant	and	animal	debris,	or	they	may	be	bound	in	inorganic	(non	carbon-containing)	substances,	such	as	rocks	and	clay.	It's	more	important	for	everyone	to	have	a	good	time	and	have	equal	agency	in	making	the	world
together	than	to	have	the	imaginary	world	in	the	pretend	far	future	with	intelligent	mushrooms	align	perfectly	with	today's	scientific	journals.	I	also	thank	the	hundreds	of	crowdfunding	backers	that	made	this	book	possible	through	their	contributions	as	well	as	everyone	that	has	ever	supported	Radical	Mycology	in	action	or	spirit.	Fungal	cultivation
leads	to	improved	management	of	finite	resources,	the	production	of	whole	foods	and	high	quality	natural	medicines,	greater	support	for	local	food	movements	and	economies,	job	training	and	employment	opportunities	for	low-income	youth	and	urban	residents,	means	to	transform	vacant	tracts	into	productive	spaces,	and	the	ability	to	reduce	the
effects	of	pollution	in	contaminated	sites.	Due	to	a	recent	revision	of	the	entire	Queendom,	the	traditional	phylum	of	the	Zygomycota	is	no	longer	recognized.	The	inner	pressure	of	the	mycelium	pushes	the	tip	out,	thinning	it.	Prior	to	and	during	the	colonization	of	North	America	by	Europeans,	Native	American	and	First	Nations	peoples	regularly
burned	vast	areas	ofland	as	a	means	to	manage	and	increase	the	productivity	of	wild	crops-including	mushrooms-while	simultaneously	reducing	the	impacts	of	invasive	and	diseased	plants.	The	bottom	two	sections	of	the	play	sheets	have	lists	to	follow	when	a	player	uses	one	of	the	fungal	abilities.	Some	endophytes	also	fiercely	respond	to	attacks	on
their	plant	partner.	By	far	the	most	dangerous	fungal	pathogens	for	humans	are	Histoplasma	capsulatum,	Blastomyces	dermatitidis,	Paracoccidioides	brasiliensis,	and	Coccidioides	immitis-all	Ascomycota	in	the	order	Onygenales.	They	can	be	hard	to	keep	track	of,	moving	so	quickly,	dying	so	soon.	However,	in	the	fungi,	the	potential	for	rapid
adaptation	is	vastly	increased	due	to	the	high	number	of	spores	that	each	fruit	body	produces.	Erasers.	45	FUNGI	IN	THE	AGE	OF	PEAK	PHOSPHORUS	Along	with	nitrogen,	phosphorus	is	one	of	the	most	important	plant	growth-limiting	nutrients	in	soils.	If	they	will,	see	step	3.	Typically,	spores	(and	cells	in	general)	only	contain	one	nucleus,	which
itself	contains	the	DNA	used	to	reproduce	the	parent	fungus	or	organism.	The	intro	paragraphs	and	participation	expectations	to	be	read	aloud	require	their	full	attention.	I	also	thank	Willoughby	Arevalo,	Ava	Arvest,	Stephen	Buhner,	Willie	Crosby,	Maya	Elson,	Jackie	Goordial,	Geoffroy	Grignon,	Fern	Katz,	Nastassja	Noell,	Mara	Penfil,	Rowan,	Jason
Scott,	Peter	Sjostedt-H,	Joseph	Soeller,	Jackson	Tegu,	and	Bonnie	Rose	Weaver	for	making	such	wonderful	contributions	to	this	book.	General	Mycological	Resources	Cornell	Mushrooms	http:!!blog.	So	also	the	mind	possesses	various	principles.	The	release	of	positively-charged	substances	from	the	tips	(e.g.	digestive	enzymes	and	protons)	is	made
possible	by	their	travel	through	the	EZ	inside	of	EZ-coated	vesicles.	AT	THE	EVENT	Collect	emails	for	your	group's	email	list.	Colorado	Rust	(Puccinia	monoica)	infects	Fendler's	Rockcress	(Boechera	fendleri)	and	causes	the	plant	to	produce	leaf	clusters	that	look	like	flowers	(psuedoflowers).	There	are	three	main	types	of	these	important
recomposers:	White	Rot	Fungi	(ca.	Some	Mycena	species	that	associate	with	Cymbidium	and	Gastrodia	orchids	are	better	known	as	decomposers	than	as	mycorrhizal	fungi,	a	reflection	of	the	ecological	flexibility	exhibited	by	many	fungi.	Over	the	last	50	years,	the	major	interface	between	academic	mycology	and	the	general	public	in	North	America
has	been	through	the	devout	efforts	of	amateur	(from	the	Latin	amare,	"to	love")	mycological	societies.	The	oldest,	cyanobacteria-based	lichen	fossils	come	from	southern	China	and	date	to	551-635	mya.	44	FUNGI	BEING	39	The	mycorrhizosphere	effect	can	also	stimulate	the	growth	of	beneficial	fluorescent	pseudomonads	in	soil	systems.	12.	In	the
fungi,	the	spiral	expresses	in	the	aquatic	spore	catchers	of	Helicodendron	and	Helicoom	species,	and	likely	in	the	cyclosis	of	glomeromycotan	hyphae	and	Armillaria	rhizomorphs.	Welcoming	new	people.	This	capacity	is	uniquely	held	by	"nitrogen-fixing"	microbes,	which	transform	atmospheric	nitrogen	gas	into	compounds	that	are	available	to	other
organisms.	indexfungorum.	Right	now	you'll	each	take	one	of	the	plentiful	Extend	the	Mycelial	Network	spores	and	one	or	two	of	the	unique	spores,	and	hold	them	6	inches	above	the	River	of	Time	as	it	crosses	your	play	sheet.	53	Unfortunately,	the	combined	influence	of	working	with	plants	and	fungi	in	heavy	metal	40	RADICAL	MYCOLOGY
remediation	efforts	has	largely	been	overlooked	due	to	negative	precendents	set	by	early	phytoremediation	studies	working	with	non-mycorrhizal	plants	in	the	Brassicaceae	and	Caryophyllaceae.	uk	An	educational	and	entertaining	resource	provided	by	mycologist	David	Moore.	The	jumble	of	words	representing	the	pollution	should	take	up	10%	of	the
map.	Engage	with	the	audience.	FUNGI	BEING	33	0RCHIDACEOUS	ENDOMYCORRHIZAS	SEVERAL	GENERA	IN	THE	BASIDIOMYCOTA	(E.G.	ARMILLARIA,	MYCENA,	AND	RussuLA).	When	the	plant	host	is	healthy,	this	fungus	can	confer	many	benefits	such	as	increased	yields	in	bananas.	Though	it	is	possible	that	mycophagy	is	commonplace
throughout	the	animal	kingdom,	only	a	few	key	species	have	been	thoroughly	investigated	for	their	fungal	relations.	Search	for	grains	near	you.	Pressure	builds	in	the	asci	until	they	ultimately	explode,	launching	their	spores	into	the	world.	Many	ancient	cultures	saw	the	beings	and	actions	of	the	world	as	embodiments	of	forms	and	numbers	that
underpin	the	universe-archetypal	qualities	that	could	be	contemplated	to	better	understand	the	external	world	as	well	as	one's	body,	mind,	and	spirit.	Though	not	commonly	recognized,	this	tragic	episode	in	American	history	is	largely	attributable	to	the	destruction	of	the	mycorrhizal	communities	that	had	spent	centuries	building	the	rich	soil	the
farmers	once	praised.	Most	fungi,	however,	rely	on	the	wind	to	carry	their	spores.	How	DO	YOU	GET	CHICKEN	OF	THE	WOODS	OFF?	"Don't	bust	the	crust	punks!"	WHAT	DO	HIPSTER	AMANITAS	LISTEN	TO?	Among	their	ranks	are	the	molds	that	break	down	left	over	food,	the	Chytrids	that	consume	pollen,	the	recyclers	of	animal	and	plant	debris,
the	destroyers	of	human-made	materials	and	toxins,	and	the	creators	of	nursery	logs	that	feed	future	generations	of	trees.	30	ECM	fungi	seem	to	be	more	prevalent	in	temperate	forests	than	in	tropical	regions	and	in	boreal	forests	they	may	account	for	up	to	32%	of	the	soil	biomass.	The	latter	two	also	contain	micro	fungi,	such	as	molds	and	yeasts,
but	are	unique	in	their	ability	to	form	mushrooms.	Glomeromycotan	fungi	grow	towards	volatile	metabolites	exuded	by	roots,	wood	rotters	grow	towards	the	volatiles	released	from	freshly	cut	wood,	and	some	pathogens	grow	towards	the	methanol	released	by	decomposing	organic	matter.	In	animals	and	plants,	the	production	of	novel	tissues	is
caused	by	specific	genes	and	detectable	hormones.	Mycology	for	the	New	Millennium	In	the	field	of	mycology,	this	open-mindedness	is	crucial.	Fungi	pervade	and	influence	all	life	on	Earth.	In	clearcut	areas,	Rhizopogon	vinicolor	and	other	mycorrhizal	fungi	stop	fruiting,	leading	to	declines	in	vole	populations	and	an	inability	in	newly	planted	trees	to
thrive.	The	sexually	reproducing	Ascomycetes-all	in	the	order	Pezizales-constitute	90%	of	the	phylum.	It	is	possible	that	this	dualistic	relationship	only	develops	under	conditions	of	extreme	plant	stress,	which	the	supportive	fungi	attempt	to	mediate.	Mushrooms-Organic	farming.	They'll	explain	everything	we	need	to	know.	Unseen	and	silent,	these
ever-present	stewards	of	the	wild	relentlessly	work	to	heal,	support,	and	evolve	all	life	on	Earth.	The	benefits	of	this	enhanced	nutrient	access	include	a	higher	nutritional	content,	medicinal	quality,	and	flowering	rate	in	mycorrhizal	plants	when	compared	to	non-mycorrhizal	plants	of	the	same	nursery	stock.	Each	chromosome	can	further	be	defined
as	an	assemblage	of	many	short	DNA	segments	known	as	genes,	which	also	vary	in	size.	Still,	it	is	not	an	impossible	conjecture.	Lignin	is	one	of	the	most	recalcitrant	compounds	that	Nature	produces,	only	being	degraded	by	a	relatively	small	group	of	fungi.	24	About	200	species	of	orchids	remain	achlorophyllous	when	mature	(e.g.	Galeola,	Gastrodia,
Corallorhiza,	and	Rhizanthella	spp.).	Most	Microsporidia	are	obligate	parasites	of	insects,	crustaceans,	fish,	humans,	and	other	animals.	Amazon	Mycorenewal	Project	http:!I	amazonmycorenewal.	Evidence	of	the	anchoring	of	actin	filaments	suggested	in	the	third	theory	has	not	even	been	demonstrated.	Cover	design:	Peter	McCoy	Frontispiece:	"The
Passion	for	Destruction	is	Also	a	Creative	Passion"	by	Ali	Cat.	Each	falls	alone,	vulnerable	to	the	whims	of	weather	and	the	luck	of	their	landing.	Pollack	of	the	University	of	Washington	released	The	Fourth	Phase	of	Water,	a	revolutionary	book	detailing	a	decade's	worth	of	his	research	into	the	unique	properties	of	water.	2	RADICAL	MYCOLOGY	This
basic	classification	process	has	not	changed	much	since	its	development	by	Linnaeus	in	the	1700s,	though	new	tools,	such	as	DNA	analysis,	have	been	created	to	hasten	the	process.	This	area	used	to	be	called	Cheetwoot	and	its	plentiful	shellfish	were	gathered	by	several	tribes.	But	occasionally,	as	many	as	nine	or	more	genetically	distinct	mycelial
networks	will	coordinate	their	hyphae	to	form	a	singular,	spore-bearing	mushroom.	For	example,	conifers	tend	to	host	endophytes	from	the	Leotiomycetes,	while	tropical	plants	often	partner	with	endophytic	Sordariomycetes.	Invite	relevant	organizations,	political	parties,	and	NGOs	to	learn	and	make	connections.	Ensuring	that	the	discussion	does	not
digress	from	the	agenda.	APOTHECIUM:	BASIDIOMYCOTA	(31,515	SPECIES	IN	1,589	GENERA)	BASIDIOMYCETES,	BASIDIOS	With	their	ability	to	produce	complex	fruit	bodies,	the	Basidiomycota	and	Ascomyota	are	considered	the	most	highly	evolved	fungi.	-CHIEF	SEATTLE,	1854	A	ll	life	is	interconnected.	waysofenlichenment.	This	game	has	a
lot	of	components!	There	are	five	pages	of	play	materials	to	copy	out	of	Radical	Mycology,	or	download	and	print	from	photographsoflightning.com.	Uncovering	all	of	them	has	been	a	personal	odyssey	through	the	cycles	of	life,	with	each	turn	expanding,	enriching,	and	testing	my	worldview	in	ways	I	never	anticipated.	All	I	0	achlorophyllous	genera	of
the	Montropaceae.	When	P	brasiliensis,	H.	es!bdkefir.	Around	the	same	time	that	plants	were	developing,	the	animal	kingdom	also	began	to	separate	from	its	fungal	ancestors.	But,	being	in	such	high	demand,	it	is	frequently	also	one	of	the	most	limited	elements	in	an	ecosystem.	56	And,	I	believe,	this	state	also	helps	explain	some	of	the	mysteries	of
hyphal	extension.	39	Mycorrhizal	fungi	also	transform	all	of	the	15	major	macro	and	micronutrients	necessary	for	plant	growth	(e.g.	phosphorous,	iron,	copper,	zinc,	sulfur,	magnesium,	manganese)	into	forms	available	to	plants.	Endlessly	branching	across	the	planet,	the	hidden	networks	of	the	Glomeromycota	carry	the	Fungal	Queendom's	power	to
support	and	enhance	all	of	life	through	the	connections	they	weave	into	the	innumerable	messages	of	their	hidden	mycelium.	It	is	accurate	to	the	best	of	the	author's	knowledge.	Yet	each	holds	within	itself	the	life	of	countless	mycelial	networks	to	come.	So	as	the	field	shrinks	and	elder	top-level	mycologists	retire,	the	future	of	their	knowledge	and
resources-and	western	mycology	as	whole-becomes	increasingly	insecure	and	at	risk	of	ending	before	it	has	truly	begun.	The	mycelial	networks	of	these	fungi	develop	from	a	single,	genetically	complete	spore	and	within	hours	or	days	begin	producing	discrete,	single-celled	clones	(spores)	that	are	durable	enough	to	travel	and	establish	elsewhere.	And
yet,	such	validation	efforts	are	demanding	as	a	thorough	investigation	of	a	given	subject	implies	sorting	through	a	large	amount	of	scientific	literature	written	in	inaccessible	language	and	contained	within	expensive	journals	and	databases.	To	those	able	to	see	them	clearly,	the	fungi	offer	these	and	many	other	vital	gifts.
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