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EUGENIA BONE, AUTHOR OF
MYCOPHILIA AND HAVE A GOOD TRIP
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I dedicate this book to Laurie Szott-Rogers, my true love. Her support, gentle nudging, and encouragement have made my life more complex, wondrous, and complete. I also celebrate all the holobionts on the planet, including humans whose bravery, tenacity, diversity, and search for truth gives hope for a more loving and sustainable world.



May the god of the tundra grant me lichen until I become lichen myself.

LAWRENCE MILLMAN





Foreword

by David Young, Ph.D.

I first met Robert Rogers in the early 1980s when I visited his clinic, the Strathcona Holistic Centre in Edmonton, Alberta, to seek help for asthma, which had caused me to be dependent upon an inhaler, which I carried with me all the time. After a lengthy interview, Robert concluded that I was suffering from food allergies. He put me on a strict diet, which involved avoiding all eggs, dairy, and wheat products. I soon began to feel better and discarded my inhaler forever.

Some years later, I invited Robert to accompany a field trip with some of my students at the University of Alberta. The purpose of the trip was to look for medicinal wild plants. Within the first fifty yards, Robert identified a couple of dozen medicinal plants by both their scientific and their common names, as well as what they were good for. This encyclopedic memory has served him well over the years.

In 1986, I organized a workshop for the conference “Knowing the North: Integrating Tradition, Technology and Science,” sponsored by the Boreal Institute for Northern Studies at the University of Alberta. I invited Robert to give a talk at the workshop. His talk, “The Case for Alternative Medicine,” was published in 1988 in Health Care Issues in the Canadian North, which I edited.

Some time later, I invited Robert to talk to my class on medical anthropology at the University of Alberta. After showing a film about Eduardo Calderon, the Peruvian healer, Robert talked about the time he spent with Eduardo in Peru. Robert formed a friendship with one of the students in the class, whom he eventually married. Robert and Laurie have been together for thirty-four years.

In 1984, I put together a team of researchers from the University of Alberta and the Provincial Museum of Alberta (now the Royal Museum of Alberta) to study the beliefs and healing practices of a Northern Cree healer, Russell Willier. This study, “The Psoriasis Research Project,” resulted in the creation at the University of Alberta of the Centre for the Cross-Cultural Study of Health and Healing, to which Robert made various contributions over the years. Our research with Willier resulted in a University of Toronto Press publication by myself and two graduate students, Grant Ingram and Lise Swartz, Cry of the Eagle: Encounters with a Cree Healer. In 2011, I invited Robert to join me and Willier in researching and writing a sequel, A Cree Healer and His Medicine Bundle, published in 2015 by North Atlantic Books. Robert made a major contribution to the book by exploring the ingredients in the herbal medicines used by Willier that could account for the medicines’ healing powers.

In 1994, I chaired the seminar “Culture, Health, and Healing: Establishing Intercultural Health Care in Canada,” sponsored by the Intercultural Health Association of Alberta. I invited Robert to give a talk at the seminar, on herbal healing and homeopathy, in which he argued that the suppression of symptoms is one of the major causes of chronic illness.

In brief, Robert Rogers and I have had a fruitful relationship spanning many years. I especially appreciate the respectful manner in which he has gathered information from the Indigenous community and shared it in more than sixty books. Robert has had a major influence on the field of ethnomedicine. I am proud to have him as a friend and colleague.

Now to the book itself. In the introduction Robert makes the startling claim, which I have checked out and found to be accurate, that lichens have more in common with humans than with plants! Another interesting fact described by Robert is that lichens are composite organisms consisting of a symbiotic association of photosynthetic algae, cyanobacteria, fungi, and sometimes other things as well. There are 17,000 to 20,000 species of lichens on Earth, with around 5,600 of these located in North America. Lichens are among the earliest life forms on Earth, dating back 400 to 600 million years or longer. They can live for thousands of years.

The book consists of the introduction, medicinal lichen genera, lichen chemistry, and an extensive list of references. Medicinal Lichens discusses the many uses of lichens, with a focus upon North America and its Indigenous peoples. Lichen Chemistry consists of descriptions of the primary chemicals found in lichens and the action of these chemicals against medical problems.

Some of the uses are food for animals and humans, nesting materials for animals, dyes, cosmetics, perfume, alcohol, fiber, and others. Perhaps the most important use is for medicines. Lichens are also a potential source of antibiotics to treat pathogens resistant to antibiotics—a use that will become increasingly important in the future as antibiotic resistance becomes more prevalent.

Here is an example of the usefulness of lichens: black tree hair lichen (Bryoria fremontii) was dried, ground into a powder, and added to soup by the Indigenous people of Oregon. The Sahaptin of Oregon and Washington boiled it as a poultice for arthritis. The Shuswap mixed it with mud to chink log cabins. Various groups mixed it with other plant material to make vests, pouches, shoes, and leggings. Northern flying squirrels used it to make nests. Many other Indigenous groups used black tree hair lichens for various medicinal and other purposes. When describing the use of lichens for medicinal purposes, Robert frequently describes the chemical ingredients responsible for the desired effects.

The second chapter discusses lichen chemistry. To take one example, usnic acid is found in many lichen genera. Numerous studies suggest that usnic acid has antibacterial, antifungal, anti-biofilm, antioxidant, cytotoxic, photoprotective, antiviral, antiprotozoal, anti-inflammatory, analgesic, antiproliferative, antimitotic, and hepatoxic activity. It may be useful in the treatment of osteoporosis, lung cancer, influenza, and tuberculosis. A gargle of usnea tincture in water is extremely effective for strep throat, and usnic acid may be useful in treating free radical damage, myasthenia gravis, glaucoma, postural tachycardia syndrome, dementia, and various drug-resistant bacteria.

The book concludes with an index and list of references that represent a comprehensive summary of up-to-date research on lichens. In brief, this book is a valuable reference work for anyone interested in Indigenous knowledge, lichens, their chemistry, and their uses.

DAVID YOUNG, PH.D., Stanford University, was the director of the Centre for the Cross-Cultural Study of Health and Healing from 1984 to 1996 and is Professor Emeritus at the University of Alberta.
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There is a low mist in the woods—

It is a good day to study lichens.

HENRY DAVID THOREAU




Well, any day is a good day to observe the lichens in your neighborhood. Rural or urban, desert or polar, on trees or rocks, on gravestones and monuments, they are everywhere! They favor gravestones, rock walls, cement sidewalks, telephone poles, traffic signs, rusty automobiles, windows, plastic, rubber, leather, and fence posts.

Lichens, along with mushrooms, molds, and yeasts, are members of the kingdom Fungi. Biologically, they are more closely related to humans than to plants. They are so unique they should be given their own kingdom or queendom—identifying them in terms of gender is also taxonomically challenging.

They are often neglected or ignored and have become to many humans an overlooked natural background in city and country. Lichens adapt to difficult ecologies, earning the term extremophiles.

Vincent Zonca (2023) offers his take on their role in our world:

Faceless, mineral and inert in appearance, lichen poses a moral and political problem: it inspires no spontaneous empathy. Like other “lower” beings, it has a hard time accommodating anthropomorphism . . . Must lichen be condemned to the scholarship of specialists or to our idealization of the marginal and compassion for antiheroes?

The neglect of lichens is symptomatic of human estrangement from nature. In the mid 1970s I read E. F. Schumacher’s book (1973) Small Is Beautiful. It impacted me deeply on a personal level: how one’s individual actions can make a difference. During the same time period I was living in a hippy commune, and began to understand the benefits of cooperation, and symbiotic, mutualistic interactions and energetics.

Our community created a private school, and my godson was an early student. Our walks together in the boreal forest must have rubbed off, as he later completed his Ph.D. in lichenology from Duke University.

But in the past fifty years, the unbridled pursuits of capitalism, optimizing gross domestic product growth, burning of fossil fuels, destruction of old growth forests, and destructive globalization have led to the extinction of numerous species. At present, Earthlings collectively consume the equivalent of 2.8 hectares of land per person, meaning we use the equivalent of 1.8 Earths to meet our present demand. Clearly, this practice is not sustainable.

Sandra Lawrence (2022) notes, “The canaries in this particular coal mine are quietly slipping into unconsciousness and not enough of us seem to be noticing.”

Lichens are a metaphor for becoming more grounded, humble, and attuned to an awareness of the pressing need for a new ecology, and political change, by working on a local grounded level. This represents ancient wisdom, as well as a radical reactionary response. Lichens remind us of the need for positive environmental protection, and to learn lessons from history, not change them.

Lichens are both fragile and resistant. They have the capacity to adapt to changing environments yet are like the proverbial canary in the coal mine, foretelling impending danger. They grow slowly and are symbiotic, the exact opposite of Western society. “They invite us to leave the beaten paths, to cultivate slowness and patience to counter a consumerist ideal based on desires and the acceleration of time, to adopt a model of minimal growth to counter the hubris of exponential growth at any price” (Zonca 2023).

A collaboration between algae, cyanobacteria, bacteria, and fungi gives lichens the ability to survive and thrive in extreme conditions of temperature and lack of moisture.

Some lichens thrive around hot springs at temperatures above 200ºC (392ºF), while others thrive in cold extremes of minus 60ºC (–76ºF). The orange-colored elegant sunburst (Xanthoria elegans) lichen grows on rocks at 7,000 meters and survived eighteen months on the walls of the International Space Station. Lichens have been found as soon as four years after flowing lava has cooled.

They can go dormant during periods of drought and revive when moisture is available, swelling up and turning green as they absorb thirty times their weight in water! This process was named reviviscence by Claude Bernard in the mid-nineteenth century, and later anabiosis.

Today, the term poikilohydric is used, meaning the water regulation and content depend upon the lichen’s environment. In hot, dry climates, lichens absorb small amounts of moisture from the atmosphere, as too high a content of water might simmer their tissue or interfere with carbon dioxide and nitrogen exchange.

The life span of lichens is difficult to determine. In the arctic and Antarctica, lichen growth may measure in the millimeters, while tropical lichens can grow several centimeters annually. It appears the slowest growers live longer, and some species, such as temperate-zone Parmelia, live only a decade or two. Semidormant lichens have been found in the arctic from 3,700 to 9,000 years old, while endoliths in Antarctic glacial ice may be up to 100,000 years old (Margesin et al., eds. 2008).


Some withered deciduous ones are left to rustle, and our cold immortal evergreens. Some lichenous thoughts still adhere to us.

HENRY DAVID THOREAU




The term lichen may derive from the ancient Greek word leikhën, meaning “to lick.” Leprosy, “what eats around itself,” refers to this skin-related ailment’s peeling appearance. The Latin lîchên may have derived from an ancient Greek word, and means “ringworm,” a fungal skin infection.

This version of lichen was described more specifically by Hippocrates ­(460–371 BCE). Aulus Cornelius Celsus, a Roman physician, also used the term for “the papulae of an eroding, blistering eruption.” Pliny the Elder described lichen as “synonymous with the impetigo of the Latins.” Galen ­(129–217 BCE) described lichen as “a roughness of the skin, attended with much itching” (Zaghi and Griffin 2016).

Leikhën is also the root of word likanos, meaning “the finger one licks,” or the index finger. In turn, this name was given to a string on a lyre specifically played by the index finger.

The genus Lepraria and the term leprosy derive from the Greek lepein, “to peel.” The autoimmune skin diseases lichen planus and lichen sclerosus stem from this root word. Even the Latin word lepra was denigrated by early Christian writers who used it to mean sin or heresy. No surprise there. On the other hand, it is related to the word “liken,” which suggests comradeship, connectedness, contact, and affection.

But exactly how would one define the relationship between algae, cyanobacteria, and fungi?

Over time, various theories and metaphors have been proposed. Trevor Goward, a lichenologist at the University of British Columbia, suggests, tongue in cheek, that lichens are fungi that discovered agriculture. Other authors suggest lichen fungi are parasites that may become benevolent, or that lichen algae are solar panels for fungi—or the reverse, that fungi are greenhouses for algae growth.

One advantage of cyanobacteria is that it can fix atmospheric nitrogen into a useable form for plants and animals, leading to producing sugars. The fungi provide structure and protection.

Cyanobacteria, like humans, have a circadian rhythm. That is, they have a need for sleep, rest, and a restorative aspect. In humans, the recent discovery of the glymphatic tissue in the brain, with its ability to remove toxins from the brain during sleep, explains in part the ever-increasing levels of reduced mental health and increased levels of chronic neurological diseases. In terms of such rhythms, polar lichens possess internal clocks that help shift their adjustment to seasonal levels of sunlight.

Early authors depicted the fungus in the lichen as a sort of slave driver, or parasitic, describing the condition as helotism. Cooke (1893) wrote about the fungus, “It surrounds them as a spider its prey, with a fibrous net of narrow meshes, which is gradually converted into an impenetrable covering; but whilst the spider sucks its prey and leaves it dead, the fungus incites the algae found in its net to more rapid activity, nay, to more vigorous increase.”

Lichens have a unique capacity to live where no other organisms can survive. The algae provide carbohydrates through photosynthesis, and the fungi in turn provide water, minerals and a complex thallus (a plant part that does not differentiate stems and leaves, lacks true roots, and lacks a vascular system) that prevents algae from drying out. Lichens with algae cannot absorb nitrogen and depend upon their rock or tree to make amino acids. How the algal, bacterial, and fungal elements communicate remains a mystery.



Rhizocarpon geographicum (Yellow Map Lichen)

Lichens are fascinating in that they create soil, by the breakdown of rocks, and provide plants with a means of growth. Lichens produce acid that breaks down stone, creating depressions to anchor themselves. When these fine crystals combine with decayed lichens, the first nitrogen-rich soil is formed.

Lichens are long-lived. The round-patched, light-green map lichens are up to five thousand years old. Yellow map lichen (Rhizocarpon geographicum) is estimated to live up to 8,600 years.

Fossils related to modern lichens are known from the Cretaceous period (145 to 66 million years ago) along with dinosaurs. Older lichen fossils from the Paleogene period (66 to 33 million years ago) have been found preserved in Baltic amber resin.

A letter to Nature magazine (Taylor et al. 1995) describes a lichen fossil (Winfrenatia reticulata) from thin sections dating to the Early Devonian epoch (400 million years old), from Rhynie Chert near Aberdeen, Scotland.

Evidence may be even older: Work by Yuan and Xiao (2005) identified fossil traces of algae-like cells wrapped in fungal threads, found in marine rock in southern China that could be 600 million years old.

A small number of lichens involve both algae and cyanobacteria, and it is possible that fungi may have “teamed up” with cyanobacteria around 1.5 billion years ago. It was the production of oxygen by cyanobacteria and chloroplasts that begin to change the planet by increasing the levels of exhaled oxygen in its atmosphere.

Nostoc is the most common genus of cyanobacteria in lichens. Kaasalainen et al. (2012) investigated 803 lichen thalli, representing twenty-three different cyanolichen genera. Mycocystins, which are potent toxins, were found in forty-two lichens. They are suspected to act as tumor promoters and are usually produced by bloom-forming cyanobacteria in freshwater ecosystems.

Various cystobasidiomycete yeasts (CBYs) are hosted in some lichens. Lendemer et al. (2019) searched for CBYs in 339 lichen species in the southern Appalachian Mountains. Nine taxa were present, representing 2.7% of all species tested. Seven of nine (remember the Star Trek character by that name?) are foliose and fruticose lichens. They are found in as many as two-thirds of known lichens (Lücking and Spribille 2024, 58).

Foliose derives from Latin foliosus, meaning “leaf,” and are large, leafy lichens that are distinctly different on both sides. Examples are species of Cetraria, Parmelia, Peltigera, and Xanthoria. They tend to grow from their margins.

Crustose (crust) lichens generally grow flat on rocks, gravestones, old automobiles, and so on. Examples are found in species of Graphis, Lecanora, and Rhizocarpon. They do not have a bottom, per se, and grow from their margins.

The third major type of lichen are fruticose, derived from the Latin meaning “upright branch.” They tend to be bushy, hairy or coral-like. Examples are found in the genus Cladonia, Usnea, and Letharia. They grow from their tips, and some have a strong central core.

Some lichenologists use the term leprose for powdery, shapeless fuzzy lichens. One example would be the genus Lepraria, the dust lichens, which appear as a granular powder.

Lungwort (Lobaria pulmonaria) and the Collema species can be classified as jelly lichens, due to their gelatinous, slimy texture when wet.

As an herbalist and ethnobotanist, I was misled in my university studies as to which came first: Of course, it was cyanobacteria (algae) needing a host (fungi) to sustain them on volcanic rock.

Blair Hedges of Pennsylvania State University suggests that aquatic algae evolved into a terrestrial form about 1.3 billion years ago. Their bright pigments helped reduce the harmful damage of ultraviolet radiation. The algae partner produced oxygen that entered the atmosphere, turning the planet into a hospitable environment, and led to development of land plants.

I have always thought the movement from fresh water to land was the beginning of setting an ecological landmass table for plants.

Nelsen et al. (2020) suggest that coupled with the absence of unambiguous fossil data, our work finds no support for lichens having mediated global change during the Neoproterozoic–early Paleozoic eras prior to vascular plants. Further, they suggest that ferns were present 100 million years before lichens. I would add, “Maybe.” After all, did there not have to be soil and carbon dioxide for ferns to thrive? The absence of fossils may simply mean an absence of fossils.

It is presently thought there are about 17,000 to 20,000 species of lichens encrusting about 8% of the planet’s surface. To date, approximately 5,600 species and 766 genera have been identified in North America.

They exhibit a wide range of colors, including green, gray, black, red, orange, yellow, lilac, pink, white, and brown. Lichens growing in shade tend to have a darker color, helping absorb as much ultraviolet (UV) radiation as possible, while the bright yellow-orange of rock lichens helps protect them from harmful radiation and allows them to absorb the portion of the color spectrum they can use. The same species will exhibit different color in sun or shade.

Amateur lichenologists may wish to invest in a hand lens with a UV light option. Many lichens fluoresce white, orange, or blue under the latter. Bright white suggests the presence of squamatic, divaricatic, evernic, alectoronic, or perlatolic acid. Orange and yellow suggest the presence of rhizocarpic acid.

Chemical testing is also relatively easy. For a potassium (K) test you can use caustic lye (potassium hydroxide) dry sticks from a chemical supply company, or purchase some Liquid Plumber. For a chloride (Cl) test, you can use bleach. Both are caustic, so be careful.

RECOGNIZING SYMBIOSIS


We are all lichens now.

SCOTT GILBERT




Merlin Sheldrake’s (2020) Entangled Life contains a fascinating chapter on lichens. I contacted him with extra interest, as my English ancestry goes back to the Sheldrakes about three hundred years ago. His chapter “The Intimacy of Strangers” contains a lot of great insight into lichens, which I will leave for the reader to follow up. I highly recommend the book.

He shares a few words about the Swiss botanist Simon Schwendener, who published a paper in 1869 presenting the idea of the “dual hypothesis of lichens.” Schwendener suggested a notion that was radical for the times, that the fungal partners in lichens were “parasites, although with the wisdom of statesmen.” The German botanist Heinrich Anton De Bary first noted the dualist nature in 1866, based in part on earlier work by Karl Wallroth, who observed what he called “gonidia” in lichens in 1825. de Bary defined symbiosis as “the shared life of organisms with different names.” Several years earlier, in 1874, the term commensalism was first used.

Two Russian botanists, Andrei Famintsyn and Josep W. Baranetzky, isolated algae from Xanthoria parietina and Pseudevernia furfuracea and then cultivated them in a lab in 1867.

Terms like mutualism and then symbiosis (via the German symbiotismus) were coined during the 1870s and associated with lichens. The latter is from the Greek symbiō-, meaning “living together.” The Belgian Pierre-Joseph Van Beneden spoke about mutualism in 1875 in his treatise, Les Commensaux et les parasites dans le règne animal. The term mutualism, according to Zonca (2023), first appeared in 1828, related to a society of silk weavers in Lyon, France.

The term symbiotismus was first mentioned by Albert Bernhard Frank in 1877 in his book on crustose lichens. He later discovered fungi on the roots of plants, and named them mycorrhizae, in 1885.

Charles Darwin wrote about natural selection, and the survival of an organism, based on the ability to adapt. The term symbiosis is sometimes referred to as “Darwin’s blind spot” (Ryan 2002).

Merlin Sheldrake suggests the term holobiont. “Holobionts are the lichens of the world, more than the sum of their parts.” Are we humans not also holobionts? We are a combination of mammal and microbial and fungal biomes, without which none could have a functional physiology. The disruption of our microbiome, through artificial and modified food, anti-inflammatory drugs, and overuse of antibiotics, herbicides, pesticides, and fungicides, has led to an increase in chronic and autoimmune disease.

Lynn Margulis (1938–2011) proposed that symbiotic interactions helped initiate evolution through horizontal transfer of genetic material between bacteria and eucaryotic cells. In 1974, she collaborated with James Lovelock on the Gaia hypothesis, suggesting our planet functions symbiotically and is self-regulating. Margulis and two colleagues (Guerrero et al. 2013) wrote the article “Symbiogenesis: The Holobiont as a Unit of Evolution,” which was published soon after her death. The photobiont Trebouxia lynnae is named in her honor.

Margulis’s groundbreaking work was initially met with considerable opposition from parts of the scientific community. Today, her hypothesis is widely accepted. All living beings live in symbiosis, and in interdependency with others. Her work was influenced by the Russian researcher Constantin Sergeïevitch Merejkovski (1855–1921), whose work involved the symbiotic origin of chloroplasts in diatoms and lichens.

Toby Spribille (2016), a lichenologist and professor at the University of Alberta (my alma mater), with his colleagues published a paper that turned the dualistic hypothesis by Schwendener on its head. He ground up a lichen and sequenced the DNA, finding more than algae and fungi, which suggested the presence of symbiotic partners. What was previously believed to be a contaminant turned out to be a single-celled yeast, found in many lichens. It is believed that bacteria and yeast “partners” are integral to the development of form, shape, and chemistry of each individual lichen. The significance of Spribille’s finding is explored later in this book, in the context of the medicinal application of several endolichenic fungi and bacteria found within lichens. Spribille (2018) later found a fourth fungal partner in wolf lichen (Letharia vulpina).

Hawksworth and Grube (2020) suggested a new definition of lichen: “an autonomous ecosystem formed by the interaction of an ‘inclusive’ fungus, an extracellular organization of one or many photosynthesizing partners, and an indeterminate number of other microscopic organisms.”

Lichens are amazing in their ability to reproduce from a broken piece, starting a new colony. Some lichens produce spores, which in the best case, land where other algae are waiting, in order create a new lichen. Lichens propagate asexually as well, with little bundles of fungal and algal material carried by the wind. In some cases, it is unclear how photobionts (algae) and mycobionts (fungi) find each other, turn out to be compatible, and choose to stay together, or not.

That brings me to my favorite lichen joke: Freddie Fungus met Annie Algae and they got together. They fell in love, soon married, but now it’s on the rocks.

USES OF LICHENS

Linnaeus was not keen on lichens, calling them rustici pauperrimi, or “the poor trash of vegetation.” However, lichens provide shelter, nesting material, and food for animals and humans. At least 46 species of North American birds use lichens for nesting material. It is estimated that one billion people consume lichens as part of their diet (Burlingame 2000). And about 15 different species of edible lichens are used for food in China (Choi et al. 2017).

Spruce grouse, deer, mouse, caribou, elk, mountain goats, bighorn sheep, pronghorn antelope, chipmunks, squirrels, voles, pikas, mice, bats, slugs, grasshoppers, butterflies, moths, spiders, beetles, and snails dine on lichens. In fact, various snail species prefer to eat different lichens, probably due to the ability to maximize energy and nutrients. Snail dietary preferences would also reduce competition for resources (Baur et al. 1994). Depending upon diet, terrestrial snails will sequester parietin and atranorin, while expelling (+)-usnic acid or alpha-collatolic acid in their feces (Hesbacher et al. 1995).

For sweet food, the green lacewing eats aphids that ants collect in “leaf jails.” The green lacewing larvae secrete a sticky silk on their back and attach tiny pieces of lichen to it. They then sneak right by guard ants to feast. This works out well for lichens, too, as any pieces that fall off can start to grow.

Canadian naturalist Aleta Karstad reports identifying 20 types of lichens on one climb up a white spruce, each occupying a different zone (Bennet and Tiner 1993). When looking for lichens in the landscape, it is worth bearing in mind that each change in elevation of one thousand feet (300 meters) shifts the weather pattern by two weeks.

Other human uses of lichens include components of dyes, cosmetics, perfume, medicine, and poisons. In the past, lichens have been processed to provide alcohol, fiber for clothing, tanning compounds, hallucinogens, and aids for hunting and fishing, navigation, Egyptian mummies, rituals, and magic art. In Japan, lichens are added to paint to inhibit growth of mildew.

Lichens have inspired artists, poets, writers, and lyricists. From southwestern Quebec to northeastern Saskatchewan, on remote Laurentian Shield rock walls, are found lichenoglyphs created by Indigenous people. In such locations, dark, ancient lichens have been removed to reveal various symbols representing humans, animals, mythical creatures, sacred symbols, and spirit beings, such as the Algonquin spirit, Thunderbird, carved out of lichens on a cliff in northern Saskatchewan.

These works of art are not widely publicized, to help preserve them. Recently, the Mohawk Group of Calhoun, Georgia, presented carpet tiles designed to resemble various blooming lichens in their bright colors.

Lichens also produce hydrogen, a future source of green energy. When there is light, lichens use a pathway that transfers electrons to hydrogenase, and under dark conditions they use the PFOR enzyme (pyruvate:ferredoxin oxidoreductase) and a fermentation process called the Arc system to supply electrons to hydrogenase. Both of these pathways then generate hydrogen. Combined with lichens’ ability to survive extreme environments, this suggests they could be a unique and valuable natural factory producing hydrogen (Papazi et al. 2015).



Thunderbird Lichenoglyph at Reindeer Lake, Saskatchewan

PHOTOGRAPH BY TIM JONES

In the far north, lichens have served as an emergency food. The rock tripe lichens, tripes de roches, lichens of Umbilicaria and Lasallia, could be boiled several times with water changes, or added to soup. Today the addition of baking soda somewhat improves their digestibility, which traditionally was done by adding wood ash to water or by predigesting the lichens in the rumen (“first stomach”) taken from a caribou.

There are also beverages made with lichens: The Tarahumara (Rarámuri) of northern Mexico utilize Usnea species in the fermentation of corn beverages. (I vaguely remember one night overindulging in too much chicha beer in Cuzco, Peru. The altitude did not help.) A beverage called pozol is today produced with fermented corn and cacao beans.

Remember not to pick any lichen for medicine within 200 meters of a highway.

LICHEN DYES


Ye Lichens! touch’d by chemist’s art,

Soft shades of various tint impart,

That fashion’s vesture dyes;

Torn from your sweet abode of shade,

To deck our fair—our commerce aid,

Your beauties soon in dust are laid,

Ah! Never more to rise.




SARAH HOARE (1831)

Lichen dyes could take up an entire chapter. One great book to note is Lichen Dyes by Casselman (2011). The International Fungi and Fibre Symposium, which began in 1985 and is held annually around the globe, is another resource for those interested.

Consider the history of these uses: It is believed lichen dyes were first used in China about four millennia ago. The oldest recorded dye recipe was written in Greece, about 1800 years ago.

Later, in the British Isles, Harris, Shetland, Irish, and Donegal tweeds were formerly dyed with various lichens (Parmelia or Roccella sp.), “fixed” to more permanence using the addition of human urine. Factories would place “night water” barrels on the street corners of Edinburgh to receive donations of this ingredient. It really did matter on which side of town you resided. Highland tartan dyes, with blue and purple, were derived in this manner. As these sources were used up, lichens were imported from Norway and Sweden, then Cape Verde and the Canary Islands, and then parts of Africa and Peru, until the process ended in the early twentieth century.

PURPOSEFUL INGESTION OF LICHENS

At least one lichen possesses entheogenic (psychoactive) properties, including compounds identified as psilocybin and tryptamines. Wade Davis and Jim Yost (1983) were in the Ecuadorian Amazon in 1981 when elders mentioned the Dictyonema huaorani lichen, which they managed to collect. The Waorami (Huaorani) call it nee/ne/ndape/. It was added to a mixture of bryophytes when people wished to cast curses. As a drug, it is known as kigiwai, and ingestion creates headaches and confusion. It was also used to inflict sterility, by adding it to a young child’s drink to induce barrenness.

The Akimel O’otham (Pima), meaning “river people,” and Maricopa/Pipaash of the Southwest pick a gray lichen with strong violet odor. Known as “earth flower,” this lichen was mixed with tobacco either to act as a hallucinogen, or to attract women or bring good luck. Maybe all three!

A thick, yellow-green lichen on boulders of the Rocky Mountains is enjoyed as a narcotic by Indigenous people and by bighorn sheep. Young ewes, especially, enjoy a nibble, grinding their teeth or gums to scrape the lichen off the rocks. It may be a Lecanora species, as it’s known that sheep in the deserts of Libya chew the lichen L. esculenta to the point of tooth loss. There is much speculation that this lichen is the wind-blown manna mentioned in the Bible.

A Menominee legend regards this lichen as scabs from the head of Mâ’nâpus, to keep his aunts and uncles from starving. Another version of the legend says that lichens were scabs from when Mâ’nâpus burned his buttocks, and they came off as he slid down a slanting rock (Smith 1923). Menominee/Menomini (manowinii, meaning “wild rice people,”) was a name given to the people by the Ojibwa.

Around 1300 CE the Spanish physician Arnaldus de Villa Nova discovered litmus, a word derived from the old Norse word litmosi, meaning literally “moss-dye.” It became a way of testing the pH of materials. Orchil lichens (Roccella sp.) were overharvested in Europe for this purpose, and the resulting purple dye was valued for clothing.

Thousands of tons of oakmoss lichens have been harvested in Europe and Africa since at least the seventeenth century for perfumes, powdered wigs, and such. It is fortunate that only a few North American oakmoss lichens share these properties and are presently not harvested commercially. Let us hope that trend continues.

REPORTS OF THE MEDICINAL USE OF LICHENS

The first recorded use of lichens for medicine can be traced back to 1800 BCE, when Evernia furfuracea was found beneficial.

Numerous interesting laboratory and clinical trials have been conducted in the past decade (2012–2022), providing new information for readers and updating my previous work. Note that few human clinical trials have been conducted to date.

Lichens contain molecules such as polyketides that may help treat or decrease antibiotic-resistant infections. Estimates suggest about 50% of lichens exhibit promising antibiotic activities (Zambare and Christopher 2012). Various well-known pharmaceuticals, including erythromycin A, tylosin, monensin A, rifamycin, tetracyclines, and amphotericin B, were initially isolated from actinomycetes, which are bacteria. However, no new classes of antibiotics have been developed since 1987 (WHO 2020).

It is estimated that by 2050, the number of deaths from aggressive bacteria may exceed ten million per year. That works out to one person every three seconds worldwide, far exceeding projected deaths from cancer and diabetes combined. In 2019 there were an estimated 13.7 million infection-related deaths, with 7.7 million associated with 33 bacteria.

The acronym ESKAPE refers to the six most virulent bacteria species resistant to today’s antibiotics. They are Enterococcus faecium, Staphylococcus aureus, Klebsiella pneumoniae, Acinetobacter baumannii, Pseudomonas aeruginosa, and Enterobacter species.

Antibiotic-resistant tuberculosis is another significant problem, discussed in more detail with usnic acid in the Lichen Chemistry chapter.

Staphylococcus aureus is the leading bacterial cause of death in 135 countries. It is estimated that 2% of the population carry methicillin-resistant Staphylococcus aureus (MRSA) in/on their body. In 2017, there were nearly 20,000 recorded infections in the United States, with a 30–40% mortality rate.

Another way to view this comes from the Global Burden of Disease (GBD) study: “Five leading pathogens—Staphylococcus aureus, Escherichia coli, Streptococcus pneumoniae, Klebsiella pneumoniae and Pseudomonas aeruginosa—were responsible for 54.9% of deaths among the investigated bacteria” (GBD 2023). The latter bacteria were responsible for 33,000 cases in 2017, resulting in 2700 deaths. They are particularly problematic for cystic fibrosis patients (Quave 2021).

There are other specific infections that raise enormous concern. For example, the microbe Acinetobacter baumannii causes severe infections, and in the hospital can survive for nearly two weeks on a dry surface. Carbapenem-resistant Acinetobacter baumannii (CRAB) hospitalized 8,500 American patients in 2017, killing 700. Multiple-drug-resistant and carbapenem-resistant Klebsiella pneumoniae is scary, with a mortality rate of 40–70% in infected patients; in those with alcohol addiction the mortality shoots up to 100%. Also, drug-resistant tuberculosis and gonorrhea (Neisseria gonorrhoeae) are on the rise. These infections rose to over 550,000 in the United States during 2018.

To address these concerns, consider that lichen compounds are revealing unique molecules that may lead to new antibiotics, or as adjunct medicines that are synergistic with older classes of antibiotics to which bacteria have become resistant.

Beyond such infections, various cancers worldwide account for approximately 13% of all deaths (Nguyen et al. 2014). Lung cancer and breast cancer accounted for 12% of new cases in 2018, with colon cancer third (Bray et al. 2018). Globally, 9.6 million people died of cancer in that year, and the number is predicted to reach 29.5 million by 2040.

At the present time, cancer treatments involve cytotoxic medicine, target-based agents, hormones and hormone antagonists, and immunomodulators (Liu et al. 2017). Seventy percent of these are derived from natural compounds or semisynthetic products (Katz et al. 2016).

Thus, it’s good that lichens have much to offer in terms of compounds exhibiting antitumor, antioxidant, anti-invasive, antimigrative, antiproliferative, cytotoxic, and apoptosis (programmed self-death) potential.

Before you start writing to me about using lichens as medicine, I need to clearly state my position on the use of lichens for human and animal health. Although I have personally collected and produced alcohol extractions of usnea species of the boreal forest for my own use, the chemistry of lichens can be replicated synthetically, with few exceptions.

The delightful and insightful book The Lichen Museum (Palmer 2013) reminds us that lichens refuse to grow in laboratories, and that asking how they can be useful to humans is the wrong question. Palmer suggests their refusal should be considered a lesson for us. Their slow growth also makes them resistant to commercial and industrial harvest and exploitation. Instead, the unique secondary metabolites of lichens can be produced by engineering lichen gene clusters with cultivated bacterial or viral hosts (Calcott et al. 2018).

So let us take a deep dive into the world of lichens. Note that DNA and genetic research are redefining and renaming binomials, that is, the two-word taxomonic classification for lichens and other organisms. I provide my most up-to-date Latin genus and species here, but these will change with time.

As Zonca (2023) reminds us, “Someone who takes an interest in lichens, who takes the time and trouble to stop in front of a wall, to circle a tree trunk, to climb a roof and to approach it close up, is thus seen as eccentric, enlightened, unnerving.” Sounds like me! And maybe you!
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Romance and poetry, ivy, lichens and wallflowers need rain to make them grow.

NATHANIEL HAWTHORNE




ACAROSPORA

Cobblestone Lichen Soil Paint Lichen


Geographic Range: Canada, the U.S. Southwest, Mexico

Habitat: rocks, full sun, dry soil

Medicinal Applications: antimicrobial, antioxidant, cancer

Notable Chemicals: atranorin, chloroatranorin, epanorin; and gyrophoric, norstictic, rhizocarpic, stictic, and usnic acid



There are an estimated seventy-four species of Acarospora lichens found in North America. The genus name may derive from the Greek akarpos, meaning “sterile or bearing no fruit,” and spora, “sowing or seed.”

The Yuman people of northern Mexico know this genus as Uja’ tebiyauup, with uja’ meaning stone, and tebiyauup for flower. In Spanish it is known as Flor de Piedra. This was the term also used for Caloplaca and Lecanora species.

Brown cobblestone lichen (Acarospora fuscata) grows on granite rocks in full or partial sun from Alaska diagonally across northern Manitoba to New England, and south to Arizona and New Mexico. The name fuscata may derive from the Latin fuscus, meaning “dark gray” or “dusky.”

It contains atranorin, chloroatranorin, stictic, norstictic, usnic and gyrophoric acid, which possess antioxidant and anti-microbial activity. This lichen’s component gyrophoric acid, in vitro, shows activity against the gram-positive bacteria Bacillus mycoides, B. subtilis, and Staphylococcus aureus, gram-negative bacteria including Escherichia coli and Klebsiella pneumoniae, and various fungi including Penicillium purpurescens and P. verrucosum.



Acarospora americana (Dusty Cobblestone Lichen)



Acarospora fuscata (Brown Cobblestone Lichen)

Extracts in vitro express strong activity against A549 (lung), Fem-x (melanoma), LS174 (colon), and K562 (chronic myelogenous leukemia) cancer cell lines (Kosanic et al. 2014).

Bright cobblestone lichen (Acarospora socialis) is commonly found on desert rocks in Arizona and California. Socialis refers to growing in clumps. Work by Yeash et al. (2017) found ethanol extracts to exhibit significant DPPH antioxidant scavenging activity.

This lichen contains epanorin, a secondary metabolite that inhibits proliferation of MCF-7 (breast cancer cells) by inducing cell cycle arrest in G0/G1.

Work by Palacios-Moreno et al. (2019) found a lack of cytotoxicity in normal cell line HEK-293 and human fibroblasts, suggesting potential antineoplastic activity, without harm to normal cells.

Lichens are symbiotic, but they can become parasitic. The soil paint lichen (Acarospora schleicheri) is found on dry soil from Saskatchewan to Mexico. It contains rhizocarpic acid, which gives its yellow color. The related Acarospora stapfiana, also yellow, parasitizes the desert firedot lichen (Caloplaca trachyphylla).



Acarospora socialis syn. A. radicata (Bright Cobblestone Lichen)

ACROSCYPHUS

Mountain Crab Eye Lichen


Warning: Do not pick!



Mountain crab eye lichen (Acroscyphus sphaerophoroides) is found at only eight sites in British Columbia, and is Red Listed (critically endangered) according to the International Union for Conservation of Nature. It is rarely found in Alaska and Washington in coastal mountains, associated with fallen or dead mountain hemlock trees in fens and bogs. Observe but do not pick.

Methanol extracts show low to moderate activity against 11 bacteria (Bacillus subtilis, B. cereus, Enterobacter aerogenes, Escherichia coli, Klebsiella pneumoniae, Micrococcus luteus, Proteus mirabilis, Pseudomonas aeruginosa, Salmonella typhimurium, Staphylococcus aureus, Streptococcus pneumoniae) and eight fungi (Aspergillus flavus, A. nidulans, A. niger, A. sulphuricus, A. terreus, Candida albicans, Cryptococcus albidus, Trichophyton rubrum) (Nayaka et al. 2010).

ALECTORIA

Caribou Moss Crow Whiskers Green Witch’s Hair Lichen


Geographic Range: coastal, subarctic and arctic North America

Habitat: lower forest canopy

Practical Uses: clothing, fire starter (discouraged)

Medicinal Applications: arthritis, lung conditions, skin conditions, tumors

Notable Chemicals: alectosarmentin, arabitol, chloroatranorin, dibensofuranoidlactol, diffractaic acid, mannitol, and alpha-collatolic, physodic, squamatic, and usnic acid




Like rock or stone, it is o’ergrown

With lichens to the very top,

And hung with heavy tufts of moss,

A melancholy crop.

WILLIAM WORDSWORTH




There are eight species of Alectoria in North America, among them caribou moss (Alectoria ochroleuca and Alectoria nitidula), crow whiskers (Alectoria sarmentosa), and green witch’s hair lichen (Alectoria ochroleuca). Alectoria originally meant a magical talisman stone found in the stomach or liver of a cock or capon. It could also allude to Alecto, one of the three furies in Greek mythology—the goddess of vengeance. This is less likely.

Alectoria and Usnea species with reflecting usnic acid pigments are usually found in the lower forest canopy. The dark Bryoria species (described later) dominate the upper canopy (Färber et al. 2014). Sarmentosa means “creeping” or “vine-like.” Ochroleuca derives from ochro, meaning ochre (brown-yellow), as in the clay used to protect skin from sun and insects, and leuca (white).

Crow whiskers (Alectoria sarmentosa) lichens were used medicinally in an unspecified manner (Turner 2004). The Saanich call it k’aalts’idaa llisga, meaning “crow’s mountain goat wool,” in reference to the Tsimshian, who collected mountain goat wool attached to bushes.



Alectoria sarmentosa ssp. sarmentosa (Crow Whiskers)

Both Alectoria and Bryoria species lichens were utilized for clothing, by weaving them into other materials. This was usually done by combining them with cedar or silverberry/wolf willow bark to manufacture vests, leggings, and moccasins. Fireweed seed fluff was sometimes spun together with mountain goat wool to produce waterproof apparel.

The lichen was also used to strain impurities out of hot pitch from conifers, when making medicine.

The Nuxalk (Bella Coola) of British Columbia call this suts’ wakt, or ipts-aak, meaning “limb moss.” When found on red alder, it is warmed and applied to a broken boil or festering sore (Smith 1929; Turner 1973). The long hair was utilized for false whiskers and hair on dance masks.

The Ditidaht (meaning “people along the coast”) of southwestern Vancouver Island know the lichen as p’u7up. They applied the lichen to wounds and used it for sanitary napkins and baby diapers (Turner et al. 1983).

The Haida name is kwii7aawaa, “cloud,” referring to the cumulus clouds mentioned in legend. They used the lichen in a variety of ways.

In the Ts’msyen language, this lichen and Usnea species were known as iimgmgen, or “whiskers of the tree.”

The Salish or Flathead (Salish, meaning “the people”) of Montana call it sqalïö, and combine it with pineapple weed (Matricaria discoidea) in a tea to ensure the placenta is totally expelled after giving birth (Stubbs 1966).

In Washington and Oregon, both the Umatilla (Imatalamiáma) and the Cayuse used this lichen. The name Cayuse may derive from the French-Canadian fur traders, who called the tribe Cailloux, meaning “rock people,” or from Kyuuse, a name given them by the famous Scottish botanist David Douglas. This lichen often hangs from the Douglas fir tree, named in this botanist’s honor.

The Umatilla and Cayuse both boiled and applied the compress to open sores, arthritic pain, and achash-pama (an eye problem). It is known as laxpt or mak’hl (Hunn 2005).

The lichen contains dibensofuranoid lactol, usnic acid, physodic acid, 8’-O-ethyl-beta-alectoronic acid, alectosarmentin, alpha-collatolic acid, squamatic acid, mannitol, arabitol, and physodic acid. Mannitol and arabitol are antitumor polysaccharides.

Green witch’s hair covered a sick person in steam baths to hold the heat, used this way by the Sugpiaq (“the real people”) or Alutiiq people of Alaska. (The name Alutiiq may derive from Aleut, the name given to the Indigenous tribe by Russian fur traders and settlers.) Since it contains mannitol, compare this to the use of mannitol dry powder, which has been found to improve some measures of lung function in cystic fibrosis patients compared to a control (Nevitt et al. 2020). Relatedly, inhaled mannitol (Bronchitol) is licensed in Australia as a safe and efficacious support for patients with cystic fibrosis. The main catch is the prohibitive cost of $40,000 Australian per year. (Warren et al. 2019).

The Inuit call this lichen “green beard” or tinqaujait, meaning, “what looks like pubic hair.” It may have been used to staunch bleeding from wounds (Wennekens 1985).

Artists and poets have long correlated lichens like this one with a bushy female mons veneris. It makes a handy, quick fire-starter in wilderness emergencies. Use for the latter purpose is discouraged, as the lichen is only abundant on trees at least a century old.

Both witch’s hair lichen (Alectoria sarmentosa) and green witch’s hair lichen (A. ochroleuca) show significant activity against motility of human non-small-cell lung cancer cell lines (Yang et al. 2016).

Green witch’s hair lichen was used in Russia during the 1930s to produce a molasses-like syrup, yielding glucose at 82% of dry weight. It was also used by distillers to produce alcohol (Rogers 2011).

Green witch’s hair lichen (Alectoria ochroleuca) contains (–)-usnic acid. Extracts from the lichen inhibit the growth and proliferation of breast (T-47D) and pancreatic (Capan-2) cancer cell lines (Einarsdóttir et al. 2010).

Witch’s hair ethanol extract contains usnic acid, physodic acid, and alectosarmentin, an antimicrobial (Gollapudi et al. 1994). It also contains diffractaic, thamnolic, barbatic, alectoronic, and chloroatranorin acids.

Later work by Cobanoglu et al. (2010) found Alectoria sarcomtosa lichen extracts inhibit three species of bacteria.

Gray witch’s hair lichen (Alectoria nigricans, now Gowardia nigricans) has a similar common name but is no longer considered part of this group. It grows on the ground and low branches throughout the arctic and British Columbia. It lacks yellow due to an absence of usnic acid but does contain alectorialic acid.

Green witch’s hair lichen and Alectoria nitidula (Bryoria nitidula) were known as caribou moss by the Inuit and were offered to young fawns to try to get them to eat from people’s hands (Moerman 2010). Nitidula is the diminutive of nitidus, meaning “somewhat elegant” or “trim.”

Work by Ingólfsdóttir et al. (2000) found these lichen extracts active against leukemia cancer cell lines and to exhibit quinone reductase activity. Quinone reductase is an enzyme inside cells that makes certain molecules less toxic, aiding cellular detoxification.

AMANDINEA

Button Lichen

Button lichen (Amandinea sp. syn. Buellia) extracts show little cytotoxicity but inhibit lipopolysaccharide (LPS)-induced release of pro-inflammatory cytokines. The extracts reduced the cytosolic p-1kB-a level and the level of nuclear factor p65 (Kim et al. 2020). The genus name may derive from the Latin amanda, meaning “to be loved.”



Amandinea polyspora (Button Lichen)



Amandinea punctata (Tiny Button Lichen)

AMYGDALARIA

Powdery Almond Lichen

Powdery almond lichen (Amygdalaria panaeola syn. Biatora panaeola syn. Lecidea panaeola) is confined to rocks on coastal areas of Alaska and Newfoundland south to the northeastern United States. Panaeola derives from the Greek meaning “variegated.”

This lichen contains gryphoric acid, confluentic acid, and derivatives. Its black tumor-like growths called cephalodia are groups of blue-green algae. Confluentic acid shows selective inhibition of monoamine oxidase (MAO)-B with an IC50 value of 0.22 µM (Endo et al. 1994).

Powdery almond lichen produces a fluorescent yellow-green pigment called panaefluoroline B in the cultured mycobiont (Kinoshita et al. 2015).

ARTHONIA

Bloody Comma Lichen

The Arthonia genus is quite large, containing at least 110 species in North America. Bloody comma lichen (Arthonia cinnabarina) is a pink–purple species, found on bark in isolated parts of Appalachia and throughout Florida and the Gulf Coast. The genus name may derive from the Greek arthon, meaning “joint.” (Inflammation of a joint is known as arthritis.) Cinnabar is the ancient name for red mercury sulfide pigment. It is worth noting that mercury, sulfur, and salt are the three major elements engaged in alchemy.



Arthonia molendoi

Work by Yamamoto et al. (2002) identified arthoniafuranes A and B. Previous work identified bostrycoidin and 8-O-methylbostrycoidin in culture. Bostrycoidin shows activity against gram-positive and gram-negative bacteria, as well as against bovine and avian tuberculin mycobacteria.

The related A. impolita syn. A. pruinata syn. Pachnolepia pruinata contains arthoniaic acid.

ASAHINEA

Rag Lichen


Geographic Range: extreme northern arctic, from the interior of Alaska to Baffin Island

Habitat: rocks, decaying vegetation

Medicinal Applications: neurogenerative conditions

Notable Chemicals: asahinin, atranorin, cynodontin, islandicin, and haematommic and usnic acids



There are only two Asahinea lichen species in North America.

Arctic rag lichen (Asahinea chrysantha syn. Cetraria chrysantha syn.Platysma septentrionale) is found in the extreme northern arctic, from the interior of Alaska to Baffin Island. It contains usnic acid, atranorin, ß-collatolic acid, cynodontin, haematommic acid, islandicin, asahinin, and 1,5,6,8-tetrahydroxy-3-methylanthraquinone. Islandicin is structurally related to emodin, and is mutagenic for Salmonella typhimurium (Liberman et al. 1980).

The recent COVID-19 viral pandemic has led to research into antagonists of viral protein. Work by Mahrosh et al. (2021) found islandicin to be one of the ten best ligands for antiviral activity, out of 200 ligands examined.

The anthraquinone cynodontin is a potent antifungal inhibitor of Sclerotina minor, Sclerotina sclerotiorum, and Botrytis cinerea (Chrysayi-Tokousbalides and Kastanias 2003).

Yellow rag lichen (Asahinea scholanderi) grows on rocks and decaying vegetation above the Arctic Circle. The genus is named in honor of the Japanese lichenologist Yasuhiko Asahina. The species name honors the Swedish lichenologist Per Frederik Thorkelsson Scholander (1905–1980). He spent time in Greenland and helped revise the many Umbilicariaceae genera.

Work by Urena-Vacas et al. (2022) found extracts from this species to be the best inhibitors of acetylcholinesterase and butyrylcholinesterase, out of fourteen lichen samples. Inhibition of these enzymes is one approach to addressing neurodegenerative conditions, including Alzheimer’s disease.

Cetraria cucullata, mentioned again later, also showed inhibition of enzymes involved in neurodegenerative disorders. The major secondary metabolites identified were alectoronic and alpha-collatolic acid.

In a conference paper, Varol et al. (2015) presented their findings on the anticancer and anti-angiogenic activities of alpha-collatolic acid. Angiogenesis is the process by which tumor cells develop blood vessels to feed themselves. Anti-angiogenic drugs, of which eleven have been approved by the Food and Drug Administration (FDA), were trialed. Only four led to FDA approval for marketing. The problem is complex, as the restriction of blood vessel development can affect normal vessels rather than tumor cells prone to mutation. Research is ongoing.

ASPICILIA

Rim Lichen

There are sixty-one species of Aspicilia in North America, although many have been moved to the Lecanora genus or vice versa.

Rim lichen (Aspicilia fruticulosa syn. Circinaria rogeri) is somewhat rare, but is found in eastern Montana, southern Idaho, and eastern Oregon. Aspicilia derives from the Greek, meaning “shield concave,” and fruticulosa for “an abundance of fruit.”



Aspicilia arizonica

This lichen has traveled to space and back. The Lithopanspermia space experiment, launched in 2007, included this lichen species, exposing it to space vacuum, as well as to cosmic and solar radiation. Upon return to Earth, the lichen was capable of self-repair of all the space-induced damage (Raggio et al. 2011).

BAEOMYCES

Brown Beret Lichen

There are only three species of Baeomyces lichens in North America.

Brown beret lichen (Baeomyces rufus) is the most common, found on mineral soil or shaded rocks. It contains stictic and norstictic acid. It contains the lichenized algae Elliptochloris bilobata, which accumulates sugars in response to cold acclimation (Miguez et al. 2017).



Baeomyces rufus (Brown Beret Lichen)

BIATORA

Dot Lichens


Geographic Range: from Alaska to Newfoundland and south to New England, with disparate growth in Appalachia and Colorado

Habitat: mossy regions on rocks

Medicinal Applications: leishmania

Notable Chemicals: atranorin, gyrophoric acid, and ß-orcinol depsides, especially argopsin



Dot lichen (Biatora vernalis) is common in the arctic, and is rarely found below the 40th parallel. It prefers mossy regions on rocks, rarely on tree bark. The species name is derived from the Latin vernus, meaning “of the spring.” Work by Printzen and Lumbsch (2000) found molecular evidence that Biatora diversification began as early as the Late Cretaceous period.

The lichen contains gyrophoric acid, atranorin, and ß-orcinol depsides, especially argopsin (1’-chloropannarine). Argopsin exhibited antileishmania activity in vitro (Fournet et al. 1997).



Biatora printzenii

Lichens are extremely sensitive to environmental changes, including pollution. In the 1970s, the first of many Athabasca Oil Sands projects began operations in northeastern Alberta, my home province. A lichen project was initiated to monitor the ecological impact of the new industry.

Mors Kochanski, my noted friend and a survival/bushcraft expert, co-edited and published Wilderness Arts & Recreation back in those days. He left us a few years ago, but the hundreds of people he educated in living with nature continue his legacy to this day. His favorite quote about walking and thriving in the boreal forest was “The more you know, the less you carry.”

In volume one of Wilderness Arts & Recreation, in issue four, there is an article by Dar Tost in which the oil company Syncrude vows to take environmental responsibility and to monitor their levels of sulfur dioxide. Fifty-six lichen plots over 40 square kilometers were established for this monitoring.

About ten years ago, I asked the company for information about the project, and after a six-month runaround, I was told the study had been shut down, due to the death of all the lichens. No surprise there!

BRYORIA

Horsehair Lichens


Geographic Range: North America

Habitat: mainly on conifers and birch

Practical Uses: clothing, food, paint

Medicinal Applications: cancer, swelling

Notable Chemicals: atranorin, barbatolin, and alectorialic, barbatolic, fumarprotocetraric, gyrophoric, lobaric, protocetraric, stictic, usnic, and vulpinic acids



Twenty-four species of Bryoria are found in North America. The genus name derives from the Greek bryon meaning “moss or lichen.”

In 2014 a study on lead, polycyclic aromatic hydrocarbons (PAHs), and sulfur and other elements was conducted on three boreal forest sites in the region. Bryoria furcellata, Hypogymnia physodes, and three other lichens were monitored along a 100-kilometer distance gradient (Graney et al. 2017). Although Hypogymnia physodes is the most tolerant of sulfur dioxide pollution, it was chosen by scientists as the best monitor. Again, no surprise at this lack of rational planning! When sulfur dioxide levels in the air are above 30 µg/m3, lichen growth is adversely affected. Sulfur interferes with chlorophyll survival and inhibits photosynthesis of sugars.

Most lichens are very susceptible to climate change and environmental pollutants. Wilhelm Nylander (1866), a botanist from Finland, first noted the connection between pollution and lichen growth on trees in Paris, more than 160 years ago. “However, most lichens seem to flee the cities, and those that one does encounter there are often only partially developed, in a sorediferous state or completely sterile . . . Lichens constitute a kind of very sensitive hygiometer.”

PAHs accumulate in the algal layer of lichens, and once absorbed remain in this layer and not in the fungal hyphae. The PAHs cannot be washed off (Augusto et al. 2015).

On the other hand, sunburst lichen (Xanthoria parietina) is a nitrophile, meaning it thrives on the excess nitrogen in our cities’ atmosphere, becoming more abundant. Of course, all lichens take up nitrogen from the air, and when they degrade, they release this nitrogen, which in nitrogen-poor soils acts to benefit plant growth.

Zonca (2023: 111) summarizes, “It is estimated that twenty-five to forty percent of lichens will disappear from the earth’s surface in the next sixty-five years, due to climate change and increasing development.”

Gray horsehair lichen (Bryoria capillaris) is known to the WSÁNEĆ (Saanich) of Vancouver Island as hlk’am.aal kaj. The species name derives from the Latin capillus, meaning “hair.” It contains alectorialic and barbatolic acid.

“Both Swanton (1905a) and Newcombe (1901) refer to a plant called skiida wasliia and gudgina wasliaa (‘a lichen’) respectively . . . Swanton says that it was steamed with deer bones (apparently as a food)” (Turner 2004). It was burned into an ash to produce black paint for wood.

Imazalil is a fungicide used in clinical and agricultural settings. It is seriously toxic to vertebrates, including humans. A study by Turkez et al. (2014) found that water extracts of gray horsehair (B. capillaris) protect human lymphocytes from genetic damage, caused by the fungicide. A prophylactic, proprietary product to help protect farmers and ranchers who use the product would be useful.

Work by Tas et al. (2017) found extracts of Bryoria capillaris active against both gram-positive and gram-negative bacteria, with weak antiproliferative activity.

Black tree hair lichen, or edible horsehair lichen (Bryoria fremontii), is common on pine, larch, and Douglas fir trees in western North America. The species name is probably in honor of John C. Frémont (1813–1890), an early pioneer, botanist, and author. It is considered British Columbia’s unofficial provincial lichen. The black spruce forests of northern Saskatchewan produce over 500 kilograms of this lichen per hectare.

Traditional Uses

As the name suggests, horsehair lichen is edible, and it was an important fire-pit food. It is said to taste like acorns. Indigenous people of Oregon call it wa kamwa. They would dry the lichen, grind it into a powder, and add this to soups. Youngsters were often sent up into the trees to throw down the lichen, or long poles were used to detach it. In a good location, five or six trees yielded enough harvest for one family for the year.

The lichen was baked with root vegetables in layers of skunk cabbage and sheets of bark. The fire pits were about ten square feet and two feet deep. After covering the layers of lichens, onions, camas, and other vegetation with sand, a fire was built over the top and allowed to burn down for twenty-four to forty-eight hours. Work by Crawford (2007) suggests the complex carbohydrates are mainly indigestible, but the lichen absorbs fructose from camas bulbs. When dried, the loaves from this process keep indefinitely.

When cooked alone this lichen was considered a tonic for the sick. The Salish (Flathead) of Montana used several names for the lichen, including caumtemkan, st’telu, skolapkan, skolke,inʔ sqatlo, and sawtemqen (Turney-High 1937; Stubbs 1966; Hart 1974).

The Ichishkiin Sínwit (Sahaptin), along the Columbia River between Oregon and Washington, boiled klwinc as a poultice for arthritis (Hunn 1990).

In Montana, the Nimi’ipuu (meaning “we, the people”) or Nez Perce (meaning “pierced nose”) know this lichen as ho.pop or hóopop. When decocted, the broth from it was given to treat upset stomach, indigestion, and diarrhea (Hart 1976; Marshall 1977). (As a side note, although Nez Perce was the name given to this group by French-Canadian fur traders, a pierced nose was never their practice.)

The Nlaka’pamux (also known as the Thompson or Thompson River Salish) know black tree hair lichen as /wi?e, or wi-uh. The lichen was heated on rocks around a fire and applied to fresh wounds, after warts were cut off (Teft and Boas 1900; Turner et al. 1990). The Nlaka’pamux prepared a pudding with the lichen and various Allium species and berries, forming a black, chewy mass. “Now called ‘black tree-lichen,’ it is still being prepared by the Nlaka’pamux of south-central British Columbia (in modern ovens, these days) and served as a kind of taffy candy called we’ia, or wíla, with the texture and appearance, if not the flavor, of licorice” (Brodo et al. 2001).

When steam-pit cooked, a twenty-centimeter-thick layer of this mixture reduces after steaming to a thickness of four centimeters. Dried cakes of this were carried on long journeys. Pregnant women would not eat the lichen bread for fear of turning their babies a dark color.

The Tsilhqot’in or Chilcotin, “people of the river,” living near Williams Lake, British Columbia, know Bryoria species as texa or taxa. They burned this lichen, along with their own hair, into ash, which was then rubbed into the scalp to stop hair from turning gray (Kay 1995; Turner 2004a).

The neighboring Okanagan (Sylix) call this lichen skwelip, or sqwel’íp. They mixed it with wild berry juice and simmered the mixture into a syrup that was given to recently weaned babies (Gabriel and White 1954). The Okanagan would also cook it with false Solomon’s seal rhizomes, while others would sweeten it with a unique sugar called trehalose, found on Douglas fir needles.

Bryoria species have been applied as a poultice to reduce swellings, either decocted or in dry form, by the Atsugewi of California (Garth 1953).

Trehalose exhibits benefit in diabetes and possibly in Huntington’s disease (Rogers 2019). The sugar crosses the blood–brain barrier. Trehalose ameliorated diabetic cardiomyopathy in an in vivo study in mice (Liu et al. 2021). Evidence suggests it works via the PK2/PKR pathway. The rare sugar also promotes functional recovery in mice with spinal cord injury, via the suppression of ferroptosis, an oxidizing cell death iron-dependent pattern. In work by Gong et al. (2022), trehalose reduced the degeneration and iron accumulation of neurons, by inhibiting the production of ferroptosis and the molecules called reactive oxygen species (ROS). Survival of neurons and improved recovery of motor function were noted.
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