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Introduction

Page 3. As sixteenth-century Swiss physician. Philippus Theophrastus Aureolus Bombastus von
Hohenheim (1493-1541), later known as Paracelsus, was a founder of the field of toxicology. The
maxim “the dose makes the poison” paraphrases what Paracelsus wrote in German: “Alle Dinge
sind Gift, und nichts ist ohne Gift; allein die dosis machts, daf$ ein Ding kein Gift sei.” This is
translated into English as: “All things are poison and nothing is without poison; only the dose
makes it so that a thing is not a poison.”

1. Paracelus, Theophrastus. “Die dritte Defension wegen des Schreibens der neuen
Rezepte.” In Septem Defensiones 1538. Werke Bd. 2, Darmstadt 1965, S. 510.
Accessed June 19, 2023: http:/ /www.zeno.org/nid /20009261362.

Page 3. At the wrong dose. Atmospheric oxygen can become toxic at partial pressures higher than
those at sea level. Excess reactive oxygen species like superoxide radicals may overwhelm
antioxidant buffering mechanisms and damage biomolecules prone to oxidation, such as lipids.

2. Fridovich, I. (1998). “Oxygen Toxicity: A Radical Explanation.” Journal of
Experimental Biology, 201(8), 1203-1209. https://doi.org/10.1242 /jeb.201.8.1203

Page 4. The chemicals that I call toxins. The “war of nature” quote is from page 490 of the first
British edition of the book that became known as The Origin of Species by Charles Darwin, who
wrote: “Thus, from the war of nature, from famine and death, the most exalted object which we
are capable of conceiving, namely, the production of the higher animals, directly follows.”
Darwin mused about how. The “entangled bank” quote is from page 489.

3. Darwin, C. (1859). On the Origin of Species by Means of Natural Selection, or the
Preservation of Favoured Races in the Struggle for Life. London: Murray (1st edition).
Accessed June 19, 2023: http:/ /darwin-online.org.uk/Variorum/1859/1859-490-
c-1860.html.

Page 7. It often hosts more great gray owls. The Sax-Zim Bog supports many great gray owl (Strix
nebulosa) individuals during irruption years when microtine rodent populations wane in more
northerly regions.

4. Svingen, P.H. and Lind, J.W. (2005). “The 2004-2005 influx of northern owls part
II: Great gray owl.” The Loon 77: 194-208. Accessed June 19, 2023:
https://www.moumn.org/loon/pdf/2005.pdf#page=194.

Page 8. The local school. The Toivola-Meadowlands School was initially closed by Independent
School District #710 in 1992 owing to decreasing enrollment and then briefly operated as a
charter school before permanently closing in 1998. Noah Whiteman received his high school
diploma from the charter school in 1994.

5. Whiteman, N. 2023. Personal observation.
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Chapter 1. Deadly Daisies

Page 9. Within the infant rind. This quote is from Act 2, Scene 3 from William Shakespeare’s
Romeo and Juliet. Friar Laurence carries a basket containing medicinal herbs that hold both the
power to cure and the power to harm.

6. Shakespeare, W. (1594). The Tragedy of Romeo and Juliet. Open Source
Shakespeare. George Mason University. Accessed June 20, 2023:
https:/ /www.opensourceshakespeare.org.

Page 9. Even in its “infant rind,” the mum. Matricin, also known as matricine, is a sesquiterpene
lactone chemical produced by Asteraceae. In the acidic environment of the human stomach,
matricin is converted into chamazulene carboxylic acid, which decarboxylates into
chamazulene. Chamazulene carboxylic acid and chamazulene are hypothesized to have anti-
inflammatory effects with modes of action similar to synthetic non-steroidal anti-inflammatory
drugs (NSAID) ibuprofen and naproxen. This is likely due to the structural similarities between
chamazulene carboxylic acid, chamazulene and NSAIDs, which inhibit proinflammatory
enzymes. Chamazulene was the most abundant terpenoid released by the mountain yarrow
Achillea collina after aphid infestation, implicating its role as an anti-herbivore defense.

7. Ramadan, M., Goeters, S., Watzer, B., Krause, E., Lohmann, K., Bauer, R,,
Hempel, B., & Imming, P. (2006). “Chamazulene Carboxylic Acid and Matricin:
A Natural Profen and Its Natural Prodrug, Identified through Similarity to
Synthetic Drug Substances.” Journal of Natural Products, 69(7), 1041-1045.
https:/ /doi.org/10.1021/np0601556

8. Safayhi, H., Sabieraj, J., Sailer, E. -R., and H. P. T. Ammon. (1994). “Chamazulene:
An antioxidant-type inhibitor of leukotriene B4 formation.” Planta Medica 60: 410-
413. https:/ /doi.org/10.1055/5-2006-959520.

9. Giorgi, A., Panseri, S., Nanayakkarawasam, N., N. M. C., Chiesa, L. M. (2012).
“HS-SPME-GC/MS analysis of the volatile compounds of Achillea collina:
Evaluation of the emissions fingerprint induced by Myzus persicae infestation.”
Journal of Plant Biology 55: 251-260. https:/ /doi.org/10.1007/s12374-011-0356-0.

Page 9. The eastern white pine held its own piperidine alkaloids. Piperidine is a heterocyclic amine
(see Appendix) naturally produced by plants like those in the genus Piper. Piperidine was
discovered in the 19th century when piperine was treated with nitric acid in the laboratory.
Piperine and an isomer of piperine called chavicine are the predominant molecules that drive
the peppery taste of black pepper (Piper nigrum). The piperidine ring is also used as the
foundation for synthetic drugs, including fentanyl. Piperidine alkaloids are found in many
species of spruce, fir, and pine, including the eastern white pine (Pinus strobus), which produces
pinidine. These chemicals are also made by distantly related plants, such as poison hemlock
(Conium maculatum), which produces the highly toxic piperidine alkaloid coiinne, and by
pitcher plants (Sarracenia spp.), which ostensibly paralyzes the insects that fall into the pitcher.
Coiinine and related alkaloids in poison hemlock may have killed Socrates. Insects also
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synthesize piperidine alkaloids, including fire ants (Solenopsis spp.), which produce solenopsins
that are venom components, and coccinellid beetles, which produce other piperidines that are
secreted in defensive glands or during reflex bleeding. Piperidine alkaloids thus play a
defensive role against natural enemies of both the plants and insects that synthesize these

chemicals.

10.

11.

12.

13.

14.

15.

16.

Qrsted, Hans Christian (1820). “Uber das piperin, ein neues pflanzenalkaloid.”
Schweiggers Journal fiir Chemie und Physik 29: 80-82. Accessed June 22, 2023:
https:/ /books.google.com/books?id=k-
M4AAAAMAA]&pg=PA80#v=onepage&q&f=false

Velickovic', D., Liao, H.-L., Vilgalys, R., Chu, R. K., and Anderton, C. R. (2019).
“Spatiotemporal transformation in the alkaloid profile of Pinus roots in response
to mycorrhization.” Journal of Natural Products 82: 1382-1386. Accessed June 22,
2023: https:/ /pubs.acs.org/doi/full/10.1021/acs.jnatprod.8b01050.

Warnhoff, Edgar W. (1998). "When piperidine was a structural problem." Bull.
Hist. Chem 22: 29-34. Accessed June 20, 2023:
http:/ /acshist.scs.illinois.edu/bulletin_open_access/num?22/num?22 %20p29-

34.pdf.

MacConnell, J. G., Blum, M. S., & Fales, H. M. (1971). The chemistry of fire ant
venom. Tetrahedron, 27(6), 1129-1139. https:/ /doi.org/10.1016/5S0040-
4020(01)90860-9

Tawara, J. N., A. Blokhin, T. A. Foderaro, and F. R. Sermitz. (1993). “Toxic
piperidine alkaloids from pine (Pinus) and spruce (Picea) trees. New structures
and a biosynthetic hypothesis.” Journal of Organic Chemistry 58: 4813-4818.
Accessed June 22, 2023: https:/ /pubs.acs.org/doi/abs/10.1021/j000070a014

Mody, V., Henson, R., Hedin, P. A., Kokpol, U., and D. H. Miles. (1976).
“Isolation of the insect paralyzing agent coniine from Sarracenia flava.” Experientia
32: 829-830. Accessed June 22, 2023:

https:/ /link.springer.com/article/10.1007/BF02003710

Shtykova, L., Masuda, M., Eriksson, C,, Sjodin, K., Marling, E., Schlyter, F., &
Nydén, M. (2008). Latex coatings containing antifeedants: Formulation,
characterization, and application for protection of conifer seedlings against pine
weevil feeding. Progress in Organic Coatings, 63(2), 160-166.
https://doi.org/10.1016 /j.porgcoat.2008.05.006

Page 9. St. John’s wort contains the phenolic compound hypericin. St. John's Wort produces the
anthraquinone derivative hypericin, which has a large chromophore structure (see Appendix)
that absorbs visible light in the 590 nm range. Upon digestion, hypericin moves through the
blood to the skin and can be toxic owing to the production of singlet oxygen, which is highly
reactive with biomolecules. Hypericin is a toxin to herbivorous insects as well as livestock and
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other domestic animals that feed on this plant can be injured owing to photosensitivity. The
plant is also widely used medicinally.

17. Volmer, ].J. and Rosenson J. (2004). “Chemistry of St. John’s Wort: Hypericin and
Hyperforin.” Journal of Chemical Education 81: 1450-1465. Accessed June 22, 2023:
https:/ /pubs.acs.org/doi/pdf/10.1021/ed081p1450

18. Giese, A. C. (1980). “Hypericism.” Photochemical and Photobiological Reviews 5:229-
255. Accessed June 22, 2023: https:/ /link.springer.com/chapter/10.1007 /978-1-
4684-3641-9 6

19. Pace, N. (1942). “The etiology of hypericism, a photosensitivity produced by St.
John's Wort.” American Journal of Physiology 136: 650-656. Accessed June 22, 2023:
https:/ /journals.physiology.org/doi/pdf/10.1152/ajplegacy.1942.136.4.650

20. Samuels, R., Knox, P. (1989). “Insecticidal activity of hypericin towards Manduca
sexta larvae.” Journal of Chemical Ecology 15: 855-862. Accessed June 22, 2023:
https:/ /link.springer.com/article/10.1007/BF01015181

Page 9. and sea holly, the aldehyde eryngial. The sea holly (Eryngium maritimum), a member of the
dill family (Apiaceae) produces the aldehyde eryngial, also called trans-2-dodecenal (see
Appendix). Other members of the dill family such as cilantro (coriander; Coriandrum sativum),
ginger (Zingiber officionale), citrus (orange peel; Citrus x sinensis) also produce this compound, as
do some Rhinocricus millipedes. Sea holly has been used as a medicinal for a variety of ailments.

21. Forbes, W. M., Gallimore, W. A., Mansingh, A., Reese, P. B., & Robinson, R. D.
(2014). Eryngial ( trans -2-dodecenal), a bioactive compound from Eryngium
foetidum : its identification, chemical isolation, characterization and comparison
with ivermectin in vitro. Parasitology, 141(2), 269-278.
https:/ /doi.org/10.1017/5003118201300156 X

22. Manville, R. W., & Abbott, G. W. (2019). Cilantro leaf harbors a potent potassium
channel-activating anticonvulsant. The FASEB Journal, 33(10), 11349-11363.
https:/ /doi.org/10.1096/£i.201900485R

23. Wheeler, J. W., Meinwald, ]J., Hurst, J. J., & Eisner, T. (1964). trans -2-Dodecenal
and 2-Methyl-1,4-Quinone Produced by a Millipede. Science, 144(3618), 540-541.
https:/ /doi.org/10.1126/science.144.3618.540

Page 10. The needles of eastern white pine have long been used. This species (Pinus strobus) and many
others in the genus Pinus have been used by Indigenous peoples of North America as
medicinals to treat a variety of conditions, from dermatological to respiratory. An example is
given below, but also see

24. Rousseau, J., (1947). “Ethnobotanique Abenakise.” Archives de Folklore 11: 145-
182. Accessed June 22, 2023. Found by searching “Pinus strobus via
http:/ /naeb.brit.org/uses/species/2977.
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25. Kimmerer, R. W. (2021). “Hearing the language of Trees.” Yes Magazine. Excerpt
from The Mind of Plants: Narratives of Vegetal Intelligence, eds. by J. C. Ryan, P.
Viera, and M. Galiano, published by Synergetic Press (2021). Accessed June 23,
2023: https:/ /www.yesmagazine.org/environment/2021/10/29/hearing-the-
language-of-trees.

26. Flood, M., & Myhal, N. (2022). White Pine in Time and Place. History of Pharmacy
and Pharmaceuticals, 63(2), 302-327. https:/ /doi.org/10.3368 /hopp.63.2.302.

Page 10. Hypericin in St. John’s wort is widely used.

27. Linde, K., Ramirez, G., Mulrow, C. D., Pauls, A., Weidenhammer, W., &
Melchart, D. (1996). St John’s wort for depression--an overview and meta-
analysis of randomised clinical trials. BM], 313(7052), 253-258.
https:/ /doi.ore/10.1136/bmj.313.7052.253

28. Nahrstedt, A., & Butterweck, V. (2010). Lessons Learned from Herbal Medicinal
Products: The Example of St. John's Wort. Journal of Natural Products, 73(5), 1015-
1021. https:/ /doi.org/10.1021 /np1000329

Page 10. Finally, Jamaican scientists.

29. Forbes, W. M., Gallimore, W. A., Mansingh, A., Reese, P. B., & Robinson, R. D.
(2014). Eryngial ( trans -2-dodecenal), a bioactive compound from Eryngium
foetidum : its identification, chemical isolation, characterization and comparison
with ivermectin in vitro. Parasitology, 141(2), 269-278.
https:/ /doi.org/10.1017/5003118201300156 X

Page 10. One big hint came.

30. Manville, R. W., & Abbott, G. W. (2019). Cilantro leaf harbors a potent potassium
channel-activating anticonvulsant. The FASEB Journal, 33(10), 11349-11363.
https:/ /doi.org/10.1096/£i.201900485R

Page 12. We scattered his ashes. The quote “shining Big-Sea-Water” of Lake Superior” is from
Henry Wadsworth Longfellow’s 1855 poem The Song of Hiawatha I1I. Hiawatha’s Childhood.
Accessessed June 23, 2023: https:/ /www.hwlongfellow.org/poems_poem.php?pid=277. The
relevant excerpt is here:

By the shores of Gitche Gumee,

By the shining Big-Sea-Water,

Stood the wigwam of Nokomis,
Daughter of the Moon, Nokomis.
Dark behind it rose the forest,

Rose the black and gloomy pine-trees,
Rose the firs with cones upon them;
Bright before it beat the water,

Beat the clear and sunny water,

Beat the shining Big-Sea-Water.
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Page 13. The two outermost pieces are of black walnut. Juglone (5-hydroxy-1,4-naphthoquinone) is
produced by walnut trees and when it leaches into the soil, can inhibit the growth of other
plants. Juglone is an isomer of lawson (2-hydroxy-1,4-naphthoquinone), which is the red-
staining dye in henna.

31. Cook, M.T. (1921). “Wilting caused by walnut trees.” Phytopathology 11: 346. Not
available online.

32. Willis, R. J. (2000). “Juglans spp., juglone and allelopathy.” Allelopathy Journal 7:
1-55. Accessed June 23, 2023:
https:/ /www.allelopathyjournal.com/Journal Articles/AJ %207 %20(1)%20Janua
1y, %202000%20(1-55).pdf.

Page 14. In the Achilleid, first-century. The origins of the imperfect vulnerability motif involving
Thetis and her son Achilles from

33. Harrauer, C. (2010). “Why Styx? Some remarks on Satius’s Achilleid.” Wiener
Studien 123: 167-175. Accessed June 23, 2023:
https:/ /www jstor.org/stable/24752330.

Page 14. As our own lineage.

34. Bramble, D. M., & Lieberman, D. E. (2004). Endurance running and the evolution
of Homo. Nature, 432(7015), 345-352. https:/ /doi.org/10.1038 /nature03052

35. Gibbons, A. (2013). “Human evolution: Gain came with pain blame your bad
back and sprained ankle on an imperfect reworking of the ape body plan.”

Science. doi: 10.1126/ article.26387. Accessed June 24, 2023:
https:/ /www.science.org/ content/ article/ human-evolution-gain-came-pain

Page 16. Pyrethrum powder was first. The first reference below has been translated into English
online (if the website is visited the journal gives one the option of German or English). The
second reference is an excellent history and detailed account of the use of pyrethrum powder
over time.

36. Roth, K., & Vaupel, E. (2017). Von Insekten, Chrysanthemen und Menschen.
Chemie in Unserer Zeit, 51(3), 162-184. https:/ /doi.org/10.1002/ciuz.201700786

37. McDonnell, C. C., Roark, R. C., & Keenan G. L. (1920). [revised 1926]. Insect
Powder. Bulletin No. 824. U.S. Department of Agriculture. Accessed June 24, 2023:
https:/ /www.google.com/books/edition/Insect Powder/XFZCAQAAMAAJ?h

I=en&gbpv=0.

Page 17. Chrysanthemums have been. The role of Japanese scientists in particular is surveyed in
the reference below.
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38. Matsuo, N. (2019). “Discovery and development of pyrethroid insecticides.
Proceedings of the Japan Academy.” Series B, Physical and Biological Sciences. 95:
378-400. Accessed June 24, 2023: https:/ /doi.org/10.2183 / pjab.95.027.

Page 18. This physiological reaction sounds bad. A few examples of the off-target effects of natural
and synthetic pyrethrins.

39. Antwi, F. B, & Reddy, G. V. P. (2015). Toxicological effects of pyrethroids on
non-target aquatic insects. Environmental Toxicology and Pharmacology, 40(3), 915-
923. https:/ /doi.org/10.1016/j.etap.2015.09.023

40. Haya, K. (1989). Toxicity of pyrethroid insecticides to fish. Environmental
Toxicology and Chemistry, 8(5), 381-391. https://doi.org/10.1002/etc.5620080504

Page 18. Dose for dose.

41. Roth, K., & Vaupel, E. (2017). Von Insekten, Chrysanthemen und Menschen.
Chemie in Unserer Zeit, 51(3), 162-184. https:/ /doi.org/10.1002/ciuz.201700786

Page 18. For example, a single. Although this article focused on the rat, the authors changed one
amino acid in one of the rat’s voltage gated sodium channels to mimic the insect version and
found that that one amino acid change can explain the high susceptibility of arthropods,
including insects, to pyrethrins.

42. Vais, H., Atkinson, S., Eldursi, N., Devonshire, A. L., Williamson, M. S., &
Usherwood, P. N. R. (2000). A single amino acid change makes a rat neuronal

sodium channel highly sensitive to pyrethroid insecticides. FEBS Letters, 470(2),
135-138. https:/ /doi.org/10.1016/5S0014-5793(00)01305-3

Page 18. By contrast, cats. Cats are missing an enzyme necessary for the detoxification of
pyrethrins.

43. Boland, L. A., & Angles, ]. M. (2010). Feline permethrin toxicity: Retrospective
study of 42 cases. Journal of Feline Medicine and Surgery, 12(2), 61-71.
https:/ /doi.org/10.1016/].jfms.2009.09.018

Page 18. Consider the sad story. Although there are apocryphal stories of newts poisoning people
in a variety of contexts, the below is a true story involving a dare gone wrong.

44. Bradley, S. G., & Klika, L. J. (1981). A Fatal Poisoning From the Oregon Rough-
Skinned Newt (Taricha granulosa). JAMA: The Journal of the American Medical
Association, 246(3), 247. https:/ /doi.org/10.1001/jama.1981.03320030039026

Page 18. Although pyrethrins are made by plants, tetrodotoxin.

45. Tani, T. (1945). Nihonsan Fugu no Chudokugakuteki Kenkyu (Toxicological
Studies on Japanese Puffer). Tokyo, Teikokutosho, 1945, 15-27.
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46. Yokoo, A. (1950). Study on chemical purification of tetrodotoxin (3)-purification
of spheroidine. Journal of the Chemical Society of Japan, 71(11), 590-592.

47. Mosher, H. S., Fuhrman, F. A., Buchwald, H. D., & Fischer, H. G. (1964).
Tarichatoxin — Tetrodotoxin: A Potent Neurotoxin. Science, 144(3622), 1100-1110.
https:/ /doi.org/10.1126/science.144.3622.1100

48. Sheumack, D. D., Howden, M. E. H., Spence, 1., & Quinn, R. J. (1978).
Maculotoxin: A Neurotoxin from the Venom Glands of the Octopus
Hapalochlaena maculosa Identified as Tetrodotoxin. Science, 199(4325), 188-189.
https://doi.org/10.1126 / science.619451

49. Chau, R,, Kalaitzis, ]. A., & Neilan, B. A. (2011). On the origins and biosynthesis
of tetrodotoxin. Aquatic Toxicology, 104(1-2), 61-72.
https:/ /doi.org/10.1016/j.aquatox.2011.04.001

Page 18. There is nothing inherently healthy about natural products.

50. Meier, B. P., Dillard, A. J., & Lappas, C. M. (2019). Naturally better? A review of
the natural-is-better bias. Social and Personality Psychology Compass, 13(8).
https:/ /doi.org/10.1111/spc3.12494

Page 19. Darwin remarked that the birds. Quote “a gun here is almost superfluous; for with the
muzzle of one I pushed a hawk off the branch of a tree” from reference below, also known as
The Voyage of the Beagle.

51. Darwin, C. 1890. Journal of researches into the natural history and geology of the
various countries visited by H.M.S. Beagle etc. (First Murray illustrated ed.),
London: John Murray.
Page 20. One of the largest in the world.

52. Clark, D. B. (1979). A Centipede Preying on a Nestling Rice Rat (Oryzomys
bauri). Journal of Mammalogy, 60(3), 654-654. https:/ /doi.org/10.2307 /1380119

53. Ortiz-Catedral, L., Christian, E., Chimborazo, W., Sevilla, C., & Rueda, D. (2021).
A Galapagos centipede Scolopendra galapagoensis preys on a Floreana Racer
Pseudalsophis biserialis. Galapagos Research, 70, 2-4.

54. Menezes, J. C. T., & Marini, M. A. (2017). Predators of bird nests in the
Neotropics: a review. Journal of Field Ornithology, 88(2), 99-114.
https:/ /doi.org/10.1111 /jofo.12203

Page 20. Before working in the Galdpagos.

55. Clay, T. (1958). Revisions of Mallophaga genera. Degeeriella from the
Falconiformes. Bulletin of the British Museum of Natural History, Entomology 7: 121-
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207. Accessed June 26 2023:
https:/ /www.biodiversitylibrary.org/page/2279225#page /137 /mode/lup

56. Price, R. D., & Beer, ]. R. (1963). Species of Colpocephalum (Mallophaga:
Menoponidae) Parasitic upon the Falconiformes. The Canadian Entomologist, 95(7),
731-763. https:/ /doi.org/10.4039/Ent95731-7

Page 20. [ wanted to use mutations.

57. Whiteman, N. K., & Parker, P. G. (2005). Using parasites to infer host population
history: a new rationale for parasite conservation. Animal Conservation, 8(2), 175-
181. https:/ /doi.org/10.1017/51367943005001915

Page 20. It was likely that each hawk.

58. Koop, J. A. H., DeMatteo, K. E., Parker, P. G., & Whiteman, N. K. (2014). Birds are
islands for parasites. Biology Letters, 10(8), 20140255.
https:/ /doi.org/10.1098 /rsbl.2014.0255

Page 21. The first hawk that 1 “dust ruffled.”

59. Clayton, D. H. and Drown D. M. (2001). Critical evaluation of five methods for
quantifying chewing lice (Insecta: Phthiraptera). Journal of Parasitology 87: 1291~
1300. Accessed June 26, 2023: https:/ /doi.org/10.1645/0022-
3395(2001)087[1291:CEOFMF]2.0.CO;2.

Page 21. Through our research.

60. Whiteman, N. K., Kimball, R. T., & Parker, P. G. (2007). Co-phylogeography and
comparative population genetics of the threatened Galapagos hawk and three
ectoparasite species: ecology shapes population histories within parasite
communities. Molecular Ecology, 16(22), 4759-4773.
https:/ /doi.org/10.1111/7.1365-294X.2007.03512.x

Page 21. The mangrove finch.

61. Fessl, B, Young, G. H., Young, R. P., Rodriguez-Matamoros, J., Dvorak, M.,
Tebbich, S., & Fa, ]. E. (2010). How to save the rarest Darwin’s finch from
extinction: the mangrove finch on Isabela Island. Philosophical Transactions of the
Royal Society B: Biological Sciences, 365(1543), 1019-1030.
https:/ /doi.org/10.1098 /rstb.2009.0288

Page 21. It is being ravaged.

62. O’Connor, J. A, Sulloway, F. J., Robertson, J., & Kleindorfer, S. (2010). Philornis
downsi parasitism is the primary cause of nestling mortality in the critically

endangered Darwin’s medium tree finch (Camarhynchus pauper). Biodiversity and
Conservation, 19(3), 853-866. https:/ /doi.org/10.1007/s10531-009-9740-1




NOTES TO: MOST DELICIOUS POISON, BY NOAH WHITEMAN, COPYRIGHT 2023,
ALL RIGHTS RESERVED.

Page 21. To control these awful flies.

63. Causton, C. E. & Lincango, M. P. (2014). Review of chemical control methods for
use against Philornis downsi in nests of threatened Galapagos birds, with an in-
depth nontarget risk assessment of permethrin. Technical report No 1-2014.
Charles Darwin Foundation for the Galapagos Islands. ISSN: 1390-6526.

64. Tebbich, S., Cimadon, A., Cunninghame, F., Anchundia, D., Causton, C., and
Fessl, B. (2019). Protocolo para la aplicaciéon de insecticidas en la base de nidos
de aves terrestres amenazadas en Galdpagos. Informe Tecnico No. 03 20109.
Charles Darwin Foundation, Galapagos, Ecuador. Not available online.

Page 21. Cleverly, ecologist Sarah Knutie.
65. Knutie, S. A., McNew, S. M., Bartlow, A. W,, Vargas, D. A., & Clayton, D. H.
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Page 23. In fact, those first used by Indigenous healers have yielded nearly 50% of all modern drugs.
This is primarily based on the World Health Organization’s estimate of 40% (Ref. 67). However,
it is not clear how that 40% figure was calculated. I found that it is possible to arrive at a figure
near this independently, considering two elements. The first element is the proportion of
modern drugs in the strict sense (e.g., those prepared by the pharmaceutical industry and/or
clinical settings) that are from natural products or inspired from them (e.g., mimics, use a
natural product as a core, etc.), and the second is the proportion of these drugs that are derived
from Indigenous knowledge/traditional healing practices in the broadest sense (e.,g.,
traditional medicine henceforth). I provide information on each element below, which gives me
confidence that the nearly 50% of all modern drugs claim is reasonable.

Percent of modern drugs from nature or inspired by it: This quote, by authors of a quantitative
review of the literature speaks for itself (Ref. 68): “By 1990, about 80% of drugs were either
natural products or analogs inspired by them. Antibiotics (e.g., penicillin, tetracycline,
erythromycin), antiparasitics (e.g., avermectin), antimalarials (e.g., quinine, artemisinin), lipid
control agents (e.g., lovastatin and analogs), immunosuppressants for organ transplants (e.g.,
cyclosporine, rapamycins) and anticancer drugs (e.g., taxol, doxorubicin) revolutionized
medicine.” A slightly lower figure for natural product-derived drugs as a percentage of the total
is given for 1993, when over 50% of all drugs used in clinical settings were still derived from
natural products or inspired by them (Ref. 69). Similar estimates were arrived at by others (e.g,.
Ref. 70). This figure of ~50% remained the same (Ref. 71) for new drugs as well: of 1881 total
drugs approved by the Food and Drug Administration (FDA) and similar entities (from 1981-

10



NOTES TO: MOST DELICIOUS POISON, BY NOAH WHITEMAN, COPYRIGHT 2023,
ALL RIGHTS RESERVED.

2019) at least 921 (49.44%) were derived from natural products or inspired by them--the “at
least” is because this figure does not include “biological macromolecules” that were also
approved, which would include proteins or peptides derived originally from natural sources
(e.g., components of cone snail venom, snake venom, leech saliva, etc.). Just for cancer drugs
alone since 1981, of 185 new small molecules approved for cancer treatment, 120, or 64.9% were
derived from natural products or inspired by them (Ref. 71).

In summary, for new drugs (from 1981-2019), the estimate of those coming from nature or
inspired by those molecules is likely at least 50%, assuming some of the “biological
macromolecules” are of natural origin but created through recombinant technology. Coupled
with older estimates (e.g,. Ref. 69 as an example), the 50% figure for modern drugs being of
natural product origin or inspired by them, seems quite reasonable and conservative.

Percent of drugs from natural products or those inspired by them that emerged from traditional
medicine sensu lato: In Ref. 72, Fabricant and Farnsworth (2001) cleverly sought (there are many
other similar studies as well) to determine what proportion of drugs used in modern medicine
were also found in medicinal plants (which doesn’t include fungi, animals, bacteria, etc.) that
were deployed in traditional medicine:

“We were requested by the WHO Traditional Medicine Programme (TRM) several years
ago to provide evidence that ethnomedical information did indeed lead to useful drug
discovery. We sent letters to the WHO-TRM centers throughout the world asking for
their assistance in identifying all plant-derived pure compounds used as drugs in their
respective countries. In addition, we surveyed pharmacopoeias of developed and
developing countries to identify all such useful drugs. Next we surveyed the scientific
literature to find the original papers reporting isolation of these compounds from their
respective plants. This was done to determine whether the chemical efforts were
stimulated by ethnomedical claims and to correlate current uses for the compounds with
such ethnomedical claims (2).”

In other words, the question was whether plant-derived modern drugs were already found in
the pharmacopeias of traditional knowledge-holders. The idea is that this is a highly non-
random association between a plant used in traditional medicine and the fact that a modern
drug exists derived from that plant or inspired by a molecule in it, likely owing to the use of
that plant by the traditional healers in the first instance. The answer was that of 122 plant-
derived pure compounds identified by Fabricant and Farnsworth used as drugs by physicians
around the world, 80% were found in plants used by traditional healers. Flowing from this, we
can deduce that if ~50% of modern drugs are from natural products or inspired by them, and
that this has remained true for decades, the vast majority of medicines were derived from plants
and other organisms used by traditional healers. The critical assumption is that the reason these
plants and other organisms were the focus of study by modern medicine was due to the
knowledge from traditional healers that was transmitted to practitioners of science in the
modern sense, and then folded into the industrialized pharmacopeia. This isn’t to say there is
necessarily a great fit between what ailments the traditional healers targeted with a particular
plant (or other organism or concoction, etc.) and the ultimate drug and target developed by the
pharmaceutical industry. Still, if we accept that ~50% of modern drugs from natural sources or
inspired by them is conservative, and that the vast majority of those drugs are likely to be found
in traditional medicines already, it is reasonable for WHO to claim that over 40% of modern
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drugs are derived from traditional medicines. Thus, the statement that “nearly 50% of all
modern drugs” having been brought to light through the wisdom of Indigenous knowledge is
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Page 31. Although the structure is satisfying to the eye, it takes precious energy. The general idea is

that constitutive (always present) and inducible (produced after attack) chemical

defenses/deterrents, toxins sensu lato are costly to plant fitness (survival odds and reproductive

output) in the absence of enemies. In the presence of enemies these chemical

defenses/deterrents enhance fitness over what it would be if the plants didn’t make them or as

much of them. The proximal cause of the enhanced fitness in the face of competition between
plant genotypes (species) for resources (see August Pyramus de Candolle’s quote “All the

plants of a given country, all those of a given place, are at war with one another.” in Chapter 3).
Those plants able to survive and reproduce better than the others in this scenario are those that
have enhanced defenses when in natural environments where attack by enemies like herbivores
and microbial pathogens is de rigueur. The experimental, mechanistic evidence for this is strong

and a few examples are given below, some of which take advantage of mutants wherein the
principal chemical defense pathways are absent, or herbivores are excluded using pesticides,
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Page 268. There is grandeur in this view of life. This is the last quote in the chapter XIV of Charle’s
Darwin’s masterpiece that usually is known by the abbreviated title On the Origin of Species. This
particular quote is from the first British edition published in 1859 and three additional words
were added to that quote such that by 1872 (the last edition) the words “by the Creator” were
inserted after “breathed into” for reasons covered by historians.
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Page 269. Most of these natural toxins. The notes that follow provide context and support for the
entire paragraph that starts with this sentence and the following one that begins: Scientists have
shown that.

In 1976 botanist Donald Levin published the first truly quantitative study on how plant
secondary chemical diversity correlates with latitude such that there are fewer made by plants
at the poles or at high elevation than in the tropics or low elevation. He first found that across
the planet’s latitudes, the percentage of plants with alkaloids increased from the poles to the
tropics (like spice use in us). The proportion of plant species from tropical countries containing
alkaloids (45%) is nearly double the proportion from temperate countries containing alkaloids
(27%). In an attempt tease apart why, Levin cleverly used the German polymath Alexander von
Humboldt’s observation that the biomes of the planet that so predictably change across latitude,
from the rainforests of the tropics to the tundra of the poles, could also be mirrored across
changes in altitude, from the base of a tall tropical mountain to its summit. Levin used an
alkaloid dataset across such an elevational gradient in the large tropical island of Papua New
Guinea, which fit the bill owing to its lush lowland rainforests and treeless alpine habitats. Sure
enough, he found that plant species bearing alkaloids were more prevalent in the three
rainforest communities, with the most (21.5%) in the lowland rain forest and the fewest in the
subalpine and alpine biomes (0%) —although my guess is that the instruments may not have
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been sensitive enough for us to really know that there aren’t any in the plants he tested in the
latter. Other notable papers buttressing this paragraph in the book are also listed below. One by
Levin and York also concludes that the toxicity of the alkaloids made by tropical plants is
higher than those made by temperate plants (and that there were no salient differences in
toxicity in herbaceous vs. wood plants in that regard). This further supports the working
hypothesis that the strength of biotic interactions is higher in the tropics than the temperate
zones. In a review, Coley and Barone in 1996 concluded that rates of herbivory are higher in the
tropics than in temperate zones. In a series of papers Janzen also proposes some specific
hypotheses as to why this is generally the case. MacArthur and Wilson propose why there may
be more species in the tropics than in the temperate zone. A general review of whether biotic
interactions were stronger in the tropics than the temperate zone was published by Schemske et
al. in 2009 and the analysis was in support of this working hypothesis.
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