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Learning to see takes 
effort 

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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Buellia frigida

Microorganisms in the Atacama Desert
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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

https://www.sciencedirect.com/science/article/pii/S0019103510001120
https://www.sciencedirect.com/science/article/pii/S0019103510001120
https://www.sciencedirect.com/science/article/pii/S0019103510001120
https://www.sciencedirect.com/science/article/pii/S0019103510001120
https://www.sciencedirect.com/science/article/pii/S0019103510001120
https://www.sciencedirect.com/science/article/pii/S0019103510001120


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.

https://www.liebertpub.com/doi/full/10.1089/ast.2018.1959
https://www.liebertpub.com/doi/full/10.1089/ast.2018.1959
https://www.liebertpub.com/doi/full/10.1089/ast.2018.1959
https://www.liebertpub.com/doi/full/10.1089/ast.2018.1959
https://www.liebertpub.com/doi/full/10.1089/ast.2018.1959
https://www.liebertpub.com/doi/full/10.1089/ast.2018.1959


Molina, et al. (2015). Mycoscience, 56(4), 351-358.



photobiont mycobiont







"fat of the earth” – "honey earth" – "pigeon dung” – “earth excrement” – 
“manna”
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How many lichen partners?

• How scientists got it wrong for 150 years – YouTube video
• 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
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If a lichen is a fungus and an alga – what 
would you see if you could sequence a 

lichen’s DNA?

What if it was two fungi and an alga?

What if it was an ecosystem?





Link to study

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


Symbiosis

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

Implies assimilation rather than just living together Process & non-ephemeral

1+1=1 Viewable, comparative, cellular or macro

testable





“To be is to inter-be”
everything depends for its existence on everything else

Holst, M. A. (2021). “To be is to inter-be”: Thich 

Nhat Hanh on interdependent arising. Journal of 

World Philosophies, 6(2), 17-30.
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"fat of the earth” – "honey earth" – "pigeon dung” – “earth excrement” – 
“manna”





https://lichenairquality.com

Link to paper

https://onlinelibrary.wiley.com/doi/full/10.1002/env.2785


Lichen communities associated with playas in the 
Great Basin Desert



Granite rock speck lichens – Lecanora 
polytropa complex

J. Fungi 2022, 8(5), 490; https://doi.org/10.3390/jof8050490

Diversity 2024, 16(2), 88; 

https://doi.org/10.3390/d16020088

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 

only partly overlapping suites of candidate species

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


Brown tile lichens – Lecidea atrobrunnea 
complex

• in western North America, a 
dizzying array of morphologies 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

• Other mountain ranges have distinct 
suites of species

Lichenologist 2023, 55(5), 253; 

https://doi.org/10.1017/S0024282923000270

https://doi.org/10.1017/S0024282923000270




“We can only ask questions that we have imagination for”

steve_leavitt@byu.edu
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