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A person can know himself only
Insofar as he knows the world, which
he perceives only in himself, and
himself only in it. Every new object,
well investigated, opens up a new
organ in oneself.

-- Johann Wolfgang von Goethe
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https://en.wikipedia.org/wiki/Buellia_frigida
https://www.sciencedirect.com/science/article/pii/S0014579312005935

de La Torre, et al.
(2010). Survival of
lichens and bacteria
exposed to outer
space conditions—
results of the
Lithopanspermia
experiments. Icarus, 2
08(2), 735-748
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de la Torre Noetzel et al. 2020. Lichen
vitality after a space flight on board the
EXPOSE-R2 facility outside the
international space station: results of the
biology and Mars

experiment. Astrobiology, 20(5), 583-600.
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"fat of the earth” — "honey earth” — "pigeon dung” — “earth excrement” —
‘manna’



https://www.anbg.gov.au/lichen/case-studies/diyarbakir-manna.html

Sohrabi, M., Leavitt, S. D., Obermayer, W., & Mayrhofer, H. (2023). Circinaria

nimisii (Meqgasporaceae, lichenized Ascomycota), a nhew manna lichen from
Greece. The Lichenologist, 55(5), 367-376.



https://www.cambridge.org/core/journals/lichenologist/article/circinaria-nimisii-megasporaceae-lichenized-ascomycota-a-new-manna-lichen-from-greece/C64CE5C54EC77FB1C9EEAE74C372D555
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How many lichen partners?

« How scientists got it wrong for 150 years — YouTube video
e Research article describing “third” lichen partner
 More recent findings



https://www.youtube.com/watch?v=Fkw_VF5zDT0
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=vPlIL5IAAAAJ&citation_for_view=vPlIL5IAAAAJ:dfsIfKJdRG4C
https://journals.plos.org/plosbiology/article?id=10.1371/journal.pbio.3002862

Super-Earths throw SCIENCE

theorists for a loop p. 438

s in Positive discrimination

i Frsmos . How a Guy From a Montana Trailer Park Overturned
150 Years of Biology

Biology textbooks tell us that lichens are alliances between two organisms—a

29 JULY 2016 fungus and an alga. They ar

sciencemag.org

ED YONG JUL 21,2016

SCIENCE
The Overlooked Organisms That Keep Challenging Our
Assumptions About Life

Gorgeous and weird, lichens have pushed the boundaries of our understanding of nature—and our way of
studying it.

ED YONG JANUARY 17, 2019
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Symbiotic outcomes
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https://www.sciencedirect.com/science/article/pii/S136952661730211X

If a lichen is a fungus and an alga — what
would you see if you could seauence a
lichen’s DNA?

What if it was two fungi and an alga?



Published: 22 October 2020

Metagenomic data reveal diverse fungal and algal
communities associated with the lichen symbiosis

Grewe, Imke Schmitt, H. Thorsten Lumbsch & Steven D. Leavitt

Symbiosis 82, 133-147(2020) | Cite this article

207 Accesses | 11 Altmetric | Metrics






https://link.springer.com/article/10.1007/s11557-023-01901-9

Implies assimilation rather than just living together

* the acquisition of an organism(s) by another unlike organism(s),
and through subsequent long-term integration, new structures
and metabolism(s) emerge.

testable

Symbiosis
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Figure 3: Maps of estimated factor (source) contributions from the six-factor EPA PMF
model fit. Note the distinct scales for each panel.
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https://onlinelibrary.wiley.com/doi/full/10.1002/env.2785

ichen communities associated with playas in the
Basin Desert




Granite rock speck lichens — Lecanora
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' The nominal taxon represents more than 100
» candidate species worldwide

High species-level diversity at local sites and
mountain ranges with high proportions of
endemic lineages

Most sampled specimens belong to
cosmopolitan lineages

More site-specific endemics than
cosmopolitan lineages

the La Sal Mountains had up to 14 candidate species,
while candidate species other nearby mountains had
3. Fyng) paRly &bkraBping stitescor candidaite speci

Diversity 2024, 16(2), 88;
https://doi.org/10.3390/d16020088



https://www.mdpi.com/2309-608X/8/5/490
https://doi.org/10.3390/d16020088

Brown tile lichens — Lecidea atrobrunnea
complex
Tl o e

* In western North America, a
dizzying array of morphologles and
chemistry occur at local scales

« Genetic data show geographically
restricted species, with fascinating
biogeographical patterns,
challenging the assumed
cosmopolitan distribution of L.
atrobrunnea s. lat.

 ten candidate species in the La Sals

L.Chenggﬂgg%}ozs%;egg%ganges have distinct
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https://doi.org/10.1017/S0024282923000270
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imagination for”

“We can only ask questions that we have

Steve |leavitt@byu.edu
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