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Chapter 1 - Introduction

In 1869, Thomas Henry Huxley (1825-1895) was asked to supply an introduction
for the inaugural issue of Nature.1 He chose to translate and comment upon the fragment
“Die Natur,” then attributed to Johann Wolfgang von Goethe (1749-1832) but now
understood as the work of Georg Christoph Tobler (1757-1812). Huxley stated that this
“rhapsodic” piece, which he had enjoyed since he was young, was a fitting preface for the
journal because it “aims to mirror the progress of that fashioning by Nature of a picture of
herself, in the mind of man, which we call the progress of science.” In 1932, Nature
reprinted Huxley’s translation with two short pieces, “Goethe’s Scientific Works” and
“Goethe as Biologist,” to celebrate the centenary of Goethe’s death. Commentary this
time focused on some of Huxley’s original readers’ surprise that he would wax so
poetical in his translation. For example, Charles Darwin (1809-1882) had written to the
botanist Joseph Dalton Hooker (1817-1911), “Lord, what a rhapsody that was of Goethe,
but how well translated; seemed to me, as I told Huxley, as if written by the maddest
English scholar. It is poetry, and can I say anything more severe?”2
While leading figures of Victorian biological thought were well aware of Goethe
as both a poet and naturalist, his star dimmed in the twentieth century as emphasis on
morphology gave way to the dominance of evolution and genetics in biology. This was an
ironic turn as Darwin himself described morphology as “one of the most interesting

T. H. Huxley, “Nature: Aphorisms by Goethe,” Nature 1, no. 1 (November 4, 1869): 9–
11.
2 F. J. Cole, “Goethe as Biologist,” Nature 129, no. 3255 (March 19, 1932): 423–25.
1
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departments of natural history, and may almost be said to be its very soul.”3 At the same
time, Darwin placed Goethe, alongside his grandfather Erasmus Darwin and the French
natural historian Étienne Geoffroy Saint-Hilaire, as anticipating Lamarck’s “erroneous”
theory on the origin of species. 4 This dissertation takes the nineteenth century's
familiarity with the work of Goethe and traces its impact on twentieth-century
Anglophone botany and morphology through a focused exploration of the work of a
group of twentieth-century biologists.
While historians of science have treated Goethe as a part of nineteenth-century
scientific discourse, they have spent far less effort on tracing his influences into the
twentieth century. Robert Richards is a prime example of confining Goethe’s impact to
the nineteenth-century. His The Romantic Conception of Life provides the most
comprehensive and detailed contextualization of Goethe’s scientific thought and how it
related to Kantian idealism, Naturphilosophie, and the emergence of Darwinism.5 Two
historiographical conditions potentially account for the restriction of Goethe’s impact to
the nineteenth century: the identification of morphology as a pre-twentieth century
practice and the lack of attention to organicist perspectives in biology. In the case of the
former, more often than not, morphology is a secondary interest woven into studies

Charles Darwin, On the Origin of Species by Means of Natural Selection, or the
Preservation of Favoured Races in the Struggle for Life (London: John Murray, 1859),
434.
4 Charles Darwin, On the Origin of Species by Means of Natural Selection, or the
Preservation of Favoured Races in the Struggle for Life, Fourth (London: John Murray,
1866), xiv.
5 Robert J. Richards, The Romantic Conception of Life: Science and Philosophy in the
Age of Goethe (Chicago: University of Chicago Press, 2002).
3
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focusing primarily on other methodological and theoretical positions within biology,
related in large part to the emergence of evolutionary theory and experimentation. Betty
Smocovitis’s comprehensive historiography of the Modern Synthesis suggests that
biologists themselves were responsible for this situation as they wrote their own histories
foregrounding the integration of evolutionary theory with genetics and systematics which
historians then inherited.6 Alan C. Love reinforces this point by arguing that morphology
had been underrepresented in accounts of the Modern Synthesis. 7 This is not to say that
the Modern Synthesis is not central to twentieth-century biology, but to call attention to
how this history can affect the perceptions and interests of historians. A late twentiethcentury debate among historians of biology helps to further illustrate this.
Garland Allen, Jane Maienschein, and others posited that morphology declined in
the twentieth century in favor of experimental methods as part of a larger movement from
a “naturalist” to an “experimentalist” framework. Allen began the debate by claiming that
at the start of the century there was a sudden revolt against morphology for two reasons.8
One was the overwhelming concern of morphology with evolutionary questions to the
neglect of other areas like heredity, embryology, and questions of function. The other
reason was the speculative nature of morphology and its lack of rigor. Allen backed away
from this position after criticism from Maienschein and others argued that “experimental

Vassiliki Betty Smocovitis, Unifying Biology: The Evolutionary Synthesis and
Evolutionary Biology (Princeton, N.J.: Princeton University Press, 1996).
7 Alan C. Love, “Morphological and Paleontological Perspectives for a History of EvoDevo,” in From Embryology to Evo-Devo: A History of Developmental Evolution, ed.
Manfred D. Laubichler and Jane Maienschein (Cambridge: MIT Press, 2007), 267–307.
8 Garland E. Allen, Life Science in the Twentieth Century (New York: Wiley, 1975).
6
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morphology” carried on morphological traditions by transforming them. 9 The core of the
debate, however, was not whether morphology persisted into the twentieth century, but
whether it was overcome by a sudden “revolt” or was taken up by other aspects of
biology through a gradual “transformation.” In either case, descriptive morphology was
no longer as central to biology as it was in the nineteenth century.
Further work by Maienschein and other historians has reinforced this perception.
Maienschein’s study of American morphology at the turn of the century found
experimental morphology ascendant. 10 Lynn K. Nyhart set her study of German
morphology firmly in the nineteenth century and posited a similar shift towards
experimental morphology around the turn of the century.11 Peter Bowler also saw a
transformation, if not a revolution, in morphology between the nineteenth and twentieth
centuries. Unlike the situation described by Nyhart in Germany and Maienschein in
America, Bowler found the Darwinian perspective becoming more prominent among
British biologists, pushing morphologists towards evolutionary interpretations of form.12
Bowler continued to point to a revolt in order to explain the eventual “eclipse” of
evolutionary morphology once it had proved useless in reconstructing phylogenies as the

Jane Maienschein, Ronald Rainger, and Keith R. Benson, “Introduction: Were American
Morphologists in Revolt?,” Journal of the History of Biology 14, no. 1 (March 1981): 83–
87,
10 Jane Maienschein, Transforming Traditions in American Biology, 1880-1915
(Baltimore: Johns Hopkins University Press, 1991).
11 Lynn K Nyhart, Biology Takes Form: Animal Morphology and the German
Universities, 1800-1900 (Chicago: University of Chicago Press, 1995).
12 Peter J. Bowler, Life’s Splendid Drama (Chicago: University of Chicago Press, 1996),
13, 18-25.
9
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more experimental approach came into favor.13 While these positions make strong cases,
their common conclusion on the fate of morphology merits closer examination. As a step
in this direction, this dissertation argues that descriptive morphology, along with some
Goethean influences, inspired certain biological investigators well into the twentieth
century.
A common thread linking the above arguments that the biological enterprise
turned away from morphology is that morphology is often defined by its subject matter
rather than by its methods. Allen had defined morphology as a “study of form,” noting
that biologists themselves took little interest in providing such a definition. When this is
the case, it is easy both to overlook and over-identify practices as morphology. Chapter 3
takes up this thread. There, I argue that a more precise definition of morphology would be
the “interpretation of form” as all varieties of morphology—descriptive, idealistic,
experimental, evolutionary, and others—have had their own interpretive frameworks and
thus obscured the status and sometimes robust nature of morphology. The histories of
twentieth-century botany authored by Smocovitis and Rachel Volberg fall within the
historiographical framework that lessens the significance of morphology. Both focus
primarily on the role of evolution and professional organization and describe the first half

Peter J. Bowler, Evolution: The History of an Idea, Third (Berkeley: University of
California Press, 2009).
13
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of the twentieth century as period of “divisiveness” and “segmentation” within botany, a
situation to which the Modern Synthesis brought some order.14
Focus on an evolutionary perspective and laboratory methods has led historians to
overlook organismic perspectives.15 Maurizo Esposito argues how linking German
Romanticism to international organicist movements can add nuance and provide
alternatives to materialist and vitalist perspectives. Additionally, Erik Peterson highlights
movements specific to Britain that developed an organicist perspective. Although I do not
emphasize organicist perspectives, this dissertation complements the efforts of Esposito
and Peterson. In particular, it brings Esposito’s rather expansive argument into focus by
investigating the practices and ideas of botany and morphology, the latter being a central
way for Goethe and those finding inspiration in his work to interpret the forms of
organisms without losing sight of the whole organism. The separation of morphology
from its organicist roots, which were present in Goethe, has led to an incomplete
distillation of morphology by historians. This is so because historians have largely
assumed the theoretical shadings morphology acquired during the course of biology’s
development since Goethe's time and the polemical attitude of scientists against
Romanticism, of which Goethe was a central figure. Chapter 2 will discuss some of these
polemics as part of the larger reception of Goethe’s science in the twentieth century.
Vassiliki Betty Smocovitis, “Botany and the Evolutionary Synthesis: The Life and
Work of G. Ledyard Stebbins Jr.” (Cornell University, 1988); Rachel Ann Volberg,
“Constraints and Commitments in the Development of American Botany,
1880-1920” (University of California, 1983).
15 Maurizio Esposito, Romantic Biology, 1890-1945 (London: Pickering and Chatto,
2013); Erik L. Peterson, The Life Organic: The Theoretical Biology Club and the Roots of
Epigenetics (Pittsburgh: University of Pittsburgh Press, 2017).
14
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Also of significance for this dissertation is the work of literary historians who
have located Romantic-era sciences within a context that also included movements in
literature and aesthetics. This work demonstrates that while Goethe was a significant
figure of the era, his pursuits in literature, aesthetics, and science were not an anomaly.
These scholars have emphasized concerns over the relationship between nature and the
self as the driving force of these movements, with perception and sensation tending to
take on particular significance as regards to science, and emotion and imagination to
poetry. However, these boundaries were not absolute as scientists also considered
emotion and imagination, and poets contemplated perception and sensation. While many
scholars have focused on English Romanticism, the themes of sensation and imagination
they point to have been important in my own reading of Goethe's scientific work and its
relation to his oeuvre. 16 Some literary scholars address Goethe directly and describe his
methods of investigating nature as uniting science, poetry, and autobiography at a
fundamental level.17 The multimodal approach of Goethe to understanding nature and his
efforts investigating the processes of knowledge acquisition identified here is important

Denise Gigante, Life: Organic Form and Romanticism (New Haven: Yale University
Press, 2009); Noah Heringman, Romantic Rocks, Aesthetic Geology (Ithaca, New York:
Cornell University Press, 2004); Eric G. Wilson, The Spiritual History of Ice:
Romanticism, Science, and the Imagination (New York: Palgrave Macmillan, 2003);
Richard T. Gray et al., eds., Inventions of the Imagination: Romanticism and Beyond
(Seattle: University of Washington Press, 2011).
17 Amanda Jo Goldstein, Sweet Science: Romantic Materialism and the New Logics of
Life (Chicago: University Of Chicago Press, 2017); Thomas Pfau, “‘All Is Leaf:’
Difference, Metamorphosis, and Phenomenology,” Studies in Romanticism 49 (Spring
2010): 3–41; Bernhard Kuhn, Autobiography and Natural Science in the Age of
Romanticism: Rousseau, Goethe, Thoreau (Farnham, England: Ashgate Publishing,
2009).
16
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when considering Goethe’s impact on the twentieth-century Anglophone scientists
discussed in this dissertation. Within this framework of nature and the self, I argue that
Goethe and some of those following in his steps sought an alternative to materialist and
mechanistic interpretations of nature that had engendered experiences of alienation by
leaving nature disenchanted and something less than whole.
Scholars of Goethe have studied alienation, but none have connected it to his
scientific work. 18 I will argue, however, that Goethe’s science and his literary accounts of
alienation are entangled and even closely bound together. Moreover, Goethe’s
morphology embodied his attempt to overcome the alienation he experienced in his
encounters with Newtonian and Linnaean science.19 Indeed, recent applications of
Goethe’s morphology highlight these antidotal powers as a way to balance the detached
methods of modern science with subjectively immersive experiences of the natural
world.20

Edward Batley, “Werther’s Final Act of Alienation: Goethe, Lessing, and Jerusalem on
the Poetry and the Truth of Suicide,” The Modern Language Review 87, no. 4 (October
1992): 868–78; Harold Bloom and Blake Hobby, eds., Alienation, Bloom’s Literary
Themes (New York: Infobase, 2009); Irene Cannon-Geary, “From Goethe to
Plenzdorf: Overcoming Student Alienation by Teaching about It,” Die Unterrichtspraxis/
Teaching German 15, no. 1 (Spring 1982): 95–103; T. K. Seung, Goethe, Nietzsche, and
Wagner: Their Spinozan Epics of Love and Power (Oxford: Lexington Books, 2006).
19 Dennis L. Sepper, Goethe Contra Newton: Polemics and the Project for a New Science
of Color (Cambridge: Cambridge University Press, 1988); Chad Wellmon, “Goethe’s
Morphology of Knowledge, or the Overgrowth of Nomenclature,” Goethe Yearbook 17
(2010): 153–77.
20 Isis Brook, “Goethean Science as a Way to Read Landscape,” Landscape Research 23,
no. 1 (1998): 51–69; Craig Holdrege, “Doing Goethean Science,” Janus Head 8, no. 1
(Summer 2005): 27–52; Arthur G. Zajonc, “Facts as Theory: Aspects of Goethe’s
Philosophy of Science,” Teachers College Record 85, no. 2 (December 1983): 251–74.
18
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Chapter 2 describes and follows the contours of the ideas of alienation and
disenchantment in Goethe’s scientific work, ideas important for the morphologists
covered in the remainder of this dissertation. Goethe’s scientific writings occupied only
one aspect of his textual output, yet his views on nature are dispersed and woven into his
verse, drama, histories, and autobiographical writings. Goethe’s poems provide concise
statements on the organic unity of biological entities and a larger unity that included all of
nature and the observer. Faust (1808, 1832), Goethe’s drama of the search for knowledge,
highlights experiences of alienation and disenchantment by presenting the opposite case
of an individual cut off from any meaningful connection to the natural world. These same
themes appear in Goethe’s rendering of the political and religious circumstances that led
the Royal Society of London to neglect Baconian empirical ideals and promote
mathematical idealism and experimentalism. Goethe’s own experiences conveyed
through his autobiographical writings show his struggles with alienation and
disenchantment as his reading of contemporary scientific thought conflicted with his
desires to understand the natural world. This conflict led to publication of his
Metamorphosis of Plants (1790), a presentation of the life-cycle of a typical flowering
plant as a process of metamorphosis. Chapter 2 concludes with the broader reception of
Goethe’s thought among twentieth-century Anglophone scientists and historians. One
relevant finding is that integrated assessments of Goethe’s thought are both fairly recent
and rare; that is, he has not often been assessed as a whole person. There has also been
considerable confusion over Goethe's attitude towards mathematics and its application to
the study of nature, with only recent scholars finding him open and congenial to it.
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Goethe’s ideas reveal themes of alienation and disenchantment in the face of
modern scientific theories and practices. Those themes continue among other individuals
covered in this dissertation who extended Goethe’s ideas in novel directions by
championing holistic perspectives that moved biology to reconsider the status of forms,
incorporated the role of the researcher in creating knowledge, and emphasized the
relation of that knowledge to other areas of culture and society. This history, admittedly
an alternative one in the history of biology and at odds with the interpretations of Allen,
Maienschein, and others, reveals that at least some biologists still saw morphology as
central to their discipline. This perspective often tied into interests in understanding the
philosophical grounding of scientific practices and how science related to other areas of
culture and society.
Chapter 3 examines the presence of Goethe's ideas within the Anglophone
botanical community in the early- to mid-twentieth century. At issue are debates over
“Classical” and “New” morphologies. The historiographical background of twentiethcentury morphology is directly relevant here, and so Chapter 3 utilizes both digital
databases and botany textbooks to establish a baseline for morphology’s presence within
botanical discourse. After earlier suggestions of a “New Morphology” centered on
experimental methods and paleobotanical evidence emerged and faded, in the 1930s
Hugh Hamshaw Thomas promoted an alternative morphological vision that combined
evolutionary theory and evidence from non-angiosperm plants. Goethe, as representative
of the idealistic “Old” or “Classical” morphology, was common in the rhetoric of all
formulations of this new morphology. Analysis of this debate enables readers to parse out
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the many kinds of morphology in play—evolutionary, experimental, idealistic, old, and
new—and give a more precise definition. The chapter concludes by assessing the effects
of the new morphology on pedagogy and finds that while new morphology made an
impact, classical morphology did not completely disappear.
Preceding Thomas’s new morphology was “applied morphology” as
conceptualized by the botanist and historian Agnes Arber, the subject of Chapter 4. Like
Thomas, she distinguished between evolutionary morphology—to borrow Bowler’s term
—and classical morphologies like Goethe’s, but she did not discard the latter in favor of
the former. In part due to her correspondence with the natural historian and classicist
D’Arcy Wentworth Thompson, Arber wanted the methods of morphology to be kept
separate from evolutionary theory. These intellectual tendencies led Arber to promote and
develop the partial-shoot theory of the leaf, an interpretation she found in Goethe’s
metamorphosis theory. Arber’s career in plant morphology and interest in the history of
her discipline drew her to undertake translating and commenting upon Goethe’s
Metamorphosis of Plants (1946). Like Goethe, Arber made connections between
morphology and other disciplines in ways that addressed organismal unity and the more
inclusive unity of the world. In regard to the themes of alienation and disenchantment,
Arber made strong arguments emphasizing the role of subjectivity in morphology and
science more generally by highlighting the use of analogies. These connections became
even more evident in later reflections on the philosophical aspects of morphology, which
she tied to art and mysticism.
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Chapter 5 explores the development of one strain of mathematical morphology. It
connects with the previous chapter through the correspondence of Arber and Thompson.
Unlike Arber, Thompson, who initiated mathematical morphology with On Growth and
Form (1917), merely made passing reference to Goethe as the founder of morphology out
of which he was developing his own contributions. Yet even this connection is important
as it demonstrates a case where Goethe and mathematics could exist side-by-side.
Thompson’s training and early career, which included natural philosophy and was
grounded in physics and paleobotanical studies, help to explain how and, in some ways,
why he developed a mathematical form of morphology and regarded biological forms as
expressions of a balance of forces. Thompson’s morphology also provided an alternative
way to interpret organic forms that did not rely on Darwinism or mutation theory, a view,
sans mathematics, he passed on to Arber. The chapter concludes by tracing Thompson’s
influence on the 1950s collaboration between the mathematician Alan Turing and the
botanist C. W. Wardlaw. Goethe re-enters the picture through the interests of the latter.
Scientists reinterpreted Goethe's legacy and influence in light of this seldom-told
affiliation. By the end of the twentieth century, Goethe’s name appeared alongside those
of Thompson, Turing, and Arber as central contributors to mathematical morphology.
The self-styled Goethean science of George Adams and Olive Whicher, the
subject of Chapter 6, offers a point of comparison for both Arber and Thompson’s
morphologies. Like Thompson, they deeply integrated mathematical thought in their
morphology. And like Arber, they had a deep interest in mystical thought, particularly the
Swiss esoteric philosopher Rudolf Steiner who provided a cosmological Christian
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framework that placed Goethe’s morphological thinking at the vanguard of the evolution
of consciousness. The course of Adams’s life put him into contact with different efforts at
social reform and ideas on the relationship of mathematics to science inclusive of those of
the philosopher Bertrand Russell. After a brief vacillation between Russellian and
Steinerian paths, Adams followed the more comprehensive visions of Steiner while
continuing to seek answers to the questions he had formulated with the help of Russell.
One result of this was Adams’s collaboration with Whicher on integrating non-Euclidean
geometries with Goethe’s morphology. This integration was part of their working out the
details of Steiner’s cosmology and, as a result, created an interpretative framework that
incorporated geometrical, botanical, and mystical ideas. Adams and Whicher’s work
influenced, in turn, other Goethean scientists, like Lawrence Edwards, whose work on
botany and projective geometry incorporated computer technologies as well.
With this overview in hand, let us now turn to Chapter 2. This chapter investigates
Goethe and biological holism, his perspective on the methods of the Royal Society of
London, and his ideas of alienation and subjectivity as seen in his scientific and literary
works inclusive on his poetry and his most famous work, the play Faust.
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Chapter 2 - Goethe’s Metamorphosis of Science

In the opening of Faust, Goethe gave special voice to the poet regarding the
creation of knowledge.1 The poet not only understands and gives expression to the inner
life, but also has a particular ability to make sense of and give meaning to nature. Without
recourse to the poetic sensibility, nature is left chaotic and threatening, distant and
meaningless. It is the poet who can bring nature within the reach of humans without
sacrificing lived experience so that, rather than being deadened or overwhelming, nature
becomes relatable.2 Goethe no doubt had himself in mind when describing this power of
poets and in the first section of this chapter, his poems on botanical and zoological
metamorphosis are practical examples of making sense of nature’s mystifying phenomena
in a conceptually organic, holistic way that includes the individual’s subjective act of
perception. While the poetic sensibility held a special place regarding nature, Goethe
applied his literary, historical, autobiographical, and artistic talents to justify its place in
his scientific studies as well. The twentieth-century Anglophone scientists covered in
Chapters 4, 5, and 6 who took up Goethe’s project in earnest—Agnes Arber, D’Arcy

Johann Wolfgang Goethe, “Faust I,” in Weimarer Klassik 1798-1806, ed. Victor Lange,
GSW vol. 6.1, 538–539.
2 Amanda Jo Goldstein, “Obsolescent Life: Goethe’s Journals on Morphology,” European
Romantic Review 22, no. 3 (2011): 405–14; Goldstein argues that Goethe’s
morphological work, particularly in his journal On Morphology, “declines to define itself
absolutely against mere matter, decay, vulnerability, or death.” While Goethe did not rule
out phenomenal decay, his aims of maintaining engagement with the whole of such
phenomena encouraged an active engagement that could be characterized as a more
living relationship than one focused on abstracted minor details.
1
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Thompson, George Adams, and Olive Whicher—shared with Goethe the utilization of
various talents to promote biological holism.
Taking the many facets of Goethe’s writerly productions together reveals that
Goethe addressed a basic question of how one relates to and understands the world. He
often answered this question with the concept of streben, or striving. Striving, through the
voice of the Lord, signified the incorruptible essence of Faust’s humanity inaccessible to
Mephistopheles’s devilish trickery. 3 Striving, as a constituent of life, appeared within the
organic realm as an intermediary between form and matter.4 Striving, in Goethe’s own
life, described his struggle to formulate a morphological approach to botany out of his
wrestlings with Linnaean taxonomy. 5 Striving , for Goethe, was a driving force within all
living things, including humans.
The concept of striving points to Goethe’s larger project to bridge Kant’s
phenomenal and noumenal experiences in order to overcome the disenchantment and

Goethe, “Faust I,” 543.
Johann Wolfgang Goethe, “Bildungstrieb,” in Zur Naturwissenschaft Überhaupt,
Besonders Zur Morphologie Erfahrung, Betrachtung, Folgerung, Durch
Lebensereignisse Verbunden, ed. Hans J. Becker et al., GSW vol. 12, 102. The spectrum
of life Goethe constructed between Material [Stoff] and Form [Form] ran: capability
[Vermögen], force [Kraft], power [Gewalt], striving [Streben], and instinct [Trieb].
5 Johann Wolfgang Goethe, “Geschichte Meines Botanischen Studiums,” in Zur
Naturwissenschaft Überhaupt, Besonders Zur Morphologie Erfahrung, Betrachtung,
Folgerung, Durch Lebensereignisse Verbunden, ed. Hans J. Becker et al., GSW vol. 12,
22.
3
4
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alienation produced by overly theorized scientific worldviews.6 Here, disenchantment
signifies a lack of phenomenal liveliness and alienation signifies an inwardly felt
isolation from the world.7 An important tool Goethe used in constructing this bridge was
that of analogies as he likened the incorruptible aspect of Faust’s soul to the latent power
of an organism to bring about its own form. Goethe’s analogies went beyond George
Lakoff and Mark Johnson’s identification of metaphors as conceptual networks to include
both concepts and sensations.8 This comes out most clearly in his poetry covered in the
first section and his botanical morphology in the fifth section.
The second two sections of this chapter explore Goethe’s critical descriptions and
contextualizations of disenchantment and alienation. In the second section, the drama of
Faust presents Goethe’s vision of scientific alienation within the context of an enchanted
Elizabeth Millán, “The Quest for the Seeds of Eternal Growth: Goethe and Humboldt’s
Presentation of Nature,” Goethe Yearbook 18 (2011): 97–114. Millán describes Goethe’s
scientific efforts as a “romantic quest” to “see” the “inner unity of nature” through
methods including and going beyond those of the sciences; Dalia Nassar, “‘Idealism Is
Nothing but Genuine Empiricism’: Novalis, Goethe, and the Ideal of Romantic Science,”
Goethe Yearbook 18 (2011): 67–95. Nassar describes Goethe’s method as “empirical
idealism”; For Goethe’s response to Kant’s project, see Robert J. Richards, The Romantic
Conception of Life: Science and Philosophy in the Age of Goethe (Chicago: University of
Chicago Press, 2002).
7 Christopher Partridge, “Alternative Spiritualities, New Religions, and the
Reenchantment of the West,” in The Oxford Handbook of New Religious Movements, ed.
James R. Lewis (Oxford: Oxford University Press, 2004), 39–67. Partridge builds on
Max Weber’s identification of disenchantment as the secularizing social forces coincident
with Protestantism where the “spiritual loses social significance.” At the same time, he
proposes a more complex process of simultaneous secularization and sacralization; Sean
Sayers, Marx and Alienation: Essays on Hegelian Themes (London: Palgrave Macmillan
Limited, 2011). My use of alienation expands the Marxist term found in Sayers where
workers become, in a sense, ruled by the objects they produce by including intellectual
products, like a worldviews.
8 George Lakoff and Mark Johnson, Metaphors We Live By (Chicago: University of
Chicago Press, 1980).
6
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world while presenting various attempts to overcome that alienation. 9 The third section
follows Goethe as he traces the root of science’s role in disenchantment and alienation to
the Royal Society of London’s idealized mathematical-mechanical theorization of
empirical investigations. Chapters 4, on Arber, and 6, on Adams and Whicher, will take
up a similar theme of balancing mechanistic interpretations.
The next sections present how Goethe’s science sought to bridge the gulf
produced by the Royal Society. Goethe’s autobiographical writings are critical for the
fourth section, as they present the struggles between his desire for knowledge of nature
and his distaste for prevailing mechanistic interpretations and Linnaean taxonomy. In the
fifth section, I take Goethe’s botanical writings as direct efforts in overcoming
disenchantment and alienation by constructing a more living, phenomenon-centered
methodology midway between empiricism and mathematical theorization. Just as
Aristotelean living beings were synthesis of form and material, the livingness Goethe
sought was a synthesis of concepts and perceptions. In 1822 Goethe found this synthesis
in August Franz Shelver’s Lebens- und Formgeschichte der Pflanzenwelt, describing how
Shelver maintained a “living relatedness” in his development of an idealistic botany
grounded in a sensual experiences.10 Goethe’s attempt to save the appearances continued,

Frederick Amrine, “The Unconscious of Nature: Analyzing Disenchantment in Faust I,”
Goethe Yearbook 17, no. 1 (2010): 117–32. Amrine argues the enchanted setting of Faust
signal Goethe’s debt to the Hermetic tradition and his advocacy for an unconsciousness in
nature.
10 Johann Wolfgang Goethe, “Lebens- Und Formgeschichte Der Pflanzenwelt von
Schelver,” in Zur Naturwissenschaft Überhaupt, Besonders Zur Morphologie Erfahrung,
Betrachtung, Folgerung, Durch Lebensereignisse Verbunden, ed. Hans J. Becker et al.,
GSW vol. 12, 261. Translation of “lebendigem Bezug.”
9
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even among those using mathematical methods, covered in the later chapters of this
dissertation.
As the above themes not only appear in Goethe’s thought, but in the work of
twentieth-century Anglophone scientists treated in this dissertation who drew upon and
extend his work in botany and biology, it is important to establish how twentieth-century
Anglophone scholars received Goethe’s scientific work more generally. This is the
purpose of the final section. Chapter 3 looks more specifically at twentieth-century
Anglophone botany. Both cases reveal how, unlike many of those covered later in this
dissertation, few fully appreciated Goethe’s polymathic approach to understanding nature
when considering his science and tended to treat each of his interests in isolation.11
Goethe’s poetry, which I now turn to, suggests this should not be the case.

The Poetry of Metamorphosis
In his poems on animal and plant metamorphosis, Goethe distilled his ideas into
brief and impactful statements that summarized the content of his ideas while positioning
them within his broader philosophical project against disenchantment of and alienation

Peter Salm, The Poem as Plant: A Biological View of Goethe’s Faust (Cleveland: The
Press of Case Western Reserve University, 1971). Salm had made a similar assessment in
the midst of the twentieth-century. Work following Salms continued to look to Goethe’s
scientific thought to understand his literary works. See A. G. Steer Jr., Goethe’s Science
in the Structure of the Wanderjahre (Athens: The University of Georgia Press, 1979);
Ronald D. Gray, Goethe the Alchemist: A Study of Alchemical Symbolism in Goethe’s
Literary and Scientific Works (Cambridge: Cambridge University Press, 1952); J. P. S.
Uberoi, The Other Mind of Europe: Goethe as a Scientist (Delhi: Oxford University
Press, 1984). Gray had integrated Goethe’s science and literary works before Salm’s
observation and Uberoi did so afterwards.
11
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from nature. In the “The Metamorphosis of Animals” (1798), form, function, and the
environment go hand in hand. 12 Taken in isolation, each aspect does not make sense,
rather, the significance and meaning of each emerges only through their relationship,
suggesting the phenomena are not merely mechanically coordinated, but intimately
linked.
Thus is every mouth skilled, to grasp the food,
Which is proper for the body…
Also every foot moves, the long, the short,
Completely harmonious with the animal’s sensations and needs…
Thus the animal’s way of life determines the form,
And the way, of life, it acts back greatly
On all forms…13
With form and function in harmony with the senses and desires of the animal, any
significant change in one would affect the others while bringing about an overall shift in
balance. Thus, if a difference in form proved advantageous in one way for an animal in
relation to its surroundings and needs, it would prove disadvantageous in another way.
This was due to the boundedness of animal forms which was kept in balance and flux by
Johann Wolfgang Goethe, “Metamorphose Der Tiere,” in Weimarer Klassik 1798-1806,
ed. Victor Lange, GSW vol. 6.1, 17–19.
13 Translation of:
So ist jeglicher Mund geschickt, die Speise zu fassen,
Welche dem Körper gebührt…
Auch bewegt sich jeglicher Fuß, der lange, der kurze,
Ganz harmonisch zum Sinne des Tiers und seinem Bedürfnis…
Also bestimmt die Gestalt die Lebensweise des Tieres,
Und die Weise, zu leben, sie wirkt auf alle Gestalten
Mächtig zurück…
Translations are my own. Goethe’s scientific writings were translated with reference to
Johann Wolfgang von Goethe, Goethe’s Botanical Writings, trans. Bertha Mueller
(Honolulu: University of Hawaii Press, 1952) and Johann Wolfgang von Goethe,
Scientific Studies, trans. Douglas Miller, vol. 12, 12 vols., Goethe’s Collected Works
(Princeton: Princeton University Press, 1995).
12
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the interaction of external forces, which Goethe termed the “Eternal Mother,” and the
animal’s internal spirit of instinct and desire.14 Goethe’s analogy between natural forces
and a mother directly drew on an organic metaphor, directly countering the mechanistic
interpretation of nature. Furthermore, Goethe addressed the alienation of the individual
by describing his conceptualization of the polarized interaction of external and internal
forces as a rethinking of the “supreme thought” of nature. 15 Goethe understood himself as
not creating new concepts, but discovering and gaining access to the actual processes of
the world through his thinking.
Recreating nature’s thoughts was also a theme of Goethe’s poem“The
Metamorphosis of Plants” (1798).16 There Goethe took on the conceit of instructing a
confused and bewildered woman in how she can best understand the garden in which she
stands. The experience of confusion and bewilderment had been Goethe’s own first
response as he oversaw the creation of a botanical garden for Duke Carl August in
Weimar.17 In both the poem and in Goethe’s autobiographical sketch, in which he related
his experiences, the sheer number of names given to plants overshadowed their formal
similarities. Goethe’s subsequent study of plants, which he relayed in the poem, revealed
to him that the overwhelming scientific nomenclature led the observer to miss the
supreme thought revealed by plants.

Translation of: “ewigen Mutter.”
Translation of: “höchsten Gedanken.”
16 Johann Wolfgang Goethe, “Die Metamorphose Der Pflanzen,” in Weimarer Klassik
1798-1806, ed. Victor Lange, GSW vol. 6.1, 14–17.
17 Johann Wolfgang Goethe, “Der Verfasser Teilt Die Geschichte Seiner Botanischen
Studien Mit,” in Letzte Jahre: 1827-1832, ed. Johannes John et al., GSW vol. 18.2, 438–
57
14
15

"21
You listen to many names, and one is always displacing,
With barbarous tone, the others in your ear.
All forms are similar, and none resembles the other;
And thus the choir points to a secret law,
to a holy riddle…18
This law, this riddle, was Goethe’s own account of the development and growth of a plant
as revealed and spoken to him by the plants themselves. By listening to the plants, one
became less confused in a garden than if one were to merely see plants as particular
specimens to identify. Throughout the poem Goethe used analogies to describe unity
within and across plant bodies. Additional analogies connected plant development with
human interactions. Beyond establishing these external connections, the metamorphosis
of plants, like the metamorphosis of animals, granted one’s thoughts access to natural
processes, overcoming the separation between humans and the world.

The Alienation of Faust
Goethe’s metamorphosis poems describe the organic strivings for balance and
development as natural processes accessible to thought, thus synthesizing the poet’s
capacities to account for both nature and the inner life. His drama Faust outlined these
capacities, but took a different approach. One of the most striking features of Faust is the
alienation of the title character within the enchanted setting of a story filled with gods,

18

Translation of:
Viele Namen hörest du an, und immer verdränget
Mit barbarischem Klang einer den andern im Ohr.
Alle Gestalten sind ähnlich, und keine gleichet der andern;
Und so deutet das Chor auf ein geheimes Gesetz,
Auf ein heiliges Rätsel…
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devils, spirits, witches, and astrologers. 19 Written over the last forty-five years of his life,
Faust (part I, 1808; part II, 1832) reflects the broader conditions Goethe saw surrounding
the pursuit of knowledge about the world, themes less prominent in, but still relevant to,
his scientific writings.20
Goethe’s Faust starts when the title character reaches a point late in his academic
career where he has become discouraged regarding the potential he once found in it, to
the point of suicide. His original desire to get at “what at heart holds together the world”
remained, but the academic path he had been on—through philosophy, law, medicine, and
theology—had only left him alienated as he discovered more barriers between himself
and the world.21 From one angle, Faust had been a dedicated humanist up to this point.
Yet despite having more knowledge than other learned individuals of his time, this style
of learning left him wanting. Faust felt he had exhausted this route and required more
direct, less bookish, experiences of the world. It is here that Mephistopheles enters with a
deal to educate Faust through the extremes of human emotion and circumstance.
Mephistopheles will do this as a service to Faust as long as Faust lives and, after he dies,
John A. McCarthy, Remapping Reality: Chaos and Creativity in Science and Literature
(Amsterdam: Editions Rodopi, 2006), 33 and 171. My position is in contrast to
McCarthy’s characterization of Faust, as "the embodiment of the creative thinker” and
someone “fully in tune with the deep structures of the eternally evolving universe.” While
this interpretation has its justification in some of the pronouncements of Faust and other
characters, it ignores Faust’s striving through desire, fulfillment, disillusionment, and
disappointment. The consequences for these negative effects of creative acts challenges
the modern pursuit of truth through the sciences and humanities that McCarthy hopes to
reinforce.
20 Goethe, “Faust I”; Johann Wolfgang Goethe, “Faust: Der Tragödie Zweiter Teil,” in
Letzte Jahre: 1827-1832, ed. Gisela Henckmann and Dorthea Hölscher-Lohmeyer, GSW
vol. 18.1, 103–352.
21 Goethe, “Faust I,” 545. Translation of: “was die Welt im Innersten zusammenhält.”
19

"23
Faust will return the favor. Ready for a change, Faust agrees, unaware of a more
fundamental motivation that joins his humanist and worldly pursuits. Earlier, in the
drama’s “Prelude in Heaven,” the existence of Faust’s deeper drive assured the Lord that
Mephistopheles would not be able to lead Faust astray. In agreeing to Mephistopheles’s
bet, the Lord responded:
So long as he lives on the Earth,
So long he is not forbidden to you.
The human errs, so long as he strives.22
From the Lord’s perspective, Mephistopheles merely becomes Faust’s new way of
enacting this striving.
Prior to his encounter with Mephistopheles, Faust’s striving led him to seek out
new sources of knowledge that promised a deeper experience of the world. Though he
had been educated to dismiss it, one such possibility was using the magical power of
words to draw directly upon the inner force holding the world together. Faust’s openness
to magic not only left him vulnerable to the influence of Mephistopheles, but exposed to
an enchanted world in which he was never fully comfortable. For instance, after
conjuring the spirit of earth, Faust quickly lost the bravery he had built up for the
encounter. However, as the spirit spoke to Faust he realized he shared a kinship with it
that made it less threatening. The encounter, nevertheless, was not enough to quell Faust’s
sense of alienation, as he shortly thereafter attempted suicide. But the choirs and bells of

22

Ibid., 543. Translation of:
Solang er auf der Erde lebt,
Solange sei dirs nicht verboten.
Es irrt der Mensch, solang er strebt.

"24
Easter morning intervened, bringing Faust back to the innocence of his childhood and
giving him a renewed sense of self. This moment too was fleeting, leaving the door open
for the devil.
Mephistopheles made Faust’s alienation his first target, helping Faust adjust to an
earthly life by acquiring more confidence and worrying less. Disguised as Faust,
Mephistopheles revealed to a student that such a carefree approach to life went hand-inhand with abandoning methodical searches for knowledge. After a long instruction on
what disciplines the student ought to pursue, Mephistopheles dropped his lecture on the
failings of science, philosophy, metaphysics, and medicine to give advice that was more
to the point.
Vainly, that you wander all around scientifically,
Everyone learns only what he can learn;
But he who seizes the moment,
That is the right man.23
This “right man” was what Mephistopheles had in mind for Faust who had for too long
looked for a reasonable way to proceed in acquiring knowledge, destroying his own
passion for life along the way.
The quickest route Mephistopheles knew of for reawakening Faust’s passion for
life, and more immediately for women, was with a witch’s special concoction. When
Faust encounters the witch, the tension between his alienation and his resistance to life in

23

Goethe, “Faust I,” 589. Translation of:
Vergebens, daß Ihr ringsum wissenschaftlich schweift,
Ein jeder lernt nur, was er lernen kann;
Doch der den Augenblick ergreift,
Das ist der rechte Mann.
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an enchanted world clearly came to the fore. Previously Faust had accepted the
appearance of the earth spirit in his study and the devil’s deal to improve his life, but the
witch’s magic was beyond belief for him. Faust again relinquished his skepticism, as the
witch was the only source for the concoction. It did not take long for it to work as Faust
fell for the first women he saw, Margarete. After the two fell deeper in love with each
other, Faust abandoned his previous aims of uniting with nature in exchange for the
satisfaction of the tumultuous back-and-forth between his desires and their fulfillment.
With his alienation seemingly dissipating, Faust ignored Mephistopheles’s warning not to
further indulge his passions too fully.
Throughout the remainder of the drama, Faust’s strengthened desires became the
new source of his striving, leading to the tragic death of his love Margarete and his
creation of wealth for the Emperor by means of mining. But without Margarete, Faust
again felt the pangs of alienation. Those would be resolved once again as Faust’s fealty to
the Emperor led him back to his old interest in connecting with the forces of nature. To
do so Faust would need to encounter the Mothers, a trio of deities in the empty depths of
nothingness and an image recalling the eternal mother of “Metamorphosis of Animals.”
Mephistopheles counseled Faust against this. Ignoring the devil’s advice once again,
Faust sensed in the Mothers the ultimate cure to his alienation and responded, “In your
Nothingness I hope to find the All.”24 Mephistopheles relinquished and prepared Faust
for what he would encounter:

Goethe, “Faust: Der Tragödie Zweiter Teil,” 156. Translation of: “in deinem Nichts
hoff ich das All zu finden”
24
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A blazing tripod makes known to you at last,
You are in the deepest, the single most deepest ground.
By its light you will see the Mothers:
The one sits, another stands and goes,
However it comes. Formation. Transformation.
The eternal senses in eternal conversation,
Floating around the appearances of every creature.
They do not see you, because they see schema only.
There take heart, because the danger is great.25
The danger did not deter Faust. In fact, his journey beyond the Nothingness of the
Mothers brought Faust to an experience of All as he set eyes on Helen of Troy.
Have I still eyes? Are the depths of sensation showing
The outpouring of beauty's most abundant source?
My horrifying path brings a most blessed gain,
How the world was void to me, undeveloped!
What is it now since my priesthood?
Foremost desirable, grounded, durable.26
Faust’s vision of Helen reconnected him with his vision of Margarete, realizing that these
two moments were instances in his life where he overcame the Kantian distinction

Ibid., 157-158. Translation of:
Ein glühnder Dreifuß tut dir endlich kund,
Du seist im tiefsten, allertiefsten Grund.
Bei seinem Schein wirst du die Mütter sehn:
Die einen sitzen, andre stehn und gehn,
Wie’s eben kommt. Gestaltung, Umgestaltung
Des ewigen Sinnes ewige Unterhaltung,
Umschwebt von Bildern aller Kreatur.
Sie sehn dich nicht, denn Schemen sehn sie nur.
Da faß ein Herz, denn die Gefahr ist groß,
26 Ibid., 165-166. Translation of:
Hab ich Augen? Zeigt sich tief im Sinn
Der Schönheit Quelle reichlichstens ergossen?
Mein Schreckensgang bringt seligsten Gewinn,
Wie war die Welt mir nichtig, unerschlossen!
Was ist sie nun seit meiner Priesterschaft?
Erst wünschenswerth, gegründet, dauerhaft!
25
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between phenomena and noumena and world became meaningful. Faust’s vision of Helen
held additional significance as it occurred where nature itself was unified by the Mothers.
Faust’s coherent experience of self coincided with an experience of the coherence of
nature. This striving for coherence appeared in Goethe’s poems on metamorphosis and
his work on plant morphology. Philosophical coherence would become central to Arber’s
development of a morphologically-based metaphysics covered in Chapter 4 and Goethean
science covered in Chapter 6. A lack of coherence was central to Goethe’s critique of
mechanistic interpretations of nature within English science, particularly the Royal
Society and its eventual endorsement of Newton’s color theory.

The Royal Society and the Roots of Disenchantment
Goethe’s history of the Royal Society and the influence of Isaac Newton
(1642-1727) contained in his Color Theory, while written later in his life and related to
his work on color rather than botany, is instructive as it presents the range of Goethe’s
problems with the science of his day. 27 The critical tone Goethe took in this history helps
bring his larger scientific project into focus as it points towards sources of the
disenchantment and alienation in mechanistic and materialist interpretations of nature he
sought to counter in his poetry, Faust, and morphological methods.
In 1672, Newton presented his claims that prismatic colors arose from the
decomposition of light by means of refraction with his catoptric, or reflecting, telescope
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Johann Wolfgang Goethe, Zur Farbenlehre, ed. Peter Schmidt, GSW vol. 10, 725-791.
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serving as a practical proof.28 Newton further buttressed his claims with geometric
explanations of his experiments, a perspective he worked out more fully in Opticks
(1704).29 Goethe took issue with the specifics of Newton’s claims, producing experiments
that countered decomposition interpretations and supported an Aristotelean interpretation
of color arising out of the interactions of light and dark.30 More directly relevant to
Goethe’s broader scientific project, he also took issue with Newton’s mathematical
theorizing which, he argued, had since become more rhetorically powerful than empirical
explanations. Goethe sought to rectify the perceived imbalance.
Goethe’s historical critique was twofold: explain the conditions within the Royal
Society that led to the acceptance and promotion of Newton’s ideas, and the conditions
that gave rise to the Royal Society itself. Goethe began with the latter, emphasizing the
“royal” aspect of the Royal Society. Drawing, in part, on the work of Bishop Thomas
Sprat (1635-1713), whose History of the Royal Society (1667) described how the
influence of kings and queens from Henry VII to Charles II had not only supported what
would become the Royal Society, but pointed their investigations in the proper
direction.31 Goethe quoted Sprat’s account at length on how the restoration of the
Isaac Newton, “A Letter of Mr. Isaac Newton, Professor of the Mathematicks in the
University of Cambridge; Containing His New Theory about Light and Colors: Sent by
the Author to the Publisher from Cambridge, Febr. 6. 1671/72; In Order to Be
Communicated to the R. Society,” Philosophical Transactions 6, no. 80 (1671): 3075–87.
29 Isaac Newton, Opticks: Or, a Treaties of the Reflexions, Refractions, Inflexions and
Colours of Light. Also Two Treatises of the Species and Magnitude of Curvilinear Figures
(London: Sam Smith and Benjamin Walford, 1704).
30 Olivier Darrigol, A History of Optics: From Greek Antiquity to the Nineteenth Century
(Oxford: Oxford University Press, 2016), 6-7.
31 Thomas Sprat, The History of the Royal Society of London, for the Improving of
Natural Knowledge (London: T. R., 1667), 150.
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monarchy under Charles II had led to the full realization of the Royal Society.32 As
Steven Shapin and Simon Schaffer argue, Sprat presented experimentation as a way to
mediate disputes safely at a time of political and religious turmoil after the Restoration.33
Goethe largely followed this reading of Sprat.
Goethe agreed that the Royal Society was a safe haven from the religious disputes
that had plagued England since Henry VIII. Despite his efforts elsewhere to describe
nature in an enchanted way, he felt this was a positive for the research of nature. Goethe
described how this protection went back to weekly meetings in 1645 London during the
English Civil War. As the war continued, similar groups appeared in Oxford and
Cambridge, populated, in part, by those fleeing London. In Goethe’s estimation, these
groups sought to block out the lawlessness of humans by considering an eternally lawful
nature. However, the connection of the Oxford and Cambridge groups to the king and
church led to their persecution under Lord Protector Oliver Cromwell (1599-1658)
leading to further reinforcement of the restrictions on political and religious questions.
These restrictions, according to Goethe, sought to suppress the “monsters of the day” of
“rhapsody, religious fantasy” and “prophecies,” that threatened the more peaceful
pursuits of the “love of truth.” 34 These strong words against the millenarian Biblical
fervor of the Civil War period point to the limits of Goethe’s vision of enchantment.

Sprat, The History of the Royal Society of London, 152.
Steven Shapin and Simon Schaffer, Leviathan and the Air-Pump: Hobbes, Boyle, and
the Experimental Life (Princeton: Princeton University Press, 1985), 305-307.
34 Goethe, Farbenlehre, 729. Translation of “Ungeheuer des Tages;” “Schwärmerei,
religiöse Phantasterei;” “Weisagungen;” and “Liebe zur Wahheit.”
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As things calmed down around London after the death of Cromwell, some
members of the Oxford group returned to London in 1659 and began meeting at Gresham
College. The group, which met in soldiers’ quarters, mainly consisted of nobles seeking a
replacement for the courtly life they once enjoyed. Immediately after the restoration of
Charles II in May of 1660, the group moved to formalize itself by electing officers and by
1662 had received royal recognition.35 Goethe emphasized the link between the founding
of the Royal Society and British royalty by translating a long passage from Sprat
detailing how each monarch since Henry VII had supported natural research, praising
those who had distanced themselves from religious institutions and promoted commercial
endeavors.36 Royal association, not too dissimilar from Goethe’s position within the
Weimar court, was an external benefit of the society of which Goethe approved. It also
marked his point of departure from Sprat.
Within the Royal Society, Goethe saw many shortcomings as measured against
the ideal research community described by Francis Bacon (1561-1626) in New Atlantis
(1627).37 These shortcomings were at the heart of alienation produced by overly
theoretical mathematical and mechanistic interpretations of nature. Goethe came into
contact with Bacon through his friend Johann Gottfried Herder (1744-1803), who
Goethe's account lacked a detailed concordance between the establishment of the Royal
Society and the Restoration, though the connection was strongly implied. More specific
relations can be seen in J. R. Jacob, “Restoration Ideologies and the Royal Society,”
History of Science 18, no. 1 (March 1980): 25–38.
36 Goethe, Farbenlehre, 732. Goethe devoted a small section to how this provided the
researchers access to rare items and “Einwirkung bedeutender [considerable influence]”
in society.
37 Ibid., 733-737. These are dealt with in a longer section, “Innere Mängel der Societät
[Inner Deficiencies of the Society].”
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introduced Goethe to Novum Organum (1620).38 Goethe blamed Bacon’s idols for
limiting theoretical thought and clearing the way for the advancement of Newton’s ideas.
Preceding this critical approach, Goethe had been more infatuated with Bacon, something
that he never completely shook. Contrary to what Newton had done, Goethe read Bacon
as promoting observation as a unified individual experience that remained connected to
practical considerations and avoided over theorizing. In New Atlantis, this principle
appeared as the organization of twelve researchers into four groups of three, each with
their own focus: understanding of the mechanical arts, searching for applications, making
connections to broader aspects in life, and carrying out higher observations and
reflections on nature. 39 While Bacon was a revered figure among English researchers,
they were, according to Goethe, unable to realize this aspect of his ideals. Goethe saw his
own approach more within this particular Baconian tradition.40
Goethe traced out his own schema of the division of labor in New Atlantis while
working out his ideas on plant metamorphosis.41 There Goethe explained his methods,
which involved four different types of scientific workers: “utilizers, knowers, beholders,
and comprehenders.”42 The four types could either refer to four groups carrying out the
respective activities or to those activities carried out by one individual. While the types
H. B. Nisbet, Goethe and the Scientific Tradition (London: Institute of Germanic
Studies University of London, 1972), 23-30.
39 Goethe, Farbenlehre, 735-736. Here, Goethe translated a section of Francis Bacon,
New Atlantis (London: J. Crooke, 1660).
40 Nisbet, Goethe and the Scientific Tradition, 31-37. Nisbet further details this doublesided approach to Bacon of Goethe’s.
41 Johann Wolfgang Goethe, “Morphologie,” in Wirkungen Der Französischen Revolution
1791-1797, ed. Klaus H. Kiefer et al., GSW vol. 4.2, 190.
42 Translation of “Nutzende, Wissende, Anschauende und Umfassende.”
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were Baconian, by moving from the practical to the theoretical they also corresponded
with the stages of Goethe’s botanical autobiography and of his description of the
development of style in art. 43 In each case, Goethe sought to describe how the balanced
development of visual perception and conceptual thought occurred in tandem. By
building up familiarity through observation and imaginative contemplation, Goethe's
schema moved from perception to thought without losing the phenomena and thus
avoided the potential alienation of over-theorization.
Goethe unified this polarity with his concept of Urphänomene, often translated as
primary or archetypal phenomenon. Urphänomene signified an ideal grounded in
perception as it maintained a stepwise connection between the perceptual and conceptual.
That, of which we in experience become aware, are in most circumstances those
we allow ourselves to bring, with some attentiveness, under general empirical
rubrics. These we subordinate once again under scientific rubrics, which further
indicate how certain indispensable conditions of appearances become more
familiarly known to us. From there, they all fit themselves little by little under
higher rules and laws, not through the words and hypotheses of the understanding
itself, but revealed through beholding phenomena in a similar way. We name
these Urphänomene, because nothing of appearance overlays them, though they

Goethe, “Geschichte Meines Botanischen Studiums”; Johann Wolfgang Goethe,
“Einfache Nachahmung Der Natur, Manier, Styl,” in Italien Und Weimar, 1786-1790, ed.
Klaus H. Kiefer et al., GSW vol. 3.2, 186-191.
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are however so completely fitting, that one gradually, as we just ascended,
descends from them down to the nastiest snares of daily experience. 44
Spanning a hierarchy of empirical and scientific rubrics extracted from daily experience,
Goethe's Urphänomene reflected his Baconian ideal for the organization of scientific
work.
Unlike Goethe’s stepwise transition through the levels of Urphänomene, a gap
existed between theory and practice in English science under the Royal Society. Goethe
pinned this to their uncritical adoption of a mechanistic imagination. Their distaste for
Scholastic comprehensiveness and Cartesian reflection embodied their unattainable
motto: Nullius in Verba, or “on no one’s word.” This stance led to an aversion towards
any theory not based in the persuasive language of mathematics. Goethe granted
mathematical accounts were convincing.45 His critique was that the value of
Goethe, Farbenlehre, 74. “Das, was wir in der Erfahrung gewahr werden, sind
meistens nur Fälle, welche sich mit einiger Aufmerksamkeit unter allgemeine empirische
Rubriken bringen lassen. Diese subordinieren sich abermals unter wissenschaftliche
Rubriken, welche weiter hinaufdeuten, wobei uns gewisse unerläßliche Bedingungen des
Erscheinenden näher bekannt werden. Von nun an fügt sich alles nach und nach unter
höhere Regeln und Gesetze, die sich aber nicht durch Worte und Hypothesen dem
Verstande, sondern gleichfalls durch Phänomene dem Anschauen offenbaren. Wir nennen
sie Urphänomene, weil nichts in der Erscheinung über ihnen liegt, sie aber dagegen völlig
geeignet sind, daß man stufenweise, wie wir vorhin hinaufgestiegen, von ihnen herab bis
zu dem gemeinsten Falle der täglichen Erfahrung niedersteigen kann.”
45 This is contrary to some historically common conceptions of his distaste for
mathematics like Wells, George A. “Goethe’s Qualitative Optics.” Journal of the History
of Ideas, 32, no. 4 (December 1971): 617–26 and Charles Sherrington, Goethe on Nature
and on Science, The Philip Maurice Deneke Lecture (Cambridge: Cambridge University
Press, 1949), 15; but consistent with others like Dennis L. Sepper, Goethe Contra
Newton: Polemics and the Project for a New Science of Color (Cambridge: Cambridge
University Press, 1988); Martin Dyck, “Goethe’s Views on Pure Mathematics,” The
Germanic Review: Literature, Culture, Theory 31, no. 1 (February 1, 1956): 49–69; and
Martin Dyck, “Goethe’s Thought in the Light of His Pronouncements on Applied and
Misapplied Mathematics,” PMLA 73, no. 5 (1958): 505–15.
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mathematical understanding was limited to technical problems and that by applying it
universally, the Royal Society had, in effect, adopted the most idealistic type of
imagination possible. Where the gap ultimately appeared for Goethe then was not in
technical problems, but between the practice of real experiences and theoretical
descriptions founded on mathematical idealism. Here the Royal Society diverged from
Bacon’s division of labor by tipping the balance towards the mechanical arts so that
reflection, which could ease alienation from the natural world, carried little weight.
The disorganized nature of the Royal Society exacerbated this imbalance. No one,
according to Goethe, was willing to bring in an overarching structure to the society’s
activities. Individuals followed their own interests and guarded their ideas in secrecy.
What little order there was simply divided meetings into those on physics, natural history,
and technical subjects. The order that gradually emerged rested on the authority of
committees judging practiced presentation of experiments, not methods or theory.46 This
was not an optimal way for research on nature to proceed according to Goethe. Not only
did it affect the Royal Society, it also negatively impacted English education, religion,
and practical affairs. The most harm came from the conception of self that such
understanding promoted for scientists. Rather than valuing the diverse observations
required for theory formation, a theory might be based on only one experiment. This

Shapin and Schaffer, Leviathan and the Air-Pump, 14. Shapin and Schaffer put this in
terms of the limits of experimental replications.
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narrow conception of science had made it possible for Newton to merely present one
experiment as the positive proof of his decomposition theory of light.47
For Goethe, the initial success Newton had in convincing the members of the
Royal Society that his theory on colors was correct depended largely on the success of his
telescope which he sent along with his letter. On this point, Goethe sided with Robert
Hooke (1635-1703), because, despite all the interesting things Newton had detailed, he
had failed to present a convincing theory of color.48 The early discussion surrounding
Newton’s theory and the acceptance of his arguments against Hooke’s objections only
further emphasized the disorganized nature of the Royal Society for Goethe, as discussion
was suspended.49 For the Newtonians, Newton’s response settled the matter. For Goethe,
it did not.
Goethe attributed Newton’s successful defense of this theory and its lasting
influence to his character. He described Newton as a “well-organized, healthy, welltempered man without passion or desire,” which gave him a “constructive nature in the
most abstract sense” that manifested itself as an “actual organ” for “higher
mathematics.”50 With this mathematical organ, Newton was able to organize his own
Newton, “A Letter of Mr. Isaac Newton.” Newton described this experiment as a
“crucial experiment”; Allan D. Franklin, “What Makes a ‘Good’ Experiment?,” The
British Journal for the Philosophy of Science 32, no. 4 (December 1981): 367–74.
Franklin notes that they have now fallen out of favor and impede scientific progress.
48 Sepper, Goethe Contra Newton, 117. Sepper found that Newton’s response to Hooke
did not address the substance of Hooke’s objection that his theory of color was unsound,
but merely asserted the authority of his mathematical interpretation.
49 Ibid, 162. Sepper noted that it was Newton’s confidence that ended further discussion.
50 Goethe, Farbenlehre, 785. Translations of “wohlorganisierter, gesunder,
wohltemperierter Mann, ohne Begierden”; “konstruktiver Natur und zwar im
abstraktesten Sinne”; “eigentliche Organ”; and “höhere Mathematik.”
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inner world and explore the world around him. Newton’s reputation helped him secure
his eventual place as president of the Royal Society and, according to Goethe, eventually
led to his ideas becoming as sacrosanct as the “Ark of the Lord, the touching of which
brings swift death.”51 It was the untouchable nature of Newton that Goethe found himself
dealing with in his own work on color.
While Goethe disagreed with the specifics of Newton’s theory of color, he also
disagreed with the Newtonian perspective that relied on a highly mathematicized
mechanistic metaphor that led to the disenchantment of and alienation from nature.
Goethe placed the origin and subsequent reinforcement of this perspective in the Royal
Society, particularly in its internal failure to follow Bacon’s organizational model based
on a spectrum of research types. Goethe adapted Bacon’s model towards his own ends,
bringing it inline with his phenomenological and morphological scientific aims. Goethe’s
take on Bacon’s research types, which emphasized experience, dovetailed with the other
ways Goethe presented his scientific perspective as in his poetry and Faust. These were
not the only ways in which Goethe highlighted the role of experience in presenting
knowledge of the natural world. His autobiographical writings played a similar role as
they explained his own experiences of disenchantment and alienation which led to the
origin of his own perspectives on nature and scientific practices.

Goethe’s Confrontations with Alienation and Disenchantment through
Autobiography

51

Ibid., 765. Translation of “Arche des Herrn, deren Berührung sogleich Tod bringt.”
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Goethe’s autobiographical writings reveal his beliefs in an enchanted world that
could not be accounted for with mechanistic interpretations of nature. The first
paragraphs of From My Life: Poetry and Truth contain a brief synopsis of his astrological
birth chart.52 While Goethe did not interpret it for the reader, he did affirm its value by
relating how astrologers pointed out to him that he likely would not have survived birth
had circumstances been slightly different. The inclusion of astrological information
shows that he placed some value on it. Goethean scientists, discussed in Chapter 6,
valued astrological information even more so, using it as one way of explaining plant
morphology. Goethe’s interest was merely one aspect of his regard for mysticism that he
sought to infuse into his view of nature to counterbalance the mechanistic worldview.
Goethe freely shared many thoughts with his friend Johann Gottfried Herder
(1744-1803), but one thing he kept to himself was his “mystic-cabalistic chemistry and
what related to it.”53 While Goethe was interested in mysticism enough to pursue it, he
saw that it did not meet the standards of logic for his day, or for himself. His aim in
studying it then was not merely to absorb the knowledge it contained, but to transform it,
so that it could be presented in a more rational fashion than it had previously been
expounded.54 While Goethe suggested his interests in a rational mysticism in his

Johann Wolfgang Goethe, Aus Meinen Leben: Dichtung Und Wahrheit, ed. Peter
Sprengel, GSW vol. 16, 13.
53 Goethe, Aus meinem Leben, 445. Translation of “mystisch-kabbalistische Chemie und
was sich darauf bezog.”
54 Ronald D. Gray, Goethe the Alchemist. Gray makes a direct connection between
Goethe’s studies in alchemy and the mystic Jacob Böehme on his morphology.
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autobiography, he also described his first encounter with mechanistic interpretations of
nature coming out of the French Enlightenment and Linnaeus’s taxonomy.
During his student days at Leipzig from 1765 to 1768, Goethe and other students
had lunch at the home of the professor of medicine and botany, Christian Gottlieb
Ludwig (1709-1773). The ideas circulating at these discussions had an impact on Goethe
who was then doubting his pursuit and judgments of poetry. There Goethe heard
arguments over the ideas of Albrecht von Haller (1708-1777), Carl Linnaeus
(1707-1778), and Georges-Louis Leclerc, Comte de Buffon (1707-1788) which were
always met with respect for their accomplishments even when someone might dispute the
details of their work. These conversations opened up a new scientific vocabulary for
Goethe, one that he would later build upon. Repeated discussions of these themes
ultimately inspired Goethe to attend lectures on chemistry and anatomy, but did not lead
Goethe to press further.
As a student, Goethe also learned about the work of the French Encyclopedists
and Baron d’Holbach’s (1723-1789) Système de la nature (1770).55 Goethe found the
Encyclopedists’ exposition of the mechanical arts as equally distasteful and alienating as
the mechanistic worldview expounded by d’Holbach. The Encyclopedists’ detailed
description of the production of cloth caused Goethe to feel uncomfortable in his own
clothes to the extent that he wanted to take off his coat. Goethe’s distaste for d’Holbach’s
atheism and determinism rested largely in his failure to provide any facts about nature,
being so deficient in this manner that Goethe surmised that d'Holbach knew as much
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about nature as he and his friends, which was very little. D’Holbach’s eternal matter
created a “dreary, atheistic midnight mood, in which the Earth with all her forms, the sky
with all his stars vanish” and undermined any appreciation of form. 56 Goethe’s take away
was not to bother with philosophy and metaphysics and direct his energy towards “living
knowledge, experience, action, and poetry.”57 But those were Goethe’s student days. As
his interest in science grew later in his life, Goethe again turned to such topics.
Goethe understood his botanical autobiography as a way to validate his theoretical
ideas.58 Although he lacked scientific training, his life had led him to find a way of
understanding plants that did not alienate him and was open to the enchanted vision
presented in his poetry and Faust. This way was both reliant upon and a reaction to
Linnaean systematics.59 Goethe spent a great deal of effort studying Linnaeus after
moving to Weimar in 1775. The Duke Karl August (1757-1828), who brought Goethe to

Ibid., 524. Translation of “tristen atheistischen Halbnacht zu Mute, in welcher die Erde
mit allen ihren Gebilden, der Himmel mit allen seinen Gestirnen verschwand.”
57 Ibid. Translation of “lebendige Wissen, Erfahren, Tun und Dichten.”
58 Goethe, “Der Verfasser Teilt Die Geschichte Seiner Botanischen Studien Mit,” 438–57
59 Philip Rehbock, The Philosophical Naturalists: Themes in Early Nineteenth-Century
British Biology (Madison, WI: University of Wisconsin Press, 1983), 19. Leslie P.
Williams and Henry J. Steffens, The History of Science in Western Civilization
(Washington: University Press of America, 1977), 11; Chad Wellmon“Goethe’s
Morphology of Knowledge, or the Overgrowth of Nomenclature,” in Goethe Yearbook,
vol. 17, ed. Daniel Purdy, 153-177 (Rochester, New York: Camden House, 2011). This
presentation of Goethe’s relationship to Linnaeanism has been viewed in both direct and
reactionary ways. Directly, Rehbock views Linnaeus as having presented the idea of
metamorphosis in Philosophia Botanica that suggested a unitary plan within nature. In
this way he directly influenced Goethe’s ideas on metamorphosis. The reactionary
connection, presented by Williams and Steffens as well as Wellmon has seen Linnaeus’
system as an object for Goethe to rebel against and so develop his own ideas. Here
Goethe is seen as overwhelmed by the nomenclature and straining to include a role for
the imagination.
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Weimar, created an area for botanical study from the gardens of the court with an eye
towards its scientific worth. Goethe helped organize these new gardens and studied
Linnaeus’ Termini Botanici, Fundamenta Botanices, Philosophia Botanica and Johann
Gessner’s (1709-1790) Dissertationes Physicae de Vegetabilibus but failed to master their
content. In the summer of 1785, Friedrich Gottlieb Dietrich (1765-1850), whose
grandfather had exchanged letters with Linnaeus and who would eventually write his own
Lexicon der Gärtnerei und Botanik, collaborated with the older man. Dietrich, according
to Goethe, had a great memory for recalling Linnaean terminology. The two spent time in
the surrounding forests collecting specimens. Dietrich would be out collecting and
returning each specimen by happily reporting the genus and species to Goethe who
waited in the carriage. The young enthusiast aided Goethe’s mastery of the Linnaean
system more than attempting to memorize the long lists of names from books. Ultimately,
however, Linnaeus’s system did not sit well with Goethe.
After he had become more familiar with plant life and Linnaean taxonomy,
Goethe travelled in Italy between 1786 and 1788, where he made connections between art
and nature.60 These connections often showed how Goethe understood the two to be
experienced and learned in similar ways.61 Both could be understood and organized in
myriad ways without being exhausted. Both produced a restlessness that called for the
observer to pronounce their intuitive judgment and feelings on the subject. This
Johann Wolfgang Goethe, Italienische Reise, ed. Andreas Beyer and Norbert Miller,
GSW vol. 15.
61 McCarthy, Remapping Reality, 87, finds the two linked by Goethe's declaration that
humans are a manifestation of nature in the highest sense and thus the real object of art as
it is one of the most visible expression of the workings of perception.
60
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restlessness brought efforts towards understanding, making the more scientific activities
of classification and differentiation necessary. But those efforts could only go so far, since
for Goethe “at last we turn back to a looking and savoring admiration” which signaled
that one could learn from nature by being an artist just as one could learn being a
scientist.62 A sculptor, for example, might come upon the same ideas that one could learn
in comparative anatomy, but in a slower, less verbally expressible way. Chapter 4 will
discuss how Arber made similar connections between drawing and morphology.
Goethe’s trip through Italy allowed for reflection on his own way of being in the
world, a way that was directly related to the natural philosophy he expounded in other
writings. Goethe emphasized his tendency towards intuition and pictorial thinking.
Identifying with the French philosopher Jean-Jacque Rousseau’s (1712-1778) “beautiful
organization,” which could descend into hypochondria, Goethe saw himself as being able
to maintain his sanity with an interest in nature and his ability to compare and organize “a
hundred observations” without being overcome with confusion. 63 Goethe understood
these tendencies and abilities as leading him to carry a “great, beautiful, incomparable
thought of Sicily so clear, complete, and pure in the soul.”64 This mode of thinking was
also evident in the botanical observations made on his journey.

Goethe, Italienische Reise, 640. Translation of “kehren wir endlich zu einer
schauenden und genießenden Bewunderung zurück”; McCarthy, Remapping Reality, 87,
describes Goethe as understanding “Analysis and categorization of natural phenomena
are a mere preluded to truly artistic endeavors,” ultimately advocating an interdisciplinary
approach to nature.
63 Ibid., 263. Translations of “schöne Organisation” and “hundert Beobachtungen.”
64 Ibid., 392. Translation of “großen, schönen, unvergleichbaren Gedanken von Sizilien
so klar, ganz und lauter in der Seele.”
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Goethe’s botanical ideas were scattered about as he relayed his travels through
Italy to his friends back home. Often, he did not go into detail, merely stating that he had
thought of something unconventional and continued thinking about it, despite his concern
about how his thought would be received by trained botanists. After observing the plant
life of Italy where he saw both new and familiar yet different plant forms, Goethe found
more similarities than differences among plants, a collection of experiences he
synthesized in the concept of the Urpflanze. In May of 1787, Goethe wrote to Herder
about his discovery of the Urpflanze, usually translated as archetypal or primordial plant.
Furthermore I must confide to you that I am quite near to the secret of plant
generation and that it is the simplest which will come only as thought… The
Urpflanze will be the strangest creature in the world, for which nature itself shall
envy me. With this model and the key for it, one can then endlessly invent plants,
the consequent must be and meaning of this is that it, if it even does not exist, it
however can exist, and not as some picturesque or poetic shadow and light, but
having an inner truth and necessity.65
Goethe sought to “imagine well” what was most fundamental to flowering plants, but did
so with a concept that was creative.66 Goethe claimed his model could invent plant forms
that did not exist but could exist. A young fennel, for example, showed him how the

Ibid., 393-394. Translation of “Ferner muß ich dir vertrauen, daß ich dem Geheimnis
der Pflanzenzeugung ganz nahe bin und daß es das einfachste ist, was nur gedacht
warden kann. Die Urpflanze wird das wunderlichste Geschöpf von der Welt, um welches
mich die Natur selbst beneiden soll. Mit diesem Modell und dem Schlüssel dazu kann
man alsdann noch Pflanzen ins unendliche erfinden, die consequent sein müssen, d.h. die,
wenn sie auch nicht existieren, doch existieren könnten und nicht etwa malersiche oder
dichterische Schatten und Scheine sondern eine innere Wahrheit und Notwendigkeit
haben.”
66 Emily Brady, “Imagination and the Aesthetic Appreciation of Nature,” in The
Aesthetics of Natural Environments, ed. Allen Carlson and Arnold Berleant (Toronto:
Broadview Press, 2004.), 165. Brady uses this term to justify the use of imagination in
natural aesthetics.
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forms of earlier leaves were simpler than leaves that grew later, demonstrating that while
the organism of the plant was a whole, it contained within its being a development that
was differentiated. He also observed plants grown to maturity in the ground in Italy while
in Germany the same species had to be grown in pots or greenhouses. Partially fulfilling
Faust’s desire to understand “what at heart holds together the world,” Goethe had
experienced the thought within plant growth.
When he returned from Italy, Goethe condensed his experiences of art and nature
in an essay that suggested the Urpflanze as the source of style in regards to botanical
paintings, his pinnacle of the artistic knowledge of nature. 67 Style was the cultivated
ability to bring out the “essence” of an object as far as it was sensible, a skill that
emerged after passing through the modes of imitation and manner.68 This fundamental
link between artistic and scientific representation was a further effort by Goethe to bring
life back into a world deadened by mechanistic and materialist interpretations of nature, a
link that will be considered in Chapter 6 when discussing the work of the Goethean
scientists Adams and Whicher. To counter these alienating and disenchanting
interpretations more directly, Goethe turned his attention towards formulating a scientific
presentation of the Urpflanze just two years after his return to Weimar.
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The Metamorphosis of Plants
Goethe published his most significant contribution to botanical literature in 1790
after returning from Italy: Essay Explaining the Metamorphosis of Plants. 69 Although
Goethe did not mention the Urpflanze in Metamorphosis, it is implicit in his overall
description of plant metamorphosis which identified the developmental process of growth
as common to all flowering plants. His later formulation of Urphänomene was evident in
how he weaved the idea of metamorphosis through specific descriptions of plant growth
like roses, lilies, daffodils, and buttercups. Metamorphosis pointed to a common striving
among plant life passing through various organs—leaf, pistil, carpel, fruit, etc.—
individuated by the actual growth of each plant. Goethe’s interpretation of each organ in
terms of the others by way of metamorphosis described a deep-seated unity of organic
forms that struck at Linnaeus’s artificial taxonomy that grouped plants around one
character.70 The ability to think and see this unity, as in the garden of his poem above,
provided a less alienated standpoint.
Goethe distinguished three separate types of metamorphosis in his study: “regular,
irregular, and accidental.”71 Accidental metamorphosis resulted from outside influences
such as an insect, but Goethe’s main concern was with regular and irregular

Johann Wolfgang Goethe, “Versuch Die Metamorphose Der Pflanzen Zu Erklären,” in
Italien Und Weimar, 1786-1790, ed. Hans J. Becker et al., GSW vol. 3.2, 318–66.
70 A. G. Morton, History of Botanical Science (London: Academic Press, 1981), 268.
Here, Morton describes Linnaeus’s practical preference for artificial systems.
71 Goethe, “Versuch Die Metamorphose Der Pflanzen Zu Erklären,” 319. Translation of
“regelmäßig, unregelmäßig un zufällig.”
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metamorphosis, which he also called “progressive” and “retrogressive.”72 The first
referred to the normal step-by-step progression of seed, leaves, flower, fruit, and back to
seed. Irregular metamorphosis occurred in instances when the trajectory of regular
metamorphosis appeared to reverse as when a leaf appeared where one would expect a
stigma. In cases of irregular metamorphosis, the plant did not meet the expectations of the
observer of a certain form and another form that was present at an earlier stage of growth
reappears.
Metamorphosis emphasized regular metamorphosis. Goethe began by describing
the transition from seed to the emergence of the cotyledons, or seed leaves. Goethe noted
that these leaves frequently did not look like the leaves one would expect, being “often
misshapen, as it were stuffed with a coarse matter, and expanded just as much in
thickness as in breadth.”73 But following them further, Goethe found these leaves lost
some of their initial properties and became more identifiable as leaves. With the
recognition that these are leaves, a node must also be present and so Goethe called the
point of attachment of the cotyledons the plant's first node.
Development of the stem leaves took place at successive nodal points. Goethe
viewed the development of leaves as they emerged along the stalk moving from simple to
complex forms. He attributed this complexity to the effects of air on the leaf pointing to
the less complex leaves of underwater plants as justification. Goethe recognized this as a
phenomenon which occurred with incomplete anastomosis of the leaf veins; that is, the

Ibid, 320. Translation of “fortschreitende” and “rückchreitende.”
Ibid., 322. Translation of “oft unförmlich, mit einer rohen Materie gleichsam
ausgestopft, und eben so sehr in die Dicke als in die Breite ausgedehnt.”
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incomplete connection of veins by leaf matter.74 Water crowfoot (Ranunculus aquaticus)
served as a particularly good example of this by having veins with little connective leaf
matter forming below the surface of the water and completely anastomosed leaves with
their connective matter above water. This showed even more clearly in leaves that form at
the water’s surface and develop both forms in respect to whether that part of the leaf is
above or below water.
The end of leaf formation signaled the beginning of “the epoch of the flower.”75
Goethe developed a physiological explanation underlying the transition between these
two periods of growth involving the levels of refinement of saps or fluids of the plant to
support his interpretation of each organ as a metamorphosis of the other. In the leaves and
stalk the fluids were thick and dense, becoming refined and thinner through the course of
further leaf development, until reaching the ultimate refinement and thinness in the
flower. Goethe connected these saps with the nutrition of the plant, noting that when a
plant flowered sooner than expected it was because nutrition was being withheld. The
excess nutrition led to an excess of thicker saps drained through the leaves and bogging
down the leaf nodes. When this was not the case, the nodes became more refined and led
to flower formation.

Frederick Amrine, “Goethean Intuitions,” in Goethe Yearbook, vol. 18, ed. Daniel
Purdy (Rochester, New York: Camden House, 2011), 61-62. Amrine refers to Goethe’s
view of anastomosis as “mysterious and revealing,” something that is an “enacted,
displayed synthesis; natura naturans made visible.”
75 Goethe, “Versuch Die Metamorphose Der Pflanzen Zu Erklären,” 329. Translation of
“die Epoche der Blüte.”
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Turning to the beginnings of flower formation, Goethe described the calyx as
made up of the same organ forms as those on the stem, the only difference being their
whorled arrangement. Here continuity appreared between dissimilar forms by way of
metamorphosis. Similarity of form as well as movements of contraction and expansion
held together this continuity. Goethe noted that over the course of leaf development, an
initial expansion gave way to a contraction into the calyx that, in turn, led into another
expansion with the petals of the corolla. Goethe identified no consistent form through the
course of plant development, but rather multiple developmental spatial and temporal
forms existed side by side.
This opposition of forces, or movements, at work in metamorphosis ended up
playing two roles. When speaking more generally of these forces, Goethe placed them
within the process of metamorphosis, but they also took on significance for the subjective
understanding of metamorphosis, an apparent explanation by Goethe of his own thought
processes he had hinted at while describing the impression Sicily had made on him
during his travels in Italy.76 In the short essay “Probleme” (1823) Goethe wrote that
metamorphosis led to a “formlessness” which “destroys knowledge, breaks it apart” due
to the increased number of forms under consideration.77 The notion associated with one
form then expands to include other forms as well. Working against this tendency to
Frederick Amrine, “The Metamorphosis of the Scientist,” Goethe Yearbook 5, no. 1
(1990): 187–212. Amrine described the “metamorphosis of the scientist” as a process
under which the observer transforms with the phenomena under observation.
77 Johann Wolfgang Goethe, “Probleme,” in Zur Naturwissenschaft Überhaupt, Besonders
Zur Morphologie Erfahrung, Betrachtung, Folgerung, Durch Lebensereignisse
Verbunden, ed. Hans J. Becker et al., GSW vol. 12, 294–96. Translations of “Formlose”
and “zerstört das Wissen, löst is auf.”
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formlessness was a tendency towards specificity of character and phenomenal persistence
of form. Goethe used as an example the genus Erica that produced leaves and flowers
identical in form at each node. Here little or no dissolution would occur in the
imagination since little variation of phenomena occurred. Since these opposing forces of
dissolution and stasis, expansion and contraction, often occurred simultaneously,
symbolic representation was best. But Goethe found it doubtful that it would catch on.
In Metamorphosis, Goethe sought to tie together each stage of plant development
by suggesting that they were expressions of the metamorphosis of one form.
It is itself understood here, that we must have a general word whereby we denote
this metamorphosed organ in various forms, and all appearances of its form could
be in accord with it… For we can thus equally well say: a stamen is a drawn
together petal, as we could say about the petal: it is a stamen in a state of
expansion.78
Goethe went on to make similar connections between the sepal and leaves as well as stem
and flower and concluded that no existing name tied to plant organs would do. He felt
himself inadequate to come up with such a name.
Goethe’s mature statement of 1823 squarely rejected Linnaean and any other type
of systematics by asserting “Nature has no system, it has, it is life and sequence from an
unknown center toward an unrecognizable boundary.”79 Goethe’s sentiment appeared to

Goethe, “Die Metamorphose Der Pflanzen,”366. Translation of “Es verstehet sich hier
von selbst, daß wir ein allgemeines Wort haben müßten wodurch wir dieses in so
verschiedene Gestalten metamorphosierte Organ bezeichnen, und alle Erscheinungen
seiner Gestalt damit vergleichen könnten… Denn wir können eben so gut sagen: ein
Staubwerkzeug sei ein zusammengezogenes Blumenblatt, als wir von dem Blumenblatte
sagen können.”
79 Goethe, “Probleme,” 294. Translation of “Die Natur hat kein System, sie hat, sie ist
Leben und Folge aus enem unbekannten Zentrum, zu einer nicht erkennbaren Grenze.”
78
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counter Kant’s call for systems united by an underlying idea of the whole, a call Friedrich
Schelling’s (1775-1854) System of Transcendental Idealism (1800) sought to answer.80
But denouncing any system of nature was an initial effort to realize a natural
organization, one which Linnaeus himself had proposed existed and hoped would
eventually come about as the result of his own artificial system. 81 Goethe praised
Schelling’s efforts along these lines.82 The exploring and naturalist Alexander von
Humboldt’s (1769-1859) biogeographical explanations in Ideen zu einer Physiognomik
der Gewächse (1806) were another example of a step towards a more natural taxonomy.83
At the basis of Goethe’s undertaking had been his Metamorphosis where he
distinguished what he had done from Linnaeus. Goethe thought that by basing his thought
on the observation of annually flowering plants, he had a firmer foundation than
Linnaeus’s conclusion based on the six-year developmental cycle of some flowering
trees. For support of his position, he drew attention to Linnaeus’s claim that the stamens
originated out of the outer layer and the pistil out of the center of the stem. Goethe had
found their common origin in the subsurface layer of the stem. As an additional
distinction, Goethe did not connect his description of metamorphosis to any work on

Richards, The Romantic Conception of Life, 66 and 114.
James L. Larson, “Goethe and Linnaeus,” Journal of the History of Ideas 28, no. 4
(December 1967): 590–96.
82 Richards, The Romantic Conception of Life, 467.
83 Johann Wolfgang Goethe, “Alexander von Humboldt: Ideen Zu Einer Physiognomik
Der Gewächse,” in Weimarer Klassik 1798-1806, ed. Victor Lange et al., GSW vol. 6.2,
770–75.
80
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classification as Linnaeus had done, leaving his description of the plant purely as an
example of morphology. 84
In 1831, shortly before his death, Goethe published a short essay on a different
botanical topic important for Chapters 4, 5, and 6: phyllotaxis, or the arrangement of
leaves along the stem. After reading papers on the subject by Karl Friedrich Phillip von
Martius (1794-1868) at the University Munich, Goethe requested the botanist pay him a
visit to personally tutor him.85 In Goethe’s essay, he aligned his theory of metamorphosis
with vertical and spiral tendencies in plant growth. Like expansion and contraction, each
was inseparable from the other in the actual process of plant growth. Yet Goethe
separated them conceptually in a way consistent with the epochs he outlined in
Metamorphosis. Goethe associated the vertical tendency with vegetative processes of leaf
development in the shoot and the processes of the root. He identified the spiral tendency
as a process related to those of reproduction in the flower. The former was more apparent
in the growth of monocotyledons and the latter in dicotyledons.
Goethe’s brief foray into phyllotaxis demonstrated that his interest in plant
morphology was a life-long interest in bringing about a unified conceptualization of plant
life that countered mechanistic interpretations of nature and the reductiveness of
Wellmon, “Goethe’s Morphology of Knowledge, or the Overgrowth of Nomenclature,”
draws attention the artificial nature of Goethe’s method and his recognition of it as such
since it is based on a compression of the time of development of a plant by mental
picturing. Yet I maintain that it still seeks to mimic nature more for Goethe than did the
Linnaean hierarchical system.
85 Johann Wolfgang Goethe, “{Weitere Studien Zur Spiraltendenz},” in Letzte Jahre:
1827-1832, ed. Johannes John et al., GSW vol. 18.2, 484–508; Johann Wolfgang Goethe,
“Über Die Spiraltendenz,” in Letzte Jahre: 1827-1832, ed. Johannes John et al., GSW
vol. 18.2, 480–83.
84
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Linnaean taxonomy. His identification of metamorphosis provided an interpretative
framework to understand the forms of individual organs, and the organisms of flowering
plants more generally, as conceptually and structurally related. Twentieth-century
Anglophone morphologists, in response to the growing tide of evolutionary theory,
accepted the fundamentals of this interpretative framework but challenged its details, the
topic of Chapter 3. Goethe’s scientific thought was not restricted to morphological
debates as Anglophone scientists and historians of the twentieth century commented upon
Goethe’s scientific work more generally with many seeing his botanical pursuits as
merely a passing fancy.

Goethe in Twentieth Century Scholarship
For twentieth-century Anglophone scientists and historians, the range of opinion
on Goethe had been set in the previous century. English historian, philosopher, and
astronomer William Whewell (1794-1866), who coined the word scientist, described
Goethe as “an entire failure” in optics.86 Yet regarding his morphology, Whewell wrote,
“we might almost be led to think that this writer’s poetical endowments had contributed
to this scientific discovery.” In discrediting Goethe’s optics and acknowledging his
impact on biology, Whewell set up a dualistic view of Goethe among Anglophone
scientists and historians that was both critical of and open to Goethe’s science. Whewell
also treated Goethe’s work in isolation from his broader views on science and nature.

William Whewell, History of the Inductive Sciences: From the Earliest Times to the
Present, vol. 3, 3 vols. (London: John W. Parker, 1837), 434-440.
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Though disagreements occurred over which parts of Goethe’s science was acceptable and
which were not, this trend continued into the following century with few exceptions.
Some twentieth century Anglophone biologists rejected Whewell’s assessment of
Goethe’s impact on biology. One was the Scottish zoologist E. S. Russell (1887-1954),
who shunned Mendelian genetics and neo-Darwinism in his attempt to unify evolution,
development, and heredity. In 1916, Russell described Goethe’s work as unoriginal and
emphasized his inability to carry his morphological work to completion, concluding that
he “was little more than a dilettante.”87 Two decades later in a 1942 lecture, the retired
Oxford physiologist Charles Sherrington (1857-1952) found Goethe’s science without
merit on the basis of his poetry, writing, “were it not for Goethe’s poetry, surely it is true
to say we should no longer trouble about his science.”88 Sherrington maligned Goethe’s
talents, quite pointedly noting that “Goethe, though devoted to science, had not at root the
scientific temperament.” Sherrington clarified that Goethe lacked “along with the urge to
discovery the sublime detachment of the scientific thinkers.” Elsewhere, Sherrington, a
poet himself, was much more interested in Goethe as a literary figure.89 Beyond pointing
out that none of Goethe’s scientific ideas had stood the test of time, Sherrington described
him only as an “enthusiast and amateur.” Sherrington created a further separation in the
relationship Whewell saw between Goethe’s poetic talents and morphology.

E. S. Russell, Form and Function: A Contribution to the History of Animal
Morphology (London: John Murray, 1916), 45.
88 Charles Sherrington, Goethe on Nature and on Science, The Philip Maurice Deneke
Lecture (Cambridge: Cambridge University Press, 1942).
89 Charles Sherrington, “Goethe, An Appreciation,” The British Medical Journal 2, no.
4625 (August 27, 1949): 449–50.
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Assessments of Goethe’s work from outside the sciences ranged between
sympathetic and critical. J. G. Robertson (1867–1933), Professor of German Language
and Literature at the University of London, found interest in Goethe’s science
unwarranted and taken more as a curiosity since his work had failed to make lasting
contributions.90 For Robertson, Goethe was only a “theorist who wished to see his
theories substantiated.” Oxford University’s historian of science and medicine Charles
Singer (1876-1960) provided the opposite assessment of Goethe as a theorist,
demonstrating how wide the range of opinions was.91 What others had characterized as
Goethe’s “vague or extravagant” generalizations actually drew attention away from the
prevailing anthropocentric perspective in comparative anatomy of the time. Goethe did
not allow for his own biases to creep into his investigations and succeeded because,
according to Singer, “he was a man of genius and was more interested in Nature than his
own method.” Yet others saw the discourse on Goethe’s science as too superficial.
Heinrich Meyer (1904–1977), a professor of German Language and Literature in
Pennsylvania, found assessments of Goethe’s worth overly positive and simplistic since
they did not take into account the historical nuances that should go into assessing preDarwinian biology. 92 The best way to assess Goethe’s science was as a product of its own

J. G. Robertson, Goethe and the Twentieth Century (Cambridge: Cambridge University
Press, 1912).
91 Charles Singer, The Story of Living Things: A Short Account of the History of the
Biological Sciences (New York: Harper and Brothers, 1931), 214.
92 Heinrich Meyer, “Goethe as a Scientist: A Problem in Historical Method,” Monatshefte
41, no. 8 (December 1, 1949): 415–23.
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time. While Meyer’s sentiment was shared by later scholars, his warning was largely
ignored.
Many twentieth-century scientists and historians addressing Goethe’s morphology
sought to link Goethe to evolutionary thought. This historiographic trend would
eventually merge with the nuanced contextualization called for by Meyer, but early
treatments expressed more superficiality. In 1929, the American paleontologist Henry
Fairfield Osborn (1857-1935) declared Goethe the “greatest poet of Evolution” and
assessed his approach as amassing evidence without any theory.93 Goethe’s “unity of
type” was at the basis of his evolutionary thought and Metamorphosis demonstrated those
tendencies. Later, Otto Haas (1887-1976), also at the American Museum of Natural
History, isolated particular passages in Goethe’s writings pointing to evolutionary ideas
such as his discussion of the sequential arising of the horse. 94 Haas and Osborn used the
idea of evolution as a standard to judge Goethe’s thinking, but in a way that was
favorable. Meyer’s more nuanced historical approach to Goethe’s science would have to
wait until 2002 when the contemporary historian Robert J. Richards provided a
historically contextualized view of Goethe’s relation to evolution by situating Goethe
within the broader Romantic response to Kant’s transcendental philosophy.95 Richards’s
assessment rests on earlier historiographic trends. For instance, Timothy Lenoir linked
Goethe to Kant by describing his note-riddled copy of Kant’s Critique of Judgment and

Henry F. Osborn, From the Greeks to Darwin: The Development of the Evolution Idea
through Twenty-Four Centuries (New York: C. Scribner’s Sons, 1929), 181.
94 Otto Haas, “Goethe and Evolution,” Osiris 10 (1952): 39.
95 Richards, The Romantic Conception of Life.
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concluded that even if Goethe might not have fully understood Kant, he at least gained
some benefit in reading him. 96
These instances demonstrate the multiple and diverse receptions of Goethe by
twentieth-century scientists and historians. While contextualization of Goethe’s thought
tended to increase over the course of the century, it could obscure the more fundamental
debate over the nature of science where Goethe served as a proxy to signify Romantic
ideals.97 Richards argued, to the consternation of the Anglo-American philosopher of
biology Michael Ruse, that Goethe’s influence on Darwin made the latter a Romantic
biologist.98 Some of the strongest criticisms came from those who, like Sherrington, drew
on Enlightenment ideals. On the other side, the more favorable views of Singer may have
something to do with his closeness to the Romantically-minded Thompson, the subject of
Chapter 5, and Arber, the subject of Chapter 4.99
The tension between reading Goethe from Enlightenment and Romantic ideals
came out forcefully in the twentieth century with the assessments of the Princeton
Timothy Lenoir, “The Eternal Laws of Form: Morphotypes and the Conditions of
Existence in Goethe’s Biological Thought,” Journal of Social and Biological Structures
7, no. 4 (1984): 317–24.
97 It is worth pointing out that Goethe has also been associated with Enlightenment ideals.
See Paul E. Kerry, Enlightenment Thought in the Writings of Goethe: A Contribution to
the History of Ideas, Studies in German Literature, Linguistics, and Culture (Rochester,
N.Y: Camden House, 2001).
98 Michael Ruse, “The Romantic Conception of Robert J. Richards,” Journal of the
History of Biology 37 (2004): 3–23.
99 While the two shared an interest in the history of science, Singer also stepped in to
clarify points of Thompson’s metaphysical views. See especially Charles Singer, “D’Arcy
Wentworth Thompson,” The Times Literary Supplement, July 25, 1958, ARA #53
1886-1953 Box 4 Folder 3 Lily Gift - Clippings Ap128; Singer dedicated The Story of
Living Things to Arber who also read both Singer’s manuscripts and proofs, offering her
own suggestions.
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professor of history of science Charles Gillispie (1918-2015).100 This tension is all the
more curious because although Gillispie strongly critiqued Romantic views, in more
private communications he signaled his personal preference for them.101 Setting those
preferences aside, Gillispie’s Enlightenment-based critique of Goethe was based on the
work of Romantically-oriented German-English philosopher and physicist Ernst Lehrs
(1894-1979).102 Like Adams and Whicher discussed in Chapter 6, Lehrs considered
himself a Goethean scientist. Gillispie agreed with Lehrs’s interpretation of Goethe and
used it as his main source. The only difference between the two was the scientific ideals
they held. Lehrs claimed he was working out of a recognition of the “significance of
‘Goetheanism’ for the future development not only of science but of human culture in
general.” 103 Gillispie, on the other hand, called Goethe’s work “anti-science.” 104
Despite their polarity of opinions, one area of agreement for Lehrs and Gillispie
was Goethe’s attitude towards Linnaeus. The source of this agreement was Goethe’s
admission in his botanical autobiography that

Charles Coulston Gillispie, The Edge of Objectivity: An Essay in the History of
Scientific Ideas, 3rd paperback (Princeton: Princeton University Press, 1970).
101 Anthony Chaney, Runaway: Gregory Bateson, the Double Bind, and the Rise of
Ecological Consciousness (Chapel Hill: University of North Carolina Press, 2017),
92-93. “Gillispie wrote back expressing delight over the letter and admitted to a
preference for the romantic view himself. ‘It is science that prefers’ the Darwinian view,
Gillispie wrote, ‘not me.’” According to Chaney, Gillispie decision to criticize Romantic
values was not due to his personal preferences but because the success of science called
for it.
102 Ernst Lehrs, Man or Matter: Introduction to a Spiritual Understanding of Nature on
the Basis of Goethe’s Method of Training Observation and Thought, Second edition,
revised and enlarged. (London: Faber and Faber, 1958).
103 Ibid., 21,
104 Gillispie, Edge of Objectivity, 535.
100

"57
after Shakespeare and Spinoza the greatest influence on me came from Linnaeus
and admittedly through the conflict to which he brought me. Because I tried to
absorb his sharp, ingenious separation, his apt, suitable, but often arbitrary laws,
a conflict went forth within me: that, what he sought to distinguish with force,
must, following the innermost need of my essence, strive for resolution.105
Lehrs, while granting that Goethe thought Linnaeus thorough and ingenious, took this
passage in isolation from other statements on Linnaeus in the same essay. Lehrs
concluded that Linnaeus’s influence on Goethe was repellant and agonizing, leading
Goethe to take another direction. 106 Somewhat similarly, Gillispie’s Goethe was deeply
insulted by Linnaean taxonomy and thus failed to contribute towards the progress of
botanical classification.107 Due to their larger visions of science, the agreement of Lehrs
and Gillispie reveals their point of departure. For Lehrs, Goethe’s initial distaste for
Linnaeus was an obstacle to Goethe’s morphological project. For Gillispie, Goethe’s
initial distaste for Linnaeus arose from Goethe’s unwillingness to do actual science.
Goethe, however, did not see such stark a contrast between himself and Linnaeus. In the
essay quoted above, he understood his relationship to Linnaeus, as well as subsequent

Johann Wolfgang Goethe, “Geschichte Meines Botanischen Studiums,” 20–25.
Translation of “nach Shakespeare und Spinoza auf mich die grösste Wirkung von Linné
ausgegangen und zwar gerade durch den Widerstreit, zu welchem er mich aufforderte.
Denn indem ich sein scharfes, geistreiches Absondern, seine treffenden, zweckmässigen,
oft aber willkürlichen Gesetze in mich aufzunehmen versuchte, ging in meinem Innern
ein Zwiespalt vor: das, was er mit Gewalt auseinanderzuhalten suchte, musste nach dem
innersten Bedürfnis meines Wesens zur Bereinigung anstreben.”
106 Lehrs, Man or Matter, 120. According to Lehrs’s Goethe was impressed by the more
“natural” system and terminology of Luke Howard’s classification of clouds.
107 Gillispie, Edge of Objectivity, 180-193.
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taxonomists, as one of common struggle for a system of natural classification, a position
for which neither Lehrs nor Gillispie leave room.108
Gillispie situated Goethe within a Romantic tradition that included ancient Greek
philosophies of becoming, the far right of Weimar Germany, and the contemporary New
Left of the United States.109 The hallmark of this tradition was “a moral revolt against
physics” that sought to place “biology at the heart of science.” Within this tradition,
Gillispie identified Goethe’s as a conservative science working against Enlightenment
progress with the potential to both stimulate and mislead biologists. 110 According to
Gillispie, Goethe had no belief in experimentation, wanted to banish measurement from
science, and desired, like Faust, to take a shortcut to knowledge and power through
magic. Furthermore, Goethe’s emphasis on the unity of nature misdirected science away
from its appropriate path investigating the “multiplicity of phenomena.” Reading Lehrs
had likely convinced Gillispie of many of these things. At the same time, Gillispie
appears to have ignored Lehrs’s less convenient statements. For instance, Lehrs’s Goethe
rejected experimentation as it had “severed nature from man.”111 But at the same time
Goethe presented experiments “in a most positive sense” in his works on color and more
generally advocated for experimentation as part of a larger approach to understanding

Larson, “Goethe and Linnaeus,” 590. Larson interpreted Goethe’s comment as a
“startling and rather back-handed compliment.” Nevertheless, Larson points out Goethe
understood and was sympathetic to Linnaeus’s classification efforts.
109 Gillispie, Edge of Objectivity, 190-199 and 341-347.
110 Ibid., 125, 179, 195-198, 277, and 347.
111 Lehrs, Man or Matter, 11.
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nature. Additionally, a cursory reading of Goethe’s Color Theory demonstrates he was no
stranger to experimentation.
Following the French philosophical historian Alexandre Koyré (1892-1964) who
saw science as a disruptive force on ordered and finite conceptions of the universe,
Gillispie understood that the only way for science to approach the unity of nature was
through a “Platonic mathematical realism” that drew on geometry. Philosophies of
becoming like Goethe’s, according to Gillispie, worked against uncovering the
mathematical being of nature. As Chapters 5 and 6 will demonstrate, Goethe’s
morphological methods were the basis of two approaches to understanding nature
mathematically. Because of his attitude towards Newton, a narrative pitting Goethe
against the use of mathematics had been the standard from the start.112 Since Lehrs said
little on the subject, Gillispie likely picked up on this narrative himself. Goethe’s own
statements on mathematics were straightforward but nuanced. In Color Theory, Goethe
explained how physics had gained much from mathematics, but chromatics had been
harmed.113 While admitting his deficiencies in mathematics, Goethe affirmed its
importance for science and chromatics by arranging a mathematical contributor for Color
Theory and, when that did not work out, calling for mathematicians reading his work to
fill in the gaps. These public statements reflected Goethe’s private interests—brought into
Anglophone discourse mid-century by University of Michigan German professor Martin

Sepper, Goethe Contra Newton, 75-76, links this narrative to Goethe’s polemical
attitude toward Newtonism; George A. Wells, ‘Goethe’s Qualitative Optics’, Journal of
the History of Ideas, 32.4 (1971), 617–26 found an aversion in Goethe to mathematics.
113 Goethe, Zur Farbenlehre, 217.
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Dyck—led him to seek out mathematical tutors.114 Recent historians have also given
Goethe more credit for his mathematical abilities.115
Twentieth-century Anglophone scientists and historians offered a wide range of
assessments of Goethe’s standing as a scientist. He was both praised and criticized while
the rest of his thought was set aside. Some, like Meyer, sought more nuanced and
historically contextualized perspectives that moved beyond facile and oftentimes
uninformed judgments. Even when this was the case, as with Richards, a tendency to use
Goethe to signify a Romantic approach to science remained. In the case of Gillispie, who
used Goethe as a foil for his Enlightenment ideals, that tendency could end up distorting
Goethe’s thought.
When taken as a whole, as this chapter has done, Goethe’s thought provides both
theoretical and methodological approaches to understanding the unity of natural
phenomena. Goethe’s poetry provided concise statements of his metamorphosis theories
while utilizing organic metaphors to express his broader philosophical project against the
disenchantment of and alienation produced by mechanistic interpretations of nature.
Faust extended this project with its descriptions of the experience of alienation while at
the same time providing space for Goethe to elaborate upon his vision of an enchanted
world. Using historical methods, Goethe identified the source of these mechanistic
interpretations in the Royal Society’s preference for mathematics over phenomena-based
theories. Through his autobiographical writings, Goethe presented his own challenges

Dyck, “Goethe’s Views on Pure Mathematics,”: 49–69; Dyck, “Goethe’s Thought in
the Light of His Pronouncements on Applied and Misapplied Mathematics,” 505–15.
115 See especially Sepper, Goethe Contra Newton.
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with French materialism and Linnaean systematics as the source of his striving to develop
methods to understand the bewildering phenomena of nature, and plant life specifically,
resulting in his Metamorphosis of Plants and subsequent botanical writings. The general
reception of Goethe by twentieth-century Anglophone scholars was to treat his science in
isolation from the rest of his work, an approach that more easily allowed him to become
merely a signifier for Romanticism, evolution, and science more generally in negative
and positive ways.
The next chapter follows these historiographic themes into early to mid-century
debates among plant morphologists as they attempted to join what would become the
Modern Synthesis. This debate, fueled by an influx of new morphological evidence from
paleontology and non-flowering plants, pitted supporters of New Morphology against
those advocating Classical Morphology. Contrary to the historiography presented in this
chapter that linked Goethe with evolution, within this debate Goethe appeared as a
signifier of the classical, pre-Darwinian morphology and became a foil for those
advocating the new, evolution-based morphology. This particular reception was more
inline with those who painted Goethe as a Romantic figure who made no real
contributions to scientific understanding.
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Chapter 3 - The Fate of Morphology in the Twentieth Century

This chapter describes the reception of Johann Wolfgang von Goethe’s botanical
work by twentieth-century Anglophone plant morphologists. Of particular relevance is
Goethe’s Metamorphosis of Plants and the interpretative framework he outlined which
related one plant organ to another through metamorphosis. This chapter directly
addresses the historiographical debate, described in the introduction, over whether
twentieth-century biologists revolted against morphology. Unlike the contributors to that
debate, this chapter focuses on the fate of morphology in the face of evolution and
genetics in a botanical context. By bringing to bear evidence from digital databases that
have since become available, analyzing the structure and content of twentieth-century
botany textbooks, and delving into the botanical debate over “new” and “classical”
morphology, it becomes clear that botanists strove to transform their morphological
traditions and develop robust evolutionary morphologies. However their rhetoric and
intentions often overshadowed some of their actual practices and results.
The conclusions of this chapter are thus mixed. Evidence drawn from general
publications and botanical journals suggests the use of morphological terms by botanists
was at least consistent over the course of the century. However, botany textbooks written
during the century and the appearance of “new morphology” point to a rhetorical
devaluation of morphology as Goethe would have practiced it. The analysis of these
trends, however, opens up the possibility for defining morphology broadly not merely as
the study of form, which emphasizes its subject matter, but as the interpretation of form
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which suggests a method. This method, common to all disciplinary forms of morphology
—idealistic, evolutionary, experimental, and others—provides a vantage point to see that
while botanists began writing off Goethe rhetorically, and the classical morphology
associated with him, his interpretive impulse remained present.

The Appearance of Morphology in Electronic Databases

Google Books Ngram Viewer displays the percentage of an ngram—the number
of words in a phrase—among all ngrams of the same size as a graph over a selected range
of years. While ngram percentages can tell us little about practices of morphology, they
do give some indication of its presence in discourse. At the same time, it is important to
keep in mind certain caveats for which I cannot control. One is that academic publishing
increased during the twentieth century. This increase in publications would give the
impression that many words, including morphology, became more commonly used.
Another caveat is the possibility of a higher number of digitized pages coming from the
end of the twentieth century. Finally, morphology is a term that has been used in
linguistics, chemistry, material science, and other contexts besides biology.1 With Google
determining the ngram data set and how it is used, it is difficult to manipulate the data in
ways that circumvent these problems.

It is important to note that the biological use of morphology appeared in 1828 before its
linguistic usage in 1870. “Morphology, N.,” OED Online (Oxford University Press),
accessed July 31, 2017, http://www.oed.com.ezproxy.proxy.library.oregonstate.edu/view/
Entry/122369.
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Figure 1. Google Books Ngram Viewer results for “Morphology”

Figure 2. Google Books Ngram Viewer results for “Plant Morphology.”
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With the preceding in mind, an Ngram spanning 1800 to 2000 (Figure 1) shows a
relatively consistent increase in the use of the term “morphology,” with a very marked
increase coming in the twentieth century, giving an initial indication that interest in the
different forms of morphology persisted.2 More specific to this chapter, the phrase “plant
morphology” (Figure 2) increased as well over the twentieth century with sharp spikes in
the early and late 1950s and two more in the early- to mid-1980s. 3 While these ngram
percentages are broadly suggestive of morphology’s persistence in the twentieth century,
applying similar methods to botanical journals provides information relevant to plant
morphologists directly.
Database searches of the journals Annals of Botany and American Journal of
Botany, which provide more sophisticated methods of analyzing certain databases, also

“Morphology,” Google Books Ngram Viewer, accessed July 18, 2017, https://
books.google.com/ngrams/graph?
content=morphology&year_start=1800&year_end=2000&corpus=15&smoothing=0&sha
re=&direct_url=t1%3B%2Cmorphology%3B%2Cc0. Though not included,
“morphogenesis” follows a similar trend, lending some further weight to the increase in
discussions around form in a biological context. Together, “morphology” shows a far
greater volume than does “morphogenesis,” though it is still not clear how much this is
due to the use of morphology by other disciplines. Unsurprisingly, and suggestive of
Allen’s position, is that relative to the term and “evolution,” the term “morphology”
appeared with much less frequency. Surprisingly, “morphology” did appear more than
“genetics” throughout the twentieth century. But again, this could be due to the nonbiological uses.
3 “Plant Morphology,” Google Books Ngram Viewer, accessed July 18, 2017, https://
books.google.com/ngrams/graph?
content=plant+morphology&year_start=1800&year_end=2000&corpus=15&smoothing=
0&share=&direct_url=t1%3B%2Cplant%20morphology%3B%2Cc0.
2
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Figure 3. Results of search for “morpho*” in
Annals of Botany in titles, abstracts, and texts

reveal the continued use of the term morphology, and related terms.4 Additionally, these
searches indicate the significance of a word for a particular article. When morphology
appears in the title, that article carries more weight than if morphology only appears in
the abstract or, even more so, in the text. Searches, spanning five year intervals, show a
steady increase in the total number of article titles, abstracts, and texts as hits for
“morpho*” in both the Annals of Botany (Figure 3) and the American Journal of Botany

The website for the Annals of Botany (“Advanced Search,” Annals of Botany, accessed
July 18, 2017, https://academic.oup.com/aob/advanced-search) includes a database with
their entire publishing history (including titles, abstracts, and texts) searchable back to its
first issue in August 1887. The most comprehensive database for the American Journal of
Botany is on JSTOR (“Advanced Search,” JSTOR, accessed July 18, 2017, http://
www.jstor.org/action/showAdvancedSearch?acc=off&wc=on) and has allowed for
searches similar to those available on the Annals of Botany database.
4
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Figure 4. Results of search for “morpho*” in American
Journal of Botany in titles, abstracts, and texts.

(Figure 4) over the course of the twentieth century.5 Taking the number of article titles,
abstracts, and texts as a percentage of the total published, something that is not possible
when using Google’s ngram viewer, controls for the increase in the number of articles
published in the second half of the century, giving a better sense of the overall trend of
the presence of “morpho*” in these two journals (Figures 5 and 6). 6 This is an interesting
case, since the two journals no longer appear to agree as much. The Annals of Botany
show no overall increase or decrease in the percentage of appearances of “morpho*” in
We can search these databases for not only specific words like “morphology,” but for all
related words by using a search term like “morpho*,” which includes terms like
morphological, morphologies, and morphogenesis. While it could be argued that
morphology and morphogenesis are quite different, I am more concerned with identifying
interest in understanding form, whether that be from a morphological or morphogenetic
perspective.
6 By also plotting the total number of possible hits in each journal, we see that these
general trends coincide with an overall increase in the number of articles and other pieces
published. This even explains the few decreases.
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all titles, abstracts, and texts, but rather several small ups and downs hovering around
35% to 40%. The American Journal of Botany on the other hand does show a general
percentage increase after staying relatively steady at around 40% to 50% until the Second
World War, after which it increased until the 1970s when it began to level off again at
around 70%.7
These overviews of two prominent Anglophone botanical journals during the
twentieth century demonstrate that interest in the form of plants did not disappear,
suggesting that twentieth-century Anglophone botanists did not revolt against
morphology since the terms presence was consistent and actually underwent a sustained
increased in the American Journal of Botany. Given that twentieth-century botanists kept
using morphology and related terms, the deeper conceptual history of morphology, which
simple statistics cannot capture, becomes important. One way to begin scratching the
surface is to ask, “How did botanists organize their science in introductory college
textbooks?” Tables of contents are indicative of this organization. For the sake of

The increased interest in morphogenesis and developmental morphology is likely one
explanation of this. Controlling for this by comparing the instances of “morpho*,” which
includes both, and “morphol*,” which excludes variants of morphogenesis, shows they
appear in nearly equal numbers in the American Journal of Botany throughout the
twentieth century, with “morpho*” only slightly larger, suggesting that botanists’ interest
in morphology proper was consistent and not eclipsed by new interests in morphogenesis.
Separating out developmental morphology is more difficult since the search does not
allow for the use of a bigram with an *. Searches of “developmental morphology,”
however, give relatively low returns suggesting its appearance alone would not be enough
to explain the increase.
7
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comparison, I will begin with a series of textbooks translated from German before turning
to some representative American textbooks.8

Morphology in Botanical Textbooks
One popular German textbook translated into English went through seven editions
between 1898 and 1976: A Text-book of Botany, later called Strasburger’s Text-book of
Botany.9 Eduard Strasburger (1844-1912), a botanist at Jena and Bonn, helped establish
modern plant cell biology as part of the New Botany movement among German
speakers.10 The success of New Botany was primarily attributed to the work of the
University of Würzburg botanist and historian Julius Sachs (1832-1897), who brought a
unifying perspective to botany by thoroughly incorporating physiological microscopic

These sources, and the textbooks discussed below, were chosen out of a matter of
convenience since they were readily available at Oregon State University’s Valley
Library. They are therefore skewed towards those published in the United States. The
presence of a translation from a German textbook for most of the twentieth-century on
the West Coast of the United States at least suggests something of the reach of that text.
9 Eduard Strasburger, Fritz Noll, H. Schenck, and A. F. W. Schimper, A Text-Book of
Botany, trans. H. C. Porter (London: Macmillan, 1898); Eduard Strasburger, Fritz Noll,
Heinrich Schenck, and George Karsten, A Text-Book of Botany, trans. W. H. Lang
(London: Macmillan, 1908); Eduard Strasburger, Ludwig Jost, Heinrich Schenck, and
George Karsten, A Text-Book of Botany, trans. W. H. Lang (London: Macmillan, 1912);
Eduard Strasburger, Ludwig Jost, Heinrich Schenck, and George Karsten, A Text-Book of
Botany, trans. W. H. Lang (London: Macmillan, 1921); Eduard Strasburger and Hans
Fitting, Strasburger’s Text-Book of Botany., trans. W. H. Lang (London: Macmillan,
1930); Eduard Harder, Walter Schumacher, Franz Firbas, et al., Strasburger’s Textbook of
Botany, trans. Peter Bell and David Coombe (London: Longmans, 1965); Eduard Harder,
Walter Schumacher, Karl Mägdefrau, et al., Strasburger’s Textbook of Botany, trans. Peter
Bell and David Coombe (London: Longmans, 1976).
10 Dieter Volkmann, František Baluška, and Diedrik Menzel, “Eduard Strasburger (1844–
1912): Founder of Modern Plant Cell Biology,” Protoplasma 249, no. 4 (October 1,
2012): 1163–72.
8
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techniques in his textbook which was widely read among early twentieth century
Anglophone botanists.11 Strasburger converted to the Darwinian perspective through
conversations with his friend, the zoologist and Goethe enthusiast Ersnt Haeckel
(1834-1919).12 A 1922 review described the textbook as the “most remarkable” book on
botany, highlighting its section on morphology, “the basis of the science of botany.”13 The
1977 edition was placed alongside Gray’s Anatomy and described as “the Bible of
Botany.”14
Looking at the table of contents reveals two distinct periods of the Strasburger
textbook. The first period covered the first five editions under consideration (1898 to
1930) where the major divisions of the text included “General Botany” and “Special
Botany.” During the second period covering the last two editions (1965 and 1976), there
was a reorganization such that there were four major divisions of the text: “Morphology,”
Francis Darwin, “Julius Sachs,” Nature 56 (July 1, 1897): 201; K. Goebel, “Julius
Sachs,” Science 7, no. 176 (1898): 662–68; Julius Sachs, Geschichte der Botanik vom 16.
Jahrhundert bis 1860 (München: R. Oldenbourg, 1875) translated as Julius Sachs,
History of Botany (1530-1860) (Oxford: Clarendon Press, 1890 and 1906); Review of
History of Botany, by J. Reynolds Greene, Nature 84, no. 2135 (September 29, 1910):
391–92 said Sachs’s history “will always rank, not only as a standard history of botany,
but also as the model of a critical study of the growth and progress of scientific thought."
At midcentury V. F. Lenzen, Review of Botanik der Gegenwart und Vorzeit in
culturhistorischer Entwickelung, by Karl F. W. Jessen, Isis 40, no. 1 (1949): 82 still found
that “There is little doubt that the appearance of the famous Geschichte der Botanik by
Julius von Sachs in I875 eclipsed Jessen's work almost completely, for Sachs' history,
soon translated into English, dominated the field and, in spite of certain easily recognized
defects, is still our standard.”
12 Gloria Robinson, “Strasburger Eduard Adolf,” in Complete Dictionary of Scientific
Biography, vol. 13 (Detroit: Charles Scribner’s Sons, 2008), 87–90.
13 Review of Strasburger’s Textbook of Botany, by Hans Fitting et al., The Journal of
Education 95, no. 4 (2364) (January 26, 1922): 106–106.
14 Donald D. Ritchie, “Classic Botany Text”, by Peter Bell and David Coombe,
BioScience 27, no. 4 (April 1977): 286.
11
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“Physiology,” “Systematics,” and “Plant Geography.” These divisions emerged from
subsections of the first period with “Morphology” previously a part of “General
Botany.”15 With morphology signifying one of the major divisions within botany, we can
conclude that for those reading Strasburger, morphology would have been in a place of
prominence within botany.
What then constituted morphology for those readers? Focusing in on the
“Morphology” sections, we find three distinct periods ranging across the seven editions.
In the first (1898, 1908, and 1912) “Morphology” was divided between “External
Morphology” and “Internal Morphology,” with the latter having the most in common
with Goethe’s Metamorphosis. During the second period (1921 and 1930), “Morphology”
lost the dualism of “Internal” and “External” as the subsections included the more
disciplinarily descriptive terms of “Cytology,” “Histology,” “Organography,” and
“Theory of Descent and the Origin of New Species." The third period (1965 and 1976),
included “Cytology,” “The Grades of Morphological Organization,” “The Characters of
Tissues,” “Morphology and Anatomy of the Plant Body,” and “Reproduction” with
“Principles of Evolution and the Origin of Adaptations” appearing only in 1965. Though
the titles were altered, sections from the latter two periods still focused on “Internal
Morphology,” through cytology and histology, and “External Morphology,” through
organography, evolution, and anatomy.16 This divide between External Morphology and
Included among the subjects of “General Botany” was also “Physiology,” while
“Special Botany” included discussion of “Systematics.”
16 The sections on “The Grades of Morphological Organization” and “Morphology and
Anatomy of the Plant Body” contained more of an integration of what had been internal
and external morphology.
15

"73
Internal Morphology will reappear with some authors discussed below. Over the
twentieth century, Strasburger readers were thus led through a terminological
transformation of what made up morphological knowledge and practice where generic
terms like “internal” and “external” became technically specific as with “cytology” and
“evolution.”
Turning to the American textbooks, we find similarities to Strasburger, but also
important differences. A General Textbook of Botany published in five editions between
1924 and 1953 demonstrates the broader division employed in Strasburger between
“general” and “special” botany, without marking out explicit sections, with early chapters
focusing on general features of all plants and later chapters focusing on specific
taxonomic groups.17 The general chapters discussed cytology, physiology, and ontogeny,
though their characterization shows some change in later editions.18 Almost all other

Gilbert M. Smith, James B. Overton, Edward M. Gilbert, et al., A Textbook of General
Botany (New York: The Macmillan Company, 1924); Gilbert M. Smith, James B.
Overton, Edward M. Gilbert, et al., A Textbook of General Botany (New York: The
Macmillan Company, 1928); Gilbert M. Smith, James B. Overton, Edward M. Gilbert, et
al., A Textbook of General Botany (New York: The Macmillan Company, 1935); Gilbert
M. Smith, Edward M. Gilbert, Richard I. Evans, et al., A Textbook of General Botany
(New York: The Macmillan Company, 1942); Gilbert M. Smith, Edward M. Gilbert,
George S. Bryan, et al., A Textbook of General Botany (New York: The Macmillan
Company, 1953).
18 Titles like “The Make-up of the Plant” (1924, 1928, 1935) become “A Familiar
Plant” (1942) and “The Life Cycle of a Familiar Plant” (1953). “The Structure and
Functions of a Cell” (1924, 1928) becomes two chapters “The Structure of a Cell” and
“How Materials Enter and Leave a Cell” (1935) which becomes “The Nature of a Cell”
and “Some Properties of Cells and Tissues” (1942) before finally reintegrating the two in
“Cells: General Structure and Functions” but adding the more focused “Nuclear and Cell
Division.”
17
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chapters, including the taxonomic chapters, go through similar changes, making it more
notable which chapters do not.
Those chapters that did not change point to an important difference between
General Textbook and Strasburger. American textbooks generally did not have sections
titles that included the term “Morphology.”19 However, a very common method of
organization among the Americans was around major divisions of the plant body rather
than around botanical subjects and practices which mirrored the Strasburger organization
of the section on external morphology. In General Textbook, these chapter were named
after the major plant organs of “Roots,” “Stems,” “Buds,” “Leaves,” and “Seeds and
Fruits.”20 A similar organization appears in another textbook series spanning 1924 to
1984 where nearly all editions have chapters named “The Stem,” “The Root,” “The

George Francis Atkinson, Elementary Botany (New York: Henry Holt and Company,
1899), Douglas Houghton Campbell, A University Text-Book of Botany (New York: The
Macmillan Company, 1902) and William F. Ganong, A Textbook of Botany for Colleges
(New York: MacMillan Company, 1917) were the only textbooks I examined where
morphology appeared as a section heading. They all were published very early in the
twentieth century. In every other textbook I examined, morphology was neither a section
heading nor chapter title.
20 “Seeds and Fruits” became “Fruits and Seeds” in the final edition.
19
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Leaf,” “The Flower,” and “Fruit and Seed.”21 These titles are reminiscent, though slightly
altered, of Goethe’s organization of the plant body. Goethe distinguished the growth of
leaves on the stem from the flower, fruit, and seed. He was, however, less interested in
the stem and roots as morphological units. While these chapter titles, or close variations
of them, did not appear as chapter or section headings in all botany textbooks, they did

Richard M. Holman and Wilfred W. Robbins, A Textbook of General Botany for
Colleges and Universities (New York: John Wiley and Sons, 1924); Richard M. Holman
and Wilfred W. Robbins, A Textbook of General Botany for Colleges and Universities
(New York: John Wiley and Sons, 1927); Richard M. Holman and Wilfred W. Robbins, A
Textbook of General Botany for Colleges and Universities (New York: John Wiley and
Sons, 1938); Wilfred W. Robbins and T. Elliot Weier, Botany: An Introduction to Plant
Science (New York: John Wiley and Sons, 1950); Wilfred W. Robbins, T. Elliot Weier,
and C. Ralph Stocking, Botany: An Introduction to Plant Science (New York: John Wiley
and Sons, 1957); Wilfred W. Robbins, T. Elliot Weier, and C. Ralph Stocking, Botany: An
Introduction to Plant Science (New York: John Wiley and Sons, 1964); Thomas L. Rost
et al., Botany: A Brief Introduction to Plant Biology (New York: John Wiley and Sons,
1979); Thomas L. Rost et al., Botany: A Brief Introduction to Plant Biology (New York:
John Wiley and Sons, 1984). Sometimes “the Seedling” was added to the chapter on fruit
and seed and others dedicated separate chapters on “The Fruit” and “The Seed." The final
text (1984) in this series has the only variation “The Roots” and “The Leaves” became
“The Structure of Roots” and “The Structure of Leaves.”
21
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appear more often than not.22 Even when they did not appear, the authors appealed to
more general morphological titles like “The Parts of Plants” or “Levels of Plant
Organization” or “The Plant Body of Vascular Plants: General Structure.”23 Even in 1994,
chapters entitled “Roots,” “Stems,” “Leaves,” and “Flowers, Fruits, and Seeds” still
appeared.24

Titles like “Leaf,” “Root,” “Stem,” “Flower,” etc. or variation on them also appeared in
Douglas Houghton Campbell, A University Text-Book of Botany (1902); Ganong, A
Textbook of Botany for Colleges (1917); F. O. Bower, Botany of the Living Plant
(London: Macmillan and Co., 1919) the one British textbook examined; William H.
Brown, A Textbook of General Botany (Boston: Ginn and Company, 1925); David Myers
Mottier, A Textbook of Botany for College Students (Philadelphia: P. Blakiston’s Son and
Company, 1932); William H. Brown, The Plant Kingdom: A Textbook of General Botany
(Boston: Ginn and Company, 1935); J. Ben Hill, Lee O. Overholts, and Henry W. Popp,
Botany: A Textbook for Colleges (New York: McGraw-Hill Book Company, 1950); Merle
C. Coulter and Howard J. Dittmer, The Story of the Plant Kingdom (Chicago: University
Of Chicago Press, 1959); J. Ben Hill Lee O. Overholts, and Henry W. Popp, Botany: A
Textbook for Colleges (New York: McGraw-Hill Book Company, 1960); Arthur
Cronquist, Introductory Botany (New York: Harper and Row, 1961); Merle C. Coulter
and Howard J. Dittmer, The Story of the Plant Kingdom (Chicago: University Of Chicago
Press, 1964); T. Elliot Weier, C. Ralph Stocking, and Michael G. Barbour, An
Introduction to Plant Biology (New York: John Wiley and Sons, 1970); Arthur Cronquist,
Introductory Botany (New York: Harper and Row, 1971); T. Elliot Weier, C. Ralph
Stocking, and Michael G. Barbour, An Introduction to Plant Biology (New York: John
Wiley and Sons, 1974); Walter H. Muller, Botany: A Functional Approach (New York:
Macmillan Publishing, 1974); Walter H. Muller, Botany: A Functional Approach (New
York: Macmillan Publishing, 1979); Jean H. Langenheim and Kenneth V. Thimann, Plant
Biology and Its Relation to Human Affairs (New York: John Wiley and Sons, 1982); Roy
H. Saigo and Barbara Woodworth Saigo, Botany: Principles and Applications
(Englewood Cliffs, New Jersey: Prentice-Hall, 1983); Richard M. Klein, The Green
World: An Introduction to Plants and People (New York: Harper and Row, 1987).
23 E. N. Transeau, H. C. Sampson, and L. H. Tiffany, Textbook of Botany (New York:
Harper and Brothers, 1940); Victor A. Greulach and J. Edison Adams, Plants: An
Introduction to Modern Botany (New York: John Wiley and Sons, 1976); John D. Dodd,
Course Book in General Botany (Ames: Iowa State University Press, 1977).
24 Kingsley R. Stern, Introductory Plant Biology (Dubuque, Iowa: Wm. C. Brown, 1994).
22

"77
While the data sets examined in first section of this chapter points to the
persistence of morphology within botany over the course of the twentieth century, an
examination of the tables of contents reveals that, as a term, morphology underwent
devaluation. In Strasburger, this happened over time as morphology lost its place of
prominence after initially subsuming all other botanical methods. In American textbooks,
morphology never even held such prominence as textbooks utilized morphological
subjects rather than the methods for their titles. Nevertheless, an organization, similar to
Goethe’s, of the plant body around major organs persisted.

Textbook Definitions of Morphology
Alongside the structural devaluation of morphology within botany was an
assumption among many botanists, confirming Allen’s assertion for biology more
generally, that morphology need not be defined.25 Texts that did not define morphology
Garland E. Allen, “Morphology and Twentieth-Century Biology: A Response,” Journal
of the History of Biology 14, no. 1 (March 1981): 159–76. Some botany textbook authors
who did not define morphology included Atkinson, Elementary Botany (1899); Daniel
Trembly MacDougal, The Nature and Work of Plants: An Introduction to the Study of
Botany (New York: Macmillan, 1900); Campbell, A University Text-Book of Botany
(1902); William Chase Stevens, Introduction to Botany (Boston: D.C. Heath and
Company, 1902); Charles Edwin Bessey, Botany for High Schools and Colleges (New
York: Henry Holt and Company, 1905); Charles E. Bessey and Ernst A. Bessey,
Essentials of College Botany (New York: Henry Holt and Company, 1914); Thomas
William Woodhead, The Study of Plants: An Introduction to Botany and Plant Ecology
(Oxford: Clarendon Press, 1915); Charles E. Allen and Edward Martinius Gilbert,
Textbook of Botany (Boston: D. C. Heath and Company, 1917); Hiram D. Densmore,
General Botany for Universities and Colleges (Boston: Ginn and Company, 1920); Smith
et al., A Textbook of General Botany (1924); Mottier, A Textbook of Botany for College
Students (1932); Swingle, Plant Life (1935); and, most telling since Allen made the
assertion, Preston Adams, Jeffrey J. W. Baker, and Garland E. Allen, The Study of Botany
(Reading, Massachusetts: Addison-Wesley, 1970).
25
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often jumped right into discussions of a particular illustrative plant or the description of
protoplasm. But many authors did define morphology. When this was so, as was the case
in the layout of Strasburger, they used it to convey the structure of botanical practices
and approaches, if not those of science, more generally.26 The two most common terms
used in defining morphology, “form” and “structure,” appeared together or individually,
depending on the author, often without any direct elaboration on the points of difference
or commonality between the two terms. 27 It appears that the distinction was along the
lines of “form” concerning sensible wholes of either the plant or its parts in the sense of
Strasburger’s “External Morphology,” and “structure” concerning the constituent makeup of whole, or parts, similar to Strasburger’s “Internal Morphology.” Definitions of
morphology as “the study of form and external appearances of the plant’s body” and that
“which treats form and structure (anatomy) of plants” were suggestive of this

Joseph Young Bergen, Foundations of Botany (Boston: Ginn and Company, 1901);
Joseph Y. Bergen and Bradley M. Davis, Principles of Botany (Boston: Ginn and
Company, 1906); C. Stuart Gager, Fundamentals of Botany (Philadelphia: P. Blakiston’s
Son and Company, 1916); Ganong, A Textbook of Botany for Colleges (1917); Melville
Thurston Cook, College Botany: Structure, Physiology and Economics of Plants
(Philadelphia: J. B. Lippincott Company, 1920); Holman and Robbins, A Textbook of
General Botany for Colleges and Universities (1924); Holman and Robbins, A Textbook
of General Botany for Colleges and Universities (1927); Brown, A Textbook of General
Botany (1935); Robbins and Weier, Botany (1950); Hill, Overholts, and Popp, Botany
(1950); Weier, Stocking, and Barbour, An Introduction to Plant Biology (1974).
27 Bergen, Foundations of Botany (1901); Bergen and Davis, Principles of Botany (1906);
Marie Carmichael Stopes, Botany Or, The Modern Study of Plants (London: T. C. & E. C.
Jack, 1912); Gager, Fundamentals of Botany (1916); Ganong, A Textbook of Botany for
Colleges (1917); Cook, College Botany (1920); Holman and Robbins, A Textbook of
General Botany for Colleges and Universities (1924); Brown, A Textbook of General
Botany (1935); Robbins and Weier, Botany (1950); Hill, Overholts, and Popp, Botany
(1950). Weier, Stocking, and Barbour, An Introduction to Plant Biology, (1974).
26
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distinction.28 These definitions of morphology, as the study of forms and structures, were
not that informative as they merely identified the subject matter without addressing
anything of the methodology or goal of morphology. However, concern with form aligned
more with taxonomic goals while concern with structure aligned with physiological
ones.29
How botanists understood the relationship of morphology to other disciplinary
areas within botany, like classification and physiology, further clarifies the uses of “form”
and “structure.” Introductory botanical textbooks maintained a close connection between
taxonomy and morphology for much of the twentieth century. Some early textbooks
labeled their sections on taxonomy as “Morphology.”30 As the century went on, the two
became more clearly distinguished, though the connection of classification to the
comparative study of external parts helped maintain a connection to morphology.31 With
the growing influence of Darwinism, phylogenetic concerns became more central and
functioned as an intermediary between morphology and taxonomy. This is reflected in the
Stopes, Botany (1912); Cook, College Botany (1920).
Within morphology, Gager, Fundamentals of Botany (1916) included “external and
internal anatomy” among other areas like histology and embryology.”; Holman and
Robbins, A Textbook of General Botany for Colleges and Universities (1924 and 1927)
defined plant morphology as that “which is concerned with the structure of plants,”
dividing it into “external morphology” and histology, the latter including anatomy and
cytology; Robbins and Weier, Botany (1950) described morphology as the “study of
external form, the arrangement and relationships of the various organs (such as roots,
stems, leaves, and flowers), and their internal structure (anatomy)." Weier, Stocking, and
Barbour, An Introduction to Plant Biology (1970) explained that morphologists studied
“the diversity of plant form and the manner in which cells are arranged to give this form”
in order to know “how form develops in such a precise fashion.”
30 Atkinson, Elementary Botany (1899).
31 Ganong, A Textbook of Botany (1917) described how morphology and taxonomy were
both “studied by the same methods of observation and comparison.”
28
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"80
distinction between “artificial” and “natural” systems of classification. Here artificial
systems illustrated “superficial” distinctions like the form of a leaf or flower while
natural systems were more “actual” and situated in genetic descent.32
Unlike morphology and taxonomy, morphology and physiology exhibited a
polarized relationship in twentieth-century botanical textbooks held together by their
differing subject matter: form and function. Function was given a more significant place
in understanding the vitality of plants as living beings.33 This led to physiology taking

Campbell, A University Text-Book of Botany (1902). Early systems of classification
were artificial until the “modern ‘natural’ system” which aimed “to express as exactly as
possible the degree of relationship existing between different groups of organisms."
Campbell stated that natural classification should reflect “real genetic relationships”
while also acknowledging doing so would be nearly impossible because of lack of
complete access to extinct species; Ganong A Textbook of Botany (1917) described
classification of plants along phylogenetic lines, “the classification par excellence of
natural history”; Holman and Robbins, A Textbook of General Botany for Colleges and
Universities (1927). Natural systems were based on “any actual relationship between
different kinds of plants, in the sense of common descent." Artificial systems were based
on more “superficial characteristics” like “flower color or leaf form." Only by moving
beyond beliefs in special creations to an evolutionary worldview, were botanists able to
conceive of a natural system; For Hill, Overholts, and Popp, Botany (1950) the “natural
system” is phylogenetic and based on “the general form and structure of the body,
internal anatomical structures, many features of reproduction, cell structure, and in some
cases physiological processes.” Artificial systems include older and more popular ways as
separating plants into trees, shrubs, and herbs or into ecological groups like hydrophytes
(water), mesophytes (land), and xerophytes (dry, deserts). An additional artificial system
would be based in physiology, as with parasites and saprophytes. Both natural and
artificial systems have been useful depending on the intention of person who uses them.
Hill, Overholts, and Popp presented a newer system derived by Tippo (1942) compared
with an older system. The newer “represents an attempt to indicate natural relationships
more correctly than previously possible." For Weier, Stocking, and Barbour, An
Introduction to Plant Biology (1970) natural classification was phylogenetic and all other
methods (by habitat, number of stamens, usefulness, etc.) were artificial.
33 Bergen, Foundations of Botany (1901). Drawing a clear divide between the two,
Bergen defined morphology as “the science of form, structure, and so on, [that] deals
with the plant without much regard to its character as a living thing.”
32
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prominence of place, most often on pedagogical grounds since introducing botany
through physiology’s subject matter was more important and of more interest to
beginning students than the details of morphology.34 This signaled a generational gap
between “trained botanists” who saw the older texts with their emphasis on morphology
as “teeming with interests” and students who found them “heavy and dull.”35 Yet an
understanding of function still required some understanding of the morphological
subjects of form and structure and could even serve to pique interest in physiological
processes by, for example, describing the interactions of roots and shoots with soil and
air.36 Later in the century, the connection between morphology and physiology became
less polarized in some cases as the two united “frequently” to understand the chemical
basis of form.37
The persistence of morphological terminology in twentieth-century botany
textbooks was accompanied by the lack of a consistent and clear definition of
morphology beyond its concern with “structure” and “form.” These concerns paralleled
those of Goethe’s to understand how forms related to each other visually and through
processes like the refinement of “sap.” Textbooks in the early part of the century for the
most part looked to keep these morphological and physiological questions separate. The
relationship of morphology to taxonomy was less polarized, though some textbooks

Holman and Robbins, A Textbook of General Botany for Colleges and Universities
(1924); Smith et al., A Textbook of General Botany (1924).
35 Swingle, Plant Life (1935).
36 Holman and Robbins, A Textbook of General Botany for Colleges and Universities
(1924); Smith et al., A Textbook of General Botany (1924); Swingle, Plant Life (1935).
37 Weier, Stocking, and Barbour, An Introduction to Plant Biology, (1970).
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suggested that phylogeny was creating a wedge between the two. Debates among
botanists during the middle of the century clearly demonstrated this was so and that the
status of morphology as a result was highly contested as some argued it should more
directly serve phylogenetic ends. Rather than understanding Goethe as someone who
looked to understand the relationship between internal process and external forms, the
increased interest in phylogeny created a framework to debate the value of the “old” or
“classical” morphology associated with Goethe’s as it related to the “new” morphology
associated with evolution. More than the above analyses of databases and textbooks, this
debate illustrates that morphology was of deep concern for botanists during the twentieth
century and that, despite often being a foil for advocates of the evolutionary perspective,
Goethe was still relevant.

New Morphology: A Revolution in Plant Morphology?
New morphology first appeared as part of Julius Sachs’s new botany.38 Sachs’s
new morphology described the mid-nineteenth century focus—especially of the Jena
botanist Matthias Jakob Schleiden (1804-1881) and Munich botanist Carl Nägeli
(1817-1891)—on anatomy and cell theory combined with inductive methods to establish
general principles within morphology and move beyond the “idealistic nature
philosophy” associated with Goethe’s metamorphosis theory.39 George F. Atkinson
(1854-1918) of Cornell University, who took Sachs’s new morphology to heart, described
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Sachs, Geschichte der Botanik, 197. There it was “neuen morphologischen.”
Sachs (1906), 170-171.
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this period as creating a “broader and more natural basis” for morphology by connecting
plant forms with cellular anatomy.40 Unfortunately these theories retained “the old
idealistic theories of metamorphosis,” particularly those applying teleological
interpretations.
During his own time at the start of the twentieth century, Atkinson saw another
“new period” arising with experimental plant morphology which took advantage of
botanical gardens and the ability to control environmental conditions. Under varying
conditions botanists could trace
the modes of progress followed by members and organs in attaining morphologic
individuality, in the tracing of homologies, in the relation of members associated
by antagonistic or correlative forces, the dependence of diversity of function in
homologous members on external and internal forces, as well as the causes which
determine the character of certain paternal or maternal structures. 41
Unlike Sachs’s new morphology, which appeared among German botanists, Atkinson’s
new morphology was more broadly European and American. Atkinson’s version of New
Morphology did not gain much traction among botanists and experimental morphology
would appear again later in the century as a “new and promising field of research.”42

Geo. F. Atkinson, “Experimental Morphology,” Science 6, no. 145 (1897): 538–550.
“Experimental Morphology,” (1897): 540.
42 A. D. J. Meeuse, Fundamentals of Phytomorphology (New York: Ronald, 1966), Chap.
1 nearly seventy years later, viewed experimental morphology as “a new and promising
field of research” which he distinguished from the use of data from experimental
disciplines like physiology, genetics, and biochemistry. A possible explanation for the
neglect of Atkinson’s observations was his geographical isolation, publishing in
American, rather than British journals.
40

41 Atkinson,
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Another voice from America was Edward C. Jeffrey (1866-1952) of Harvard who
was a persistent promoter of Darwinism in the face of geneticists’ mutation theory. 43
Regarding morphology, Jeffrey pointed to the increasingly important role of paleobotany
on morphological theory in a way that supports Peter Bowler’s identification of
paleontology’s influence on the increase of evolutionary morphology at the beginning of
the century.44 Rather than promoting a new methodology like experimental morphology,
the point Jeffrey made was that fossils were providing new evidence to which the same
methods could be applied. The ubiquitous coal mining in England during the nineteenthcentury had brought up large amounts of fossils for plant morphologists to assess.45 With
all of this evidence at hand, the botanist William C. Williamson (1816-1895) who, with
his “evolutionary bias of the Englishman,” helped to unite, “on the basis of common

Vassiliki Betty Smocovitis, “Botany and the Evolutionary Synthesis: The Life and
Work of G. Ledyard Stebbins Jr.” (Cornell University, 1988), 57-70.
44 Edward C. Jeffrey, “The Relations of Paleobotany to Botany: Morphology,” The
American Naturalist 46, no. 544 (1912): 225–38; See Bowler, Peter J. Bowler, Life’s
Splendid Drama (Chicago: University of Chicago Press, 1996), 11-12.
45 Some examples of paleobotany’s relations to coal mining include W. C. Williamson,
“On the Organization of the Fossil Plants of the Coal-Measures,” Philosophical
Transactions of the Royal Society of London B: Biological Sciences 184 (1893): 1–38; E.
A. Newell Arber, “Fossil Flora of the Cumberland Coalfield,” Abstracts of the
Proceedings of the Geological Society of London, no. 765 (1902): 3–8; E. A. Newell
Aber, “Fossil Plants from the Kent Coalfield,” Quarterly Journal of the Geological
Society 65 (1909): 21–39; Margaret Benson, “Cordaites Felicis, Sp. Nov., a Cordaitean
Leaf from the Lower Coal Measures of England,” Annals of Botany os-26, no. 1 (1912):
201–7; E. A. Newell Arber, “The Fossil Plants of the Forest of Dean Coalfield,”
Proceedings of the Cotteswold Nat. F. C. 17, no. 3 (1912): 321–32.
43
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interest,” morphology, as a generator of “a priori philosophical” ideas with the
empirically oriented paleobotany.46 As a result Jeffrey explained,
Paleobotany is in the position to supply us now, for the first time, with reliable
facts regarding the organization and true systematic affinities of the ancient
vegetation of the earth, and morphology has reached a condition of maturity
where facts are infinitely more important than philosophical fancies, however
charmingly expressed.
Morphology’s maturity was completely due to the increase in evidence resulting from
discoveries in paleobotany, lending it more to an “evolutionary perspective” like
Darwinism. In Kuhnian terms, fossils provided an influx of anomalies.
Atkinson gave close attention to ferns and Jeffrey to fossils. Both of these
approaches became central features of the more successful formulation of new
morphology by Cambridge botanist Hugh Hamshaw Thomas (1885-1962).47 English
mycologist Gulielma Lister (1860-1949) described to botanist Agnes Arber (1879-1960)
how Thomas’s 1932 address at the Linnean Society of London was “packed” as he
illustrated his views with a wealth of lantern slides representing fossil forms,
which were very interesting, whether they did more than suggest a possible line
of descent from Pteridosperms or a much closer connection. He was not assertive
in any way, but seemed anxious to free the minds of botanists from the old foliar
theories.48

Though Jeffrey referred to Williamson work that covered much of his career, an
example is Williamson, “On the Organization of the Fossil Plants of the CoalMeasures” (1893). Earlier on Williamson contributed to John Lindley and William
Hutton, The Fossil Flora of Great Britain (London: Ridgway, 1831).
47 H. Hamshaw Thomas, “The Old Morphology and the New” (General Meeting, Linnean
Society of London, November 10, 1932); a condensed version appeared earlier in print as
H. Hamshaw Thomas, “The Old Morphology and the New,” Nature 131, no. 3298
(January 14, 1933): 47–49.
48 Gulielma Lister to Agnes Arber, November 11, 1932, 53 ARA 1886-1953 Box 1,
Folder 4, Al 124.
46
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Lively responses then followed which spilled over into the next meeting. Beyond this
initial reception, Thomas’s address remained a point of reference for discussions of new
morphology.49
The initial advertisement of Thomas’s address described “a great gulf” within
botanical morphology that was not only temporal, but based in geography and theoretical
perspectives.50 “Old Morphology” was Germanic and avoided phylogenetic questions. 51
Thus, Thomas’s conservative old morphology described the same idealism associated
with nineteenth-century German botany as Sachs and Atkinson. But unlike Sachs and
Atkinson, Thomas’s more progressive new morphology was practiced by British
botanists as a post-Darwinian phylogenetic formalism. Neither of the Americans, Jeffrey
nor Atkinson, marked out such strong national boundaries for the new morphology as
Thomas did. For them, both older and new approaches came out of Germany and Britain.
Jeffrey and Thomas agreed on one point though, that expanding sources of
material evidence were important factors driving change within plant morphology. While

J. McLean Thompson, “Comments on Recent Statements Regarding the Nature and
Origin of the Angiospermic Stigma,” The New Phytologist 33, no. 4 (October 12, 1934):
306–15; Helen Bancroft, “A Review of Researches Concerning Floral Morphology,”
Botanical Review 1, no. 3 (1935): 77–99; H. J. Lam, “Classification and the New
Morphology,” Acta Biotheoretica 8, no. 4 (December 1948): 107–54; H. J. Lam, “Some
Fundamental Considerations On The ‘New Morphology,’” Transactions of the Botanical
Society of Edinburgh 38, no. 1–4 (1959): 100–134; Meeuse, Fundamentals of
Phytomorphology (1966).
50 H. Hamshaw Thomas, “The Old Morphology and the New” (The Linnean Society of
London, November 10, 1932), #53.1 (addition) ARA box 3.
51 Thomas identified Mainz botanist Wilhelm Troll (1897-1978) as a representative of the
typically Germanic “old morphology,” who wanted to “retain only the comparative study
of external form” without addressing phylogenetic questions, and those who sought to
completely write off morphology as irrelevant.
49
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Jeffrey pointed to an increase in fossil evidence, Thomas pointed to attention by botanists
finally turning to non-flowering plants, which not only included fossils but living
gymnosperms, pteridophytes, bryophytes, and thallophytes as well. The conceptual
boundary of Thomas’s “great gulf” itself was between angiosperm morphology and nonangiosperm morphology. Paleobotany and the study of non-angiosperms also affected
botanists understanding of angiosperm morphology, creating potential conflicts around
how to address these anomalies. Thomas’s identification of new morphology was, to him,
the best way of going about this.
While he recognized the importance of fossil evidence, Thomas placed more
stress on an emerging phylogenetic perspective within botany as the driving force behind
new morphology. It had broadranging consequences. Thomas explained, “If morphology
is to advance we must examine the definition of all our morphological terms in the light
of phylogeny, and we shall probably require a number of new terms… which expresses
the relations of parts to each other, not only as we see them to-day but also in time.”52 For
Thomas, the phylogenic perspective was more primary than the fossil specimens
supporting it, and it was this perspective which had not yet impacted morphological
thought.
Another important figure for new morphology, who did not identify himself as
such, was the Scottish botanist Frederick Orpen Bower (1855-1948). Bower gave a major
impetus to Thomas’s understanding of new morphology with The Origin of a Land Flora
(1908), which located the origin of land plants in parallel shifts from aquatic to

52
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amphibious to land habits and from homosporous to heterosporous to angiospermic
reproduction.53 These shifts also brought about the functional differentiation between
vegetative and reproductive systems. Bower reversed the going classical conception that
leaves were more primitive by suggesting with his study of ferns that sporophylls, where
reproductive and foliar functions existed on the same structure, were in fact more
primitive.54 Bower’s generalizations, according to Thomas, could not fit into old
morphology where all organs were idealistically reduced to leaves, or even into the
additional categories of root and stem. Bower’s incorporation of angiosperms and nonangiosperms into an evolutionary perspective led Thomas to use Bowler as a
representative of new morphology.
As botanists suggested that a new morphology had emerged, it passed through
two definite stages. Sachs and Atkinson tied it to increased use of experimental methods.
Jeffrey tied it to an increase in fossil evidence, tying it closely to Darwinian evolution.
While these identifications of a new morphology did not stir much debate, Thomas’s
formulation—which was most similar to Jeffrey’s—would. Common to both versions of
new morphology was the idealistic morphology they sought to get away from. No one
epitomized this type of morphology more than Goethe.

F. O. Bower, The Origin of a Land Flora: A Theory Based upon the Facts of
Alternation (London: Macmillan and Co., 1908).
54 J. R. Matthews, “Presidential Address—Floral Morphology and Its Bearing on the
Classification of Angiosperms,” Transactions of the Botanical Society of Edinburgh 33,
no. 2 (1941): 69–82.
53
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Goethe and Classical Morphology
In distinguishing themselves from classical morphology, practitioners of new
morphology made continual references to Goethe. These references both set their own
work apart from Goethe’s while simultaneously recognizing the importance of his work.
Bower, for instance, distinguished himself from the “the pre-Darwinian idealists, of
whom Goethe was the greatest.” 55 Thomas placed Goethe among those working out of
the old, pre-evolutionary thought based in “constancy of species,” but noted that Goethe
still “recognized the validity of some of the considerations of the New Morphology.”56
What follows sketches out the variety of ways botanists employed Goethe as a figurehead
of classical morphology in their arguments. This varied presence of Goethe at the heart of
the debate around new morphology illustrated, how, beyond the more superficial layers of
introductory textbooks and routine botanical research, he was a fundamental presence
within twentieth-century Anglophone morphology.
For some, new morphology was not taking hold fast enough and Goethe’s thought
needed to be set aside. In his Presidential Address to the Botanical Society of Edinburgh,
James Robert Matthews (1889-1978) noted that, at the time of the foundation of the
society in 1836, Goethe’s metamorphosis theory was widely accepted and led to the idea
of a progression of floral organs from bract to carpel.57 Matthews found these “classical
interpretations” were still prominent in botanical literature. This goal of uncovering an
Bower’s written response to Thomas’s was included in Thomas et al., “The Old
Morphology and the New,” (1934).
56 Thomas, “The Old Morphology and the New” (1932); Ibid.
57 Matthews, “Presidential Address—Floral Morphology and Its Bearing on the
Classification of Angiosperms.”
55
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angiosperm “primary type,” however, needed to end by including gymnosperms as well
within an evolutionary framework.
In a similar vein, the Americans Atkinson and Jeffrey used Goethe’s morphology
as a point of contrast to develop their own lines of new morphology.58 Jeffrey described
Goethe’s morphology as “entirely external morphology, illuminating at the time and for
many decades later; but now for over a quarter of a century extinct, except so far as it
lives on for descriptive purposes in manuals of systematic botany.”59 Atkinson
approached Goethe in reference to the works of German botanist Alexander Braun
(1805-1877), a follower of Goethe who interpreted individual leaves idealistically as “a
wave in the march of the successive billows of a metamorphosis.”60 At the same time,
Atkinson made an implicit argument that Goethe’s morphology was still relevant by
testing the “metamorphosis theory” experimentally. Rather than researching how floral
organs were modified leaves as Goethe had formulated, Atkinson investigated how fern
leaves metamorphosed into sporophylls, i.e. leaves bearing spores. While the
“metamorphosis theory” Atkinson tested had originated with Goethe’s study of
angiosperms, Atkinson did not make explicit reference to Goethe as he had done in his
more critical statements. Here, an advocate for the new experimental morphology wrote
58 Atkinson,

“Experimental Morphology,” (1897); Jeffrey, “The Relations of Paleobotany
to Botany: Morphology,”(1912).
59 Jeffrey noted that was Hofmeister’s “replacement” had a “truly evolutionary basis”
grounded in “internal structure” of plants. This approach, while not then making strong
inroads in America, was most present in John M. Coulter’s (1851-1928) laboratory at the
University of Chicago. According to Jeffrey, “internal morphology now holds the field
and all other lines of botanical activity… must take account of its doings, if they are to
make solid and enduring progress.”
60 Atkinson, “Experimental Morphology,” (1897).
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off Goethe in name, but not necessarily in practice, which suggests that the rhetoric may
not have always matched reality.
Goethe provided a foil for Bower as he elaborated his own interpretation of the
flower.61 In his 1919 discussion of the inflorescence and flower, Bower acknowledged
that previous botanists had recognized the fundamental similarity between the “plan” of
the shoot and flower with differences being developmental as one follows the other.62
Bower pointed to the origin of this recognition in Goethe’s “theory of Metamorphosis”
with Goethe’s reasoning arising from his identification of “progressive metamorphosis”
from cotyledons through to the flower and “retrogressive metamorphosis,” which
proceeded in the other direction. The recognition that Goethe actually described both
progressive and retrogressive metamorphosis was rare among advocates for new
morphology, but Bower would not take it into consideration when formulating his own
thought.
According to Bower, Goethe’s ideas were taken up, “amplified and made more
definite” by subsequent botanists, and combined with evolutionary ideas so that “it
became a general belief that the flower had resulted from changes wrought in some preexistent vegetative shoot.” 63 For the flowering plants, Bower saw little to take issue with
here. But as knowledge of other plant forms, including ferns and club mosses, increased
over the nineteenth century, the need for a “revised theory of the origin of the flower”

Bower, Botany of the Living Plant (1919).
This section was of reduced font which indicated that it was of less importance for the
general reader.
63 Bower, Botany of the Living Plant, 241.
61
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that could rest on a “basis of fact rather than of semi-poetical surmise” arose. The
significant point was “that the propagative function must have recurred in each fully
completed life-cycle throughout descent” such that
the production of sporangia was never an innovation, and they cannot at any time
in the course of descent have been imposed upon a pre-existent vegetative
system, as Goethe’s theory would assume. The facts suggest that the whole shoot
of relatively primitive Vascular Plants was non-specialised. It served general
purposes, both for vegetation and propagation. But in the course of evolution of
higher types of differentiation took place, so that a certain region became
exclusively vegetative, while another produced sporangia. Thus a theory of
SEGREGATION takes the place of a theory of METAMORPHOSIS.64
Bower’s “theory of segregation” described the separation of the “parts of originally
general-purpose shoot” and also helped to give “a natural meaning to those structural
resemblances, which are sometimes so striking, between the foliage shoot and the flower
which it ultimately bears.”65 By replacing Goethe’s metamorphosis of organ forms with a
segregation of functions that followed a phylogenetic trajectory from simple
undifferentiated forms towards complex differentiated ones, Bower set aside Goethe’s
bidirectional metamorphosis for a unidirectional segregation. But like Atkinson, Bower
also had unexpressed similarities to Goethe in acknowledging the role of subjectivity and
imagination in scientific thinking.
For Bower, while fossil evidence lessened the speculative nature of morphology
in phylogenetic context, there were still many gaps to fill in any morphological series.
Filling those gaps, Bower described,

Ibid.
The conifers, cycads, and club mosses were all examples given by Bower of the
vegetative and reproductive being more closely allied.
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can only be done when liberal use is made of the imagination, in bridging over
the wide gaps in the series… The details of a story thus constructed depend so
largely on comparative opinion, or balancing of probabilities, and in so slight a
degree upon positive demonstration that the history as told by competent experts
in Comparative Morphology may vary in material features.66
To determine phylogenies, Bower favored speculative morphology which could be
stimulated by experiments but also be restricted by morphological series that
incorporated paleobotanical evidence. In effect, given a set of fossilized and living
specimens, there could be several different morphological series created by various
botanists, some of which exclude certain members of that set and others which brought in
additional members, or a combination thereof, based on the imagined links created to
bridge any gaps.
While filling in the gaps of a series presented the possibility for disagreement
over “material features,” there was also the question of different phylogenetic
interpretations of a series. Here, according to Bower, the imagination was not so free in
creating different possibilities and he identified three possibilities, reminiscent of
Goethe’s types of metamorphosis, based around the starting point and direction in which
a series could be read. One possibility was to read a series as “progressive” or
“ascending,” identifying the most “simple” organism as the most “primitive.”67 Another
possibility was to reverse this interpretation by identifying the most “complex” as the
most “primitive,” leading to a series of “reduction” or a “descending” series. A third
alternative, with no similarity to Goethe’s thought, was a synthesis of the first two so that
Bower, The Origin of a Land Flora: A Theory Based upon the Facts of Alternation
(1908): 12.
67 Ibid., 10.
66
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some point in the middle of the series was the most primitive and evolutionary
development proceeded bidirectionally towards increased simplicity and increased
complexity. Bower acknowledged that these three areas ignored the possibilities of
parallel or convergent evolution, which would bring doubt around whether or not such
series were representative of evolutionary descent. To guard against this he emphasized
the caution necessary for basing any conclusions on comparisons of form, pointing to his
own conclusions as an example of this. With all this in mind, Bower brought attention to
the speculative nature of his own work and hoped his readers would not take his
conclusions too dogmatically. At the same time he was expanding on Goethe’s notion of
progressive and retrogressive metamorphosis, situating it within a phylogenetic context.
Unlike Bower, Thomas followed the lines of other twentieth-century Anglophone
critics of Goethe by devaluing Goethe’s morphological work as non-scientific. While
Thomas understood Goethe as founding classical morphology, his approach when doing
so was “essentially humanistic” rather than scientific since he had begun his career with
“writing and philosophical speculation.”68 Rather than recognizing the source of Goethe’s
interest in botany arising from his role in developing the garden at Weimar, Thomas
pointed to Goethe’s interest in natural subjects coming from his reading of the Prussian
philosopher Immanuel Kant from whom he learned to seek “some principle of unity”
among the vast number of natural forms. With plants, according to Thomas, Goethe
found his unifying organ in the leaf, though he also desired a more general term due to
the possibility of describing metamorphoses as either progressive or retrogressive.
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Thomas understood the central shortcoming in Goethe's work to be in his
stopping short at progressive and retrogressive metamorphosis. Although Goethe had
asserted that petals were expanded stamens, few botanists had been able to make this into
a testable statement as the same evidence could support the opposite conclusion. Goethe’s
initial 1790 essay was an “example of clear logical thought” distinguishing between
regular, irregular, and accidental metamorphoses. But under the influence of the
“constancy of species” notions of regular—the commonly observed growth of a specific
plant—and irregular metamorphosis—the appearance of abnormal, or teratological forms
as when leaves appeared where one would expect carpels or stamens—held only
“subjective significance;” that is, they were only ideal notions of what was regular or
irregular, not based in phylogenetic realities. Reasoning based on observations of
irregular metamorphosis as a form of retrogressive metamorphosis did not carry adequate
proof for Thomas since floral organs do not always appear during normal vegetative
growth. While Goethe’s logic was clear, it did not necessarily match the evidence in
Thomas’s estimation.
Though Thomas engaged the subtleties of Goethe’s thought, most other British
botanists did not. Thomas pointed to John Lindley (1799-1865) of University College
London as the source of the one-sided image of Goethe among English botanists. Lindley
presented Goethe’s formulation of metamorphosis as strictly progressive from leaves
through bracts and ultimately to the reproductive organs of plants. But it appears that
even Thomas’s claim of Lindley’s influence may have been a rumor as Goethe only
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briefly appeared in Lindley’s botany textbook. 69 Nevertheless, echoing Bower’s
identification of progressive and retrogressive metamorphosis in Goethe’s
Metamorphosis, Thomas noted that Lindley overlooked Goethe’s clarification that
metamorphosis went in both directions, not just from leaf to foliar organs like pistil and
stamen, but from pistil and stamen to leaf, suggesting a more flexible interpretation of
forms than had come about among the English. Had botanists, Thomas believed, adjusted
their terminology as they incorporated evolutionary thought into their own thinking, the
tension he identified between the old and new morphologies would not have occurred.
Like Bower and Goethe, Thomas also addressed the role of the botanist as an
active agent in morphological thought. Thomas, however, used this as a way to gain
insight into the differences between new and old morphologists by applying the
categories of “objective” to new morphology and “subjective” to old morphology.70 He
did this by getting to the basic structure of morphological comparative practices as taking
place along subjective and objective lines, or “between the idea and the thing.” The
subjective side was “purely a psychological process” though one based only on the
“result of impressions gained by the senses” but having “no absolute validity” since they
were not based in any genetic realities but on similar characteristics. A morphology such

John Lindley, An Introduction to Botany (London: Longman, Rees, Orme, Brown,
Green, and Longman, 1832). Though in his introduction, Lindley described that
morphology was “first placed in its true light by the venerable poet Göthe,” he traced the
origin of the metamorphosis concept to Linnaeus, with Goethe being the one who “deeply
entered upon” it, leading to its adoption among German speaking botanists and some in
France, and to some extent in Britain. I could not find any further references to Goethe in
Lindley’s Introduction to Botany.
70 Thomas, “The Old Morphology and the New” (1932).
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as this, based only in visual sensations, was “scarcely worthy of further consideration”
and, as Thomas implied, not true scientific work as most scientists were concerned with
objective approaches based in genetic relationships where “the connection of the objects
does not depend on the sense of the observer.” Thomas allowed, however, that even
phylogenetic connections may be subjective. This occurred when botanists used their
imagination to come up with an unobserved form to connect to known plants. Sometimes
these imagined connections found objectivity in fossil forms. When they did not, if they
took such fossil and other evidence into account, they become more likely to exist.
Thomas had turned Goethe’s use of the imagination against him by restricting it to an
evolutionary framework linked to the visual evidence of fossils.
Thomas’s distinction between new and old morphology used the scientific values
associated with objectivity to give a more positive value to new morphology. This
became clear in the example Thomas used to describe old morphology, which was not
based in plant morphology, but rather geometry, which he possibly understood as another
form of idealism. In listing different spherical objects including the Earth, a glass globe,
and a wooden globe, Thomas identified that the only relationship between these objects
was that they were spherical. No further meaningful relationship, like an evolutionary
one, could be found. For Thomas, the core of new morphology then, despite its
etymological roots, was not form but phylogeny. And even though form had long been
dealt with scientifically through geometry and continued to be so as discussed in
Chapters 5 and 6, this approach to form did not appear to cross Thomas’s mind.

"98
Proponents of the new morphology, whether it was experimental, paleontological,
evolutionary, or some combination thereof, all argued against idealistic morphology.
Goethe often stood as the representative figure for this older morphology. Some, like
Atkinson and Jeffrey, treated Goethe in a superficial manner, readily dismissing his
relevance. Others, like Bower and Thomas, who could also be dismissive, invested more
time studying Goethe to tease out worthwhile ideas before commenting on his work. In
the subsequent discussions surrounding Thomas’s new and old morphology, Goethe
receded more to the background.

The Reception of Thomas’s New Morphology
The initial reception of Thomas’s New Morphology among those attending or
aware of his address was mixed.71 Thomas had circulated his manuscript beforehand and
so many were prepared to respond. Bower, writing in, largely concurred with Thomas’s
assessments of the new morphology and saw it as a promising change of direction,
though still in its early stages. A. B. Rendle and Edith Saunders were less agreeable, as
they were hesitant about introducing new terminology that would distinguish between
foliar and floral leaves. From her vantage point in the audience, Lister described
Saunders as someone “who did not seem quite to have grasped Dr. Thomas’s point of
view,” picking up on the fact that Thomas did not propose such a terminology be

Thomas et al., “The Old Morphology and the New,” (1934). This reception was
confined to comments immediately following Thomas’s original address that were
included with the original publication and the spilled over to the following meeting.
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developed.72 Furthermore, Saunders and Rendle differed with each other over Thomas’s
broader theoretical argument as Rendle wanted to keep morphological and phylogenic
questions separate and Saunders, like Bower, saw the two as being connected. Lister also
conveyed that Arber’s complaints were aired by Margaret Jane Benson who pointed to
Thomas’s confusing “lax way” of using the terms old and new morphology.
More representative cases of those firmly in the old morphology camp included
D. H. Scott who saw no reason to accept anything of an evolutionary perspective because
it was so speculative. W. C. Worsdell, who as Lister described it, “fired off his faith in
‘the old morphology’ with his usual amusing vigour,” disagreed with Thomas over the
primitiveness of modern sporophylls, finding in his own work that they were rather
descended from more complex forms through “excessive reduction” that had led to
“structures which simulate primitive types.”
Thomas’s response to his critics in the audience was that he was merely bringing
together the ideas of others into a coherent account of the present state of morphological
studies in the light of new evidence and evolutionary ideas. In no way did he think his
conclusions definitive or final. Summarizing the overall mood of the audience, Lister
wrote Arber: “I think most people felt the subject too vast for them to be able to speak
concisely and clearly in their criticism.” Discussions around Thomas’s address did not
end when the audience left as it continued to be a point of reference for others.
Dutch, not British, botanists ended up being the most forceful advocates for new
morphology. This undermined Thomas’s original geographical framing as these authors
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included British and continental, even Germanic, botanists as new morphology
proponents. At the 1947 Annual Meeting of the British Association for the Advancement
of Science in Dundee, Herman Johannes Lam (1892-1977), Director of the
Rijksherbarium in Leiden gave a lecture to the Botany Section on “Classification and the
New Morphology.”73 Lam described an environment of “dogmatic faith” as botanists
ventured away from angiosperms and began applying what had worked so well there to
the morphology of gymnosperms and lower plants. Lam compared this situation to that of
the Renaissance when Northern European botanists tried to reconcile their native flora
with the observations of Dioscorides as the new circumstances produced similarly
confused results as evidenced by terms like cauloid, rhizoid, and phylloid to describe
structures similar to stems, roots, and leaves. For Lam, Bower’s suggestion that fern
leaves were not homologous with angiosperm leaves marked the first step in undermining
simple correlations between angiosperms and other classes, gradually leading to separate
morphologies for angiosperms, ferns, and Conifers.74 Along these lines, the first instance
of Thomas’s version of new morphology did not fully appear until German botanist
Henry Potonié’s (1857-1913) formulation that the most primitive form of branching was
equal bifurcation which could evolve into less symmetrical branching. 75

Lam, “Classification and the New Morphology.”
F. O. Bower, “On the Comparative Morphology of the Leaf in the Vascular Cryptogams
and Gymnosperms,” Philosophical Transactions of the Royal Society of London 175
(1884): 565–615.
75 Henry Potonié, Grundlinien der Pflanzen-Morphologie im Lichte der Palaeontologie
(Jena: Fischer, 1912).
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Lam’s student, Adrianus Dirk Jacob Meeuse (1914-2010) described his mentor as
“the Nestor of our contemporary dynamic phytomorphologists, the veritable torch bearer
of the New Morphology these last thirty years,” that is, since 1936.76 Meeuse’s
descriptions of Lam’s critics was charged with the same religion-versus-science rhetoric
as his mentor, describing them as grounded in the unscientific attitude of taking on a
scientific theory as a “creed” as if it had “emanated from some authoritative and inspired
source” and any dissent was “promptly squelched with a smooth flow of well-rehearsed
oratory.”77 Meeuse further attributed the maintenance of classical morphology by some as
due to their “conservatism” and “a certain mental laziness.” Meeuse was, however,
sympathetic in overcoming these hurdles as he had his own difficulties in accepting new
morphology due to how difficult it was reeducate himself after he had been brought up
under the teachings of “the established, so-called ‘classical’ morphological doctrines.”
The main issue with classical morphology, despite it laying significant groundwork for
the discipline of morphology, was that it did not accommodate new evidence but rather
led botanists to look for hypotheticals that likely had no real existence. It had the
additional drawback of leading botanists to reject some “‘possibles’ and ‘probables’”
because they had not thought it up themselves. A further complaint, which Meeuse
echoed Lam on, was that classical morphology was “angiosperm-centred,” noting
angiosperm morphology ought to come at the end of comparative morphological analysis
and not at the beginning. Meeuse's textbook was meant as a first effort in that direction.

Meeuse, Fundamentals of Phytomorphology (1966).
Meeuse quoted Chester A. Arnold, “Classification of Gymnosperms from the
Viewpoint of Paleobotany,” Botanical Gazette 110, no. 1 (1948): 2–12.
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In reviewing Meeuse’s Fundamentals of Phytomorphology Adriance Foster
(1901-1973) identified the problem with classical morphology not only in negative terms
in that it was too restricted by being based on angiosperms, but also more positively in
that it did not consider all vascular plants. 78 Foster saw Meeuse’s work as more than a
textbook to introduce students to the new morphology since it required a more
sophisticated background than what was available to beginners. The lack of coherence
between chapters and Meeuse’s “turgid” and “argumentative” style made it further
inaccessible to students. Foster identified the central theme of Meeuse in the rejection of
interpreting stamens and carpels as sporophylls. Foster appeared to be sympathetic with
Meeuse’s project, but not with his rhetorical methods. But not only supporters of new
morphology appeared in the wake of Thomas’s address, those advocating classical
morphology spoke up as well.
Addressing a later article where Thomas sought to apply new morphology to
describe the origin of the stigma, John McLean Thompson (1887-1977) disagreed with
Thomas’s demotion of the “subjective” perspective as it implied the dismissal of direct
observations of living angiosperms.79 The “postulates” which Thomas provided
according to Thompson were disconnected with any evidence since they were “well
known or too plain to require proof.” Thomas was engaging in the same practices he

78 Adriance

S. Foster, “The New Plant Morphology,” Science 152, no. 3724 (1966): 945–

946.
79 Thompson, “Comments on Recent Statements Regarding the Nature and Origin of the
Angiospermic Stigma” addressing H. Hamshaw Thomas, “The Nature and Origin of the
Stigma. A Contribution Towards a New Morphological Interpretation of the Angiosperm
Flower,” The New Phytologist 33, no. 3 (June 20, 1934): 173–98.
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criticized in old morphology. While Thomas thought it “crudely stated” that the carpel of
Caltha is a folded leaf, Thompson saw potentially “equal crudity” in Thomas’s
description of the outer surface of the Caytonia seed as a cupule, most familiarly found as
the “hat” of an acorn. Both conclusions, Thompson pointed out, were reached simply
“because it looks like one,” that is, on subjective grounds. Thompson also thought that
Thomas had oversimplified the assumptions around floral morphology which viewed
flowers as metamorphosed vegetative buds, and that ontogenetic studies had shown
otherwise. In response, Thomas still understood Thompson as neglecting the phylogenic
considerations Thomas thought deserved a hearing.80 Furthermore, other developmental
morphologists had come to conclusions different from Thompson’s, so developmental
morphology might not be the panacea that Thompson hoped.81 In Thomas’s estimations,
these differences between the two only further stressed the need for morphologists to
make more explicit their own premises.
More neutral responses built off of Thomas’s distinction between old and new
morphology. Helen Bancroft of the Imperial Forestry Institute of the University of
Oxford used Thomas’s old and new morphology as two of three approaches used to
organize the reproductive structures of angiosperms, the other being Thompson’s
developmental morphology. 82 Rather than taking a progressivist attitude to the
H. Hamshaw Thomas, “On the Concepts of Plant Morphology with Special Reference
to Views and Comments on the Nature of the Angiospermic Stigma,” New Phytologist 34,
no. 2 (May 15, 1935): 113–21.
81 E. Eber, “Karpelba Und Plazentationverhältnisse in Der Reihe Der Helobiae,” Flora
127 (1934): 273; Olaf Hagerup, “Zur Abstammung Einiger Angiospermen Durch
Gnetales Und Coniferae,” Biologiske Meddelelser 11 (1934).
82 Bancroft, “A Review of Researches Concerning Floral Morphology.”
80
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development of morphological approaches among botanists, Bancroft took a
dehistoricized view where old, new, and developmental morphology were equally valid
approaches. A similar attitude came from Arber, the subject of Chapter 4, who
distinguished between “pure” and “applied” morphology.83 The latter was similar to new
morphology, the former to old morphology.
American botanist Arthur J. Eames (1881-1969) framed his constructive criticism
of new morphology by locating it among a broader “worship of the ‘New,’” including the
New Deal in politics and the New Look in fashion and the New Systematics in biology.84
Calling something new merely gave a popular impression that something had advanced
even if it “may be quite the reverse.” New systematics had earned its title by
incorporating other fields. In contrast, new morphology still needed to account for
evidence, not only for other fields, but from the old morphology. Eames identified the
chief “sin” of the old morphology as applying the conclusions of higher plants, like
angiosperms, to lower plants, like gymnosperms, a point emphasized by Lam. But it was
not new morphology that made such approaches obsolete, but rather the creation of novel
taxonomic groups by Jeffrey in 1903, specifically Lycopsida and Pteropsida.85 Eames
argued that Gymnospermae should also be made into new groups, not because it blurred
into Angiospermae, but because it was a “highly unnatural” group. The tendency to want
83 Agnes Arber,

The Natural Philosophy of Plant Form (Cambridge: Cambridge
University Press, 1950).
84 Arthur J. Eames, “Again: ‘The New Morphology,’” The New Phytologist 50, no. 1
(1951): 17–35. Eames’s postion was later echoed by E. J. H. Corner, “Debunking the
New Morphology,” The New Phytologist 65, no. 3 (1966): 398–404.
85 Edward C. Jeffrey, The Comparative Anatomy and Phylogeny of the Coniferales, 2
vols. (Boston: Boston Society of Natural History, 1905).
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to see arguments like the former as more valid than the latter, demonstrated that the “sin”
of the old morphology continued in the new morphology, but in reversed form by
interpreting higher plants in terms of lower plants.
So the question then arises: How new was new morphology? Or, at least, what
was new about it? Thomas saw the central shortcoming of old morphology due to it not
having a phylogenetic basis. Lam admitted that classical morphology had worked well,
except not when applied to outside the realm of angiosperms, which implies the main
difference was in matching theory with content. Similarly, Meeuse understood classical
morphology as not taking into account the new evidence of gymnosperms, pteridophytes,
etc. For Eames, all this did not mean that a new morphology was needed, but rather
illustrated changes in taxonomy. The various perspectives brought forward in this debate
revealed aspects of morphology that were not so apparent in textbook presentations and
definitions and thus provide the opportunity to establish a more refined definition of
morphology.

Defining Morphology in the Light of the Debate over Classical and New
Morphology
The divide between classical and new morphology reveals a more fundamental
definition of morphology, beyond a mere concern with form and structure, that deals with
how to interpret those forms. Looking back on these debates, a clearer definition of
morphology as the interpretation of form emerges. Allen identified the failure to
formulate an adequate definition of morphology by biologists who found little need to
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define such an obvious term.86 Historians carried this omission in their own writings, a
shortcoming Allen looked to remedy by defining morphology as “the study of form.”
Later he thought he had defined it “too narrowly” since his “definition failed to convey
the important point that the morphological tradition varied a great deal throughout the
nineteenth century.” 87 Allen identified the confusion in the existence of two
morphological traditions of the nineteenth century: idealistic and functional morphology.
However, here Allen conflated the definition of morphology with its historical usage.
The definition I am proposing, rather than following Allen and viewing “the study
of form” as too narrow, views it as too broad, specifically in the term “study.” A more
precise definition emerges by uncovering what is common among idealistic, functional,
evolutionary, experimental, classical, new, and other types of morphology. All are
concerned with form. Their differences lay in how they interpreted forms. Idealists
interpret specific forms in terms of increasingly inclusive concepts or types. In its
evolutionary iteration, these ideal types become substantiated by turning into common
ancestral forms. Functionalists interpret forms in terms of physiological structures related
to the interior aspects of the organism as discussed above. All types of morphology seek
out general concepts to explain a broad range of forms. All seek out ways to reduce the
overwhelming number of organic forms to concepts that can be more simply grasped. All
interpret forms from their own perspective. An understanding of morphology as the
interpretation of form allows for Goethe’s influence to reach beyond merely representing

Allen, “Morphology and Twentieth-Century Biology: A Response.”
original definition appeared in Life Science in the Twentieth Century, his
revision came in “Morphology and Twentieth-Century Biology.”
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the ideology of classical morphology towards being an initiator of interpreting plant
forms more generally, and thus explains the unacknowledged presence of his ideas
among new morphologists.
By now returning to botany textbooks with the definition of morphology as the
interpretation of form in hand, the successes of new morphology alongside the
persistence of classical ideas, including those of Goethe, becomes more understandable.
This is so in regards to simple and complex plant forms. I will begin by examining the
presence of new and classical morphology in the presentation of simple forms.

Differentiating the Undifferentiated: The New and Classical Morphology of Simple
Plant Forms in Textbooks
Despite their differences, new and classical morphology had a common
interpretative ground as seen through the terms metamorphosis and modification. As
representative of classical morphology, Goethe’s metamorphosis of plants described a
general principle for all plant bodies, the metamorphosis of one organ into another of the
same body, a process which was then generalizable to all plant bodies. The more common
twentieth-century term was modification. Like metamorphosis, modification took place
between the different organs of an individual plant. The difference between
metamorphosis and modification came with the broader phylogenetic context, which
modification was situated within, so that in addition to occurring within the bounds of an
individual plant body, modification also related organs of one plant body to those of
another through a genetic relationship. In practice, these basic gestures of metamorphosis
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and modification extended beyond the bounds of organ-to-organ relationships into
functionalist and reductionist interpretations of plant organs. Functionalist interpretations
explored modifications across the categories of form and function rather than strictly
within the category of form. As an intermediary type of modification, reduction described
organs in terms of cellular and histological activities associated with functions like
photosynthesis and transpiration. This broad casting of modification as including
functionalist and reductionist interpretations in addition to the recognized ontogenetic and
phylogenetic modifications recalls my definition of morphology as the interpretation of
forms. Recalling Thomas’s distinction between subjective and objective aspects of
morphology, interpretation and modification are two sides of the same phenomena where
interpretation is the subjective aspect and modification the objective aspect. Interpretation
is an ideal process happening within the morphologists and modification happens
external to the morphologists in the object of the plant body or among plant bodies.
An area of discourse within twentieth century botanical textbooks that illustrated
the tension between classical and new morphology was around the distinction of “higher”
and “lower,” which botanists also distinguished as “complex” and “simple.” Within the
phylogenetic contexts of new morphology, the term “higher” described those plants most
recently evolved, particularly the angiosperms, while “lower” described plant forms that
were assumed to be more primitive like pteridophytes, bryophytes, and thallophytes. 88
Due to the common assumption that higher plants evolved from lower plants, classical
For simplicity’s sake, I will take these (and spermatophytes) as the basic taxonomic
divisions most common over the course of the twentieth century as there is no space here
to discuss the many debates around botanical classification of the period.
88

"109
interpretations based in angiosperm morphology were unsuitable for describing accurate
phylogenies; that is, new morphologists sought to model their interpretations of plant
forms on a progressive evolution which moved from lower to higher.89 This distinction
was never that clear cut in introductory botanical textbooks.
How textbook authors introduced the form-concept of the thallus provides an
illustration of how botanists understood simple forms in terms of complex ones, a gesture
similar to classical morphology’s tendency to understand complex forms in terms of
simple ones. Though botanists always understood the thallus as the “simplest” or
“lowest” type of plant body, it was also nearly always defined in terms of the absence of
particular higher plant body forms, such as leaf, root, and stem.90 What thallus signified
was a connection to a classical understanding of plants based for the most part on
angiosperms organs of stem, leaf, and root, concepts that not only became tied to distinct
89 Atkins,

Elementary Botany, 1899, p. v. described that “it is only through a study of the
lower plants that we are able to properly interpret the floral structures, and the sexual
organs of the spermatophytes, and to rid ourselves of the erroneous conceptions which
the prevalent method of elementary instruction has fixed so firmly in on the lay mind.”
90 In Bower, Botany of the Living Plant (1919), the main characteristic of thallophytes
was “the absence of that differentiation of the shoot into axis and leaf which is
characteristic of higher forms.” Alga and Fungi were the primary groups here. For
Brown, A Textbook of General Botany (1925), the thallophytes were defined
tautologically and negatively, as “plants with thallus bodies, that is, not differentiated into
stems, roots, and leaves." Smith et al. A Textbook of General Botany (1928) Defined
thallus as “a plant body without stem and leaves, whether composed of one cell or many.”
Robbins and Weier, Botany: An Introduction to Plant Science (1950): Thallus plants have
“a very simple plant body lacking true roots, stems, and leaves.” Robbins and Weier,
Botany: An Introduction to Plant Science (1957). There thallus was defined as “a very
simple plant body lacking true roots, stems, and leaves” and included bacteria, algae,
slime molds, and fungi. The first structure Hill, Overholts, and Popp, Botany: A Textbook
for Colleges (1960) introduce is the thallus. It is a “plant body” that has “no roots, stems,
or leaves.” Weier, Stocking, and Barbour, An Introduction to Plant Biology (1970) They
defined a thallus as a plant that “lacks roots, stems, and leaves.”
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morphological features, but also important functions. By defining thallus negatively, as
an absence of forms, botanists were able to remove the primacy of form while
maintaining the functions associated with those forms. As a reading of the functions
identified with particular forms of higher plants into an undifferentiated lower form, the
thallus could be understood then as a physical bodily form containing formless functions
along the lines of Gilles Deleuze and Félix Guattari’s body without organs.91 Though they
did not recognize it, with the thallus, botanists were undermining the strong connections
biologists had sought to forge between form and function.92 Additionally, this reading of
differentiated complex forms into an undifferentiated simple form imbued the formconcept of thallus with the potential, in its functions, to evolve complex plant bodies, thus
circularly reinforcing higher-from-lower phylogenies.
Gilles Deleuze and Félix Guattari, Anti-Oedipus: Capitalism and Schizophrenia, trans.
Robert Hurley, Mark Seem, and Helen R. Lane, Thirteenth (Minneapolis: University of
Minnesota Press, 2008).
92 Manfred D. Laubichler, “Form and Function in Evo Devo: Historical and Conceptual
Reflections,” in Form and Function in Developmental Evolution, ed. Manfred D.
Laubichler and Jane Maienschein (Cambridge: Cambridge University Press, 2009), 10–
46 gives an overview of biologists writing histories who took this approach as a useful
dialectic to “capture what [E. S.] Russell called ‘typical attitudes’ and their connected
theoretical positions, supporting empirical evidence and the historical dynamics of
scientific change.” Laubichler noted that Form and Function in Developmental Evolution
followed a similar line; Holman and Robbins, A Textbook of General Botany for Colleges
and Universities (1924) outlined reasons in their preface for downplaying form in favor
of function; Gilbert M. Smith, A Textbook of General Botany (1924) made a case for the
importance of the relationship of the two by noting “it is always true that, in a general
way, a plant is so constructed as to be able to perform its functions successfully; and so
one cannot really understand the structure of a plant without knowing a good deal about
its functions, nor can one comprehend how the plant’s functions are carried on without an
understanding of its structure”; Hill, Overholts, and Popp, Botany: A Textbook for
Colleges (1950) noted that phylogenetic conclusions could only be reached if they were
based on “the general form and structure of the body, internal anatomical structures,
many features of reproduction, cell structure, and in some cases physiological processes.”
91
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Discussions of the bryophytes also marked a link between classical and new
morphology as the group spanned the dividing line of simple and complex organisms.
Botanists described liverworts as simple thalli and mosses as complex differentiated
bodies. Simple bryophytes provided instances of apparent differentiation and increased
complexity. Introductory botanical textbook authors described certain forms they found
as, among others, leaf-like, leafy, fruit capsules, rootlets, and stem-like.93 We can
understand these as pseudo-forms similar to fully differentiated organ forms found in
more complex plants. These pseudo-forms differed from their structurally complex
cousins by having less internal differentiation in their anatomy. 94 These simple analogies
In his descriptions of bryophytes, Bower, Botany of the Living Plant (1919) combined
the simple and complex, being either “leafy” or “thalloid.” But other concepts of complex
forms, besides leaves were employed in introductory textbooks when discussing the part
structures of bryophytes, Atkinson, Elementary Botany (1899 Chap. 22-23) included
“fruit capsule” and “rootlets.” For Holman and Robbins, A Textbook of General Botany
for Colleges and Universities (1924), the thallophytes included some instances where
“there are structures which resemble superficially roots, stems, and leaves” and partially
carry out the same functions. Smith, A Textbook of General Botany (1928) described one
group of lichens, understood to be thallophytes, foliose, as having “leaf-like thalli.” Later
authors like Brown, A Textbook of General Botany (1925) and Robbins, Weier, and
Stocking, Botany: An Introduction to Plant Science (1957) would try to further distance
themselves from blatant borrowing of terms by employing terms like rhizoid.
94 For Bower, Botany of the Living Plant (1919), Brown, A Textbook of General Botany
(1925), and Robbins, Weier, and Stocking, Botany: An Introduction to Plant Science
(1957) liverworts were “thalloid” and mosses “leafy,” the latter even being “differentiated
into a central axis or stem, and small, spirally arranged leaves.” The amount of structural
differentiation within the leafy forms was a distinguishing feature since, in Brown, A
Textbook of General Botany (1925) “the leaves of most mosses have a midrib, but such a
structure is not found in any of the liverworts.” The “leaves” of liverworts were thus
undifferentiated. Transeau, Sampson, and Tiffany, Textbook of Botany (1940); Robbins,
Weier, and Stocking, Botany: An Introduction to Plant Science (1957); Hill, Overholts,
and Popp, Botany: A Textbook for Colleges (1960), The lack of differentiation in
liverworts was further emphasized while formal similarities persisted as “stem-like” and
“leaf-like” forms were not truly stems and leaves because of the their lack of a vascular
structure, that is, due to their internal morphology or anatomy.
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between complex organ forms and simple pseudo-forms began to give way as botanists
probed deeper into the anatomical structures of thallophytes and bryophytes. In order to
maintain homologies between simple and complex forms, some botanists resorted to
basing those homologies on function rather than on form. 95 In the face of the nuances
between structure and function botanists’ concepts began to fail them and some began
turning towards interpretations closer to those of classical morphology, apparent in one
description of some alga and bryophytes as a “differentiated thallus,” a plainly circular
definition.96
These discussions of the thallus and other simple forms in relation to the highly
differentiated forms of complex plants revealed that the term “organ” often had a double
connotation. It denoted both a visible form and a physiological function as apparent in
definitions like “An organ is a part or member of the plant with a particular kind of work
to do.”97 As organs, roots, stems, and leaves all carried double meanings that referred
both to a type of form and a type of function. With the thallus, when a plant body was no
longer differentiated into different organs, or, in the most extreme case, reduced to a
single cell, some of the functions identified as belonging to those organs still occurred,
like photosynthesis and reproduction. Others, like absorption and conduction, might not

Robbins, Weier, and Stocking, Botany: An Introduction to Plant Science (1957), Chap.
18 shifted to function-centered homologies between thalloid forms and complex forms by
comparing the reproductive process of algae to the flower. Here the homology was the
process of meiosis and fertilization, and not a structural form.
96 Hill, Overholts, and Popp, Botany: A Textbook for Colleges (1960).
97 Holman and Robbins, A Textbook of General Botany for Colleges and Universities
(1924), 17.
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occur, as they required vascular structures. While pseudo-forms shared some functions
and some forms of organs, they were not described as organs.
Pseudo-forms denoted simpler forms that shared the same functions as the organ
forms found among higher plants. However pseudo-forms did not demonstrate the
specialized range of functions embodied in differentiated organ forms. Among
bryophytes, form and function gained distinction with the presence of sex organs in
liverworts that were clearly distinct from the vegetative aspect.98 “Stem-like” forms were
still supportive of the leaves, but also carried out photosynthesis.99 The use of the process
of photosynthesis to link apparently different forms also appeared in interpretations
applied strictly to complex plants. A common example of this was among cacti and
Colletia which both had modified stems which became “leaf-like” and carried out
photosynthesis.100 Thus, interpretations of the thallus and, what I have called, pseudoforms shared a formal similarity to the interpretation of more blatant modifications found
in complex plants where new and classical morphology also lived side by side.

Flexible Leaves: New and Classical Morphology of Complex Plant Forms in
Textbooks
When botanists discussed complex plant bodies, they used different formconcepts to organize both plant bodies and plant phylogenies by means of modification.

98 Atkinson,

Elementary Botany.
J. Ben Hill et al., Botany: A Textbook for Colleges (New York: McGraw-Hill Book
Company, 1960).
100 Campbell, A University Text-Book of Botany (1902); Holman and Robbins, A Textbook
of General Botany for Colleges and Universities (1924).
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Accounts of the leaf showed some of the most basic types of modification. In their
definitions, botanists broke down the leaf structurally into two major parts of blade and
petiole with other parts like stipules, nodes or other pieces added by some.101 For Bower,
distinguishing the common conception of a leaf and “the leaf in a scientific sense” was
important.102 The common conception understood leaves as having variable features like
flatness and autumnal detachment from the rest of the plant body, such that a more
precise definition was needed. His scientific definition included two “constant” features
that defined leaves ontogenetically and structurally. The first was that they were
“outgrowths from the apical cone” emerging from “the superficial and underlying
tissues.” The second followed the first such that the growth of leaves did “not repeat the
characters of the shoot itself.” Largely a feature of classical morphology, the basic parts
and the basics of growth helped to ground the potential modifications leaves might
undergo.
In establishing a baseline of what leaves were, authors of introductory botanical
textbooks could also directly compare different leaf forms, most often through their
venation, to establish an inherent flexibility of form, a characteristic of classical
morphology, and used to show susceptibility to evolutionary forces, a characteristic of

Holman and Robbins, A Textbook of General Botany for Colleges and Universities
(1924) included stem, node, and an axil before describing the external morphology, leaf
venation, anatomy, and the different forms of leaves; Smith et al., A Textbook of General
Botany (1928) described the leaf as blade, petiole, and stipule; Mottier, A Textbook of
Botany for College Students (1932) described the basic structures of lamina, petiole, etc.
before turning to venation and the different leaf forms; Weier, Stocking, and Barbour, An
Introduction to Plant Biology (1970) merely distinguished between blade and petiole.
102 Bower, Botany of the Living Plant (1919).
101
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new morphology.103 The concept of modification became central when questions around
the differences between leaves arose. While the conceptual boundaries were sometimes
blurred, modification identified a way in which plants contained flexible forms making
them susceptible to environmental and physiological forces that propelled evolutionary
development.104 One type of leaf modification was into leaves which had special
functions. These included bud scales, tendrils, spines, forms for food and water storage,
and for capturing insects.105 These were forms which “do not perform the functions of
typical leaves but which are nevertheless morphologically leaves.”106 These
modifications give some hint that the form-concept of leaf had flexibility within itself.
This flexibility also existed within other form-concepts as well, such as stems and

Holman and Robbins, A Textbook of General Botany for Colleges and Universities
(1924); Smith et al., A Textbook of General Botany (1928); Mottier, A Textbook of Botany
for College Students (1932); Robbins and Weier, Botany: An Introduction to Plant
Science (1950); Weier, Stocking, and Barbour, An Introduction to Plant Biology (1970).
104 Ganong, A Textbook of Botany for Colleges (1917) equated modifications with as
“mutations” caused by environmental and physiological influences; Bower, Botany of the
Living Plant (1919) focused more on environmental influences; Holman and Robbins, A
Textbook of General Botany for Colleges and Universities (1924) assumed an
evolutionary development but allowed for analogous structures that were
morphologically similar, but not phylogenetically relevant.
105 Holman and Robbins, A Textbook of General Botany for Colleges and Universities
(1924); Mottier, A Textbook of Botany for College Students (1932); Brown, The Plant
Kingdom: A Textbook of General Botany (1935); Robbins and Weier, Botany: An
Introduction to Plant Science (1950); Weier, Stocking, and Barbour, An Introduction to
Plant Biology (1970).
106 Holman and Robbins, A Textbook of General Botany for Colleges and Universities
(1924).
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roots.107 Recalling the above discussion of the thallus, this flexibility extended beyond the
form-concept itself as botanists sought out greater and greater generalizations through
interpretation.
In addition to organic flexibility, botanists, in the spirit of classical morphology,
also sought broader applicability of concepts through generalizability. These two are not
mutually exclusive as the more flexible a form-concept, such as leaf, became, the more
general its application could be. In other cases, other concepts emerged that were geared
towards generalizability and thus have an inherent flexibility without being tied to
specific organs. For instance, among botanists who often identified and described the
individual organs of leaf, stem, root, and others in their introductory textbooks, were
efforts to synthesize those form-concepts. A common first step in this was to synthesize
the form-concepts of leaf and stem into that of the shoot, and thus identify the basic
division of the plant as that of root and shoot.108 The concept of a shoot, in particular,
demonstrates a higher level of complexity than that contained by its constituents of leaf
and stem. It also sets aside any issues of making a clear distinction between leaf and
stem, embracing the flexibility of both form-concepts. By increasing the generalizability
Like leaves, stems and roots displayed varying forms. Smith et al., A Textbook of
General Botany (1928) included tendrils, “underground stems” (like Solomon’s Seal),
“short stems” that were partially underground (like carrots), and bulbs; Robbins and
Weier, Botany: An Introduction to Plant Science (1950) described “unusual types of
stems” as tubers, rhizomes, bulbs, corms, and runners.
108 Campbell, A University Text-Book of Botany (1902), Bower, Botany of the Living
Plant (1919), Holman and Robbins, A Textbook of General Botany for Colleges and
Universities (1924), Mottier, A Textbook of Botany for College Students (1932), Robbins
and Weier, Botany: An Introduction to Plant Science (1950), Robbins, Weier, and
Stocking, Botany: An Introduction to Plant Science (1957), Adams, Baker, and Allen, The
Study of Botany (1970) all divided the flowering plant body into “root and shoot.”
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of their concepts, botanists could link flowering plants to more primitive forms like the
thallus which could be understood as a further synthesis of root and shoot. Thus the
generalizing methods of classical morphology assisted botanists in developing new
morphology.

The Strobilus and Sporophyll: New and Classical Morphology of Complex Plant
Forms in Textbooks
Floral morphology was perhaps the richest topic in introductory botanical
textbooks for the overlap of interpretations coming out of classical and new morphology.
Many textbooks described the whole flower as a modified vegetative shoot, an
interpretation similar with Goethe’s formulation of the floral organs as metamorphosed
leaves, leaving it as a heritage of classical morphology. With the introduction of other
form-concepts, like strobilus—for cone-like forms—and sporophyll, phylogenetic
perspectives of new morphology were also brought to bear on interpretations of the
flower. However, the interpretations of new morphology were identical to those of
classical morphology so that a whole flower was interpreted as a modified x and floral
organs were interpreted as a modified y, where x = vegetative shoot or strobilus and y =
leaf or sporophyll. More telling of this algebraic relationship was the similarity of the
forms of the arguments for carpels as a modified y. In this case, carpels were a folded y
with fused edges.
Describing the flower as a modified vegetative shoot was common in twentieth
century introductory botanical textbooks. Variations on this included comparing it with a

"118
“vegetative bud” or a “modified stem.”109 Looked at in more detail, this meant that
organs making up a flower were “modified leaves,” which included the vaguely described
“special leaves forming parts of the flowers.” 110 While interpretations involving the leaf
were most common, others such as interpreting the filament of the stamen as “stem-like”
also occurred.111 Bower took this parallel relationship of the stem and leaves, or the
shoot, to that of the floral parts to the receptacle further by noting it in their arrangements
as either spiral or whorled.112 These types of interpretations fit within the framework of
classical morphology.
An alternative form-concept, the strobilus fell into the aims of new morphology.
Yet, the strobilus was employed to interpret the whole flower in a way similar to how the
vegetative shoot had been used so that the form of the interpretation was reminiscent of
classical morphology. The significant difference was the phylogenetic context of the
modified strobilus theory. The strobilus was defined in a variety of ways by textbook
authors. For some, the strobilus was a “fruit,” as it bore seeds. 113 But more commonly, it
compared to a flower as the “the terminal portion of a branch or stem.” 114 Both strobilus
and flower had an axis with spirally arranged organs, thus “many botanists, but not all,

Holman and Robbins, A Textbook of General Botany for Colleges and Universities
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110 Robbins, Weier, and Stocking, Botany: An Introduction to Plant Science (1957).
111 Hill, Overholts, and Popp, Botany: A Textbook for Colleges (1960).
112 Bower, Botany of the Living Plant (1919).
113 Mottier, A Textbook of Botany for College Students (1932).
114 Smith et al., A Textbook of General Botany (1928).
109

"119
interpret the flower as a highly specialized strobilus.” 115 Adding a phylogenetic context to
this relationship followed the sequence “strobilus, cone, and flower” with the strobilus as
the “most primitive” and most “leafy.”116 The full series could then be understood as
vegetative shoot, strobilus, cone, and flower. This series, however, does not capture the
full phylogenetic details. For that botanists described how the strobilus was made up of
modified sporophylls.
Modified sporophylls had taken the place of modified leaves. Under the general
picture of flower as a modified shoot, it followed that botanists identified specific floral
organs as modified leaves. Sepals, bracts, and petals were most often described in this
way as they were sterile.117 Their location on the stem and similarities in anatomy
suggested that these floral structures were modified leaves.118 Just like foliar leaves, floral
leaves had primoridia that appear as “lateral outgrowths” and both also possessed the
anatomical features of an epidermis, cortical tissue, vascular tissue, and vascular traces.

Swingle, Plant Life: A Textbook of Botany (1935). In this context, the flowers of
Ranunculaceae and Magnoliaceae which resembled cones, illustrated gymnosperm-like
features among angiosperms.
116 Hill, Overholts, and Popp, Botany: A Textbook for Colleges (1950).
117 Atkinson, Elementary Botany (1899) sepals and petals “belong to the leaf series”;
Campbell, A University Text-Book of Botany (1902) sepals and petals, were “more or less
modified leaves.”; With Bower, Botany of the Living Plant (1919) sepals were “leaf-like,”
bracts were “reduced leaves,” and sepals and petals were “constructed on a similar plan”
to that of leaves; Brown, A Textbook of General Botany (1925) described the petals and
sepals as “two sets of modified leaves”; Hill, Overholts, and Popp., Botany: A Textbook
for Colleges (1950) the sepals and petals were both described as “leaf-like.”
118 Robbins, Weier, and Stocking, Botany: An Introduction to Plant Science (1950), p. 195
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As the interpretations of new morphology became more prominent in textbooks, floral
organs as modified sporophylls replaced floral organs as modified leaves119
Sporophyll was another form-concept that helped link classical and new
morphology. In terms of new morphology, how textbook authors used the strobilus, a
form found among gymnosperms, to understand floral organs as foliar organs was by
describing its parts through the even more primitive form-concept of the sporophyll, a
form found in pteridophytes. Sporophyll, like thallus and shoot, was a generalizing
concept as it united reproductive and vegetative functions into one form. The presence of
sporophylls was restricted to pteridophytes, as botanists did not identify them among
thallophytes, bryophytes, or spermatophytes. A typical representative was the sporangia
bearing fern leaf. The reproductive aspect arose from the presence of sporangia (sporo-)
where spore formation occurs. The vegetative aspect came from the leaf (-phyll).
Sporophyll was thus another synthesizing form-concept.
As a more general form, sporophylls were understood as evolutionary antecedents
to both leaves proper and floral organs. Occasionally, justifications of classical
morphology interpretations emerged in the midst of discussions of sporophylls. For
instance, though stamens did not “resemble” leaves, since they were evolutionarily
related to sporophylls, it was “now quite clear that the stamens belong also to the leaf

In later editions (Robbins, Weier, and Stocking, Botany: An Introduction to Plant
Science (1957 and 1964)) the section referred to above was rewritten and expanded. Of
relevance here was the dropping of strictly foliar terminology to approach something
more inline with new morphology. Thus, since they had reproductive functions, stamens
and carpels were no longer modified leaves, rather “the stamens are microsporophylls,
the carpels megasporophylls.”
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series” because both leaves and stamens derived from sporophylls.120 In the case of leaf
development, leaves simply evolved as sterile sporophylls. Within the flower, it could be
more complicated. Ultimately, the filament corresponded to the petiole and the anther to
the reduced leaf blade which bore pollen sacs.121 Sometimes this evolution included the
strobilus as a gymnosperm bridge between pteridophyte sporophylls and angiosperm
floral organs.122 Both had elongated axes and spirally arranged parts, so that botanists
could easily imagine that the lower scales of the strobilus were modified sepals and petals
while the upper scales were modified stamens and carpels. By midcentury, botanists
further refined these connections as stamens became homologous with microsporophylls
and carpels with megasporophylls. 123 The most significant expression of the influence of
the sporophyll form-concept was in discussions of the carpel.
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Carpels: New and Classical Morphology of Complex Plant Forms in Textbooks
A number of introductory botanical textbooks in the twentieth century devoted
significant space to the question “What is a carpel?” 124 In these cases, interpretations
based in classical morphology and new morphology were algebraically similar in form as
discussed above. Both interpretations described carpels as folded forms with fused edges
establishing interior and exterior spaces. What distinguished the interpretations were the
terms used. Under a classical lens, carpels were folded, or modified, leaves.
Interpretations inline with new morphology described them as folded, or modified,
sporophylls. The significant difference between the two was the sterility of the former
and the fertility of the latter.
It is difficult to pick out a clear point during the century when one interpretation
emerged as that favored by botanists. Turn of the century textbooks’ descriptions of
carpels shifted back and forth between the leaf and sporophyll as if the two were
equivalent. For instance, carpels were “three leaf-like members which have fused
together, each member being the equivalent of a sporophyll” and this was the “only
suggestion which it gives of belonging to the leaf series.”125 That carpels were arranged
within the pistil in whorls, paralleling foliar arrangements, further reinforced their

124 Atkinson,
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relationship. Botanists also distinguished between the two such that carpels were included
with stamens as modified sporophylls alongside “other more or less modified leaves, the
Sepals and Petals, which, with the sporophylls, make up the Flower.”126 It is important to
note that although these texts drew on terminology that would have been suitable to new
morphology, they did not strongly emphasize evolutionary interpretations.
As the century went on, introductory textbook authors still described carpels (and
stamens) as “modified sporophylls” and other foliar organs as “modified leaves,” but
began adding a broader phylogenetic context. 127 Yet by midcentury, there were still some
botanists who continued to interpret carpels as modified leaves. One definition was that
“each pistil is in reality a single ovule-bearing floral leaf, called a carpel.”128 These
interpretations brought in ontogenetic language of development, so that rather the earlier
explanations of the edges fusing together, the edges would “grow together.”129 These
ontogenetic explanations focused on more of the details of the early stages of
development of floral organs which were “essentially the same” as foliar organs.130 A
phylogenetic context could still be found wanting in some of these texts, but the authors
might add those in subsequent editions.131
Important to both the phylogenetic reasoning of new morphology and the
reasoning of classical morphology was how the form of sporophylls or leaves related to
those of carpels. When authors used leaves, they would describe how “each leaf is folded
Campbell, A University Text-Book of Botany (1902).
Brown, A Textbook of General Botany (1925).
128 Robbins and Weier, An Introduction to Plant Science (1950).
129 Ibid.
130 Hill, Overholts and Popp, Botany: A Textbook for Colleges (1960).
131 Robbins and Weier, An Introduction to Plant Science (1957).
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so as to envelop the ovules borne on its margin, while the midrib is turned outwards from
the centre of the flower” as the vascular structure became “simplified” in comparison to
leaves.132 In cases like this, the sterility of leaves was not an issue. When authors
interpreted carpels as modified sporophylls, their fertility became central especially
because primitive ferns bore spores on their leaf margins.133 A typical account described
that
When there is only one megasporophyll the edges are joined to form an ovary
with a single cavity, while the tip of the sporophyll is modified as a stigma for the
reception of the microspores. Frequently two or more megasporophylls are united
to form a compound ovary which may have either one or more cavities. In this
case the tips may form separate stigmas or only a single stigma.134
While the form of their presentation was similar to those of classical morphology, the
terminology suggested the influence of new morphology.
Sometimes textbooks reflected a shift from classical and new morphology by
removing mixed arguments for new morphology that included terminology from classical
morphology. A 1927 textbook, for example, noted, carpels were more “leaf-like” in the
extinct progenitors of angiosperms as they “bore the rudimentary seeds or ovules
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attached to their margins.”135 Over the course of evolution, these margins fused “so that
the ovules came to be born within a chamber” and “the apex of the carpel or of several
united carpels was elongated to form the style and stigma.” The authors removed this
paragraph from later editions beginning in 1938.136 This shift in perspective was also
apparent in later textbooks as well as they revised their first editions. Robbins and Weier's
1950 discussion of the pistil strongly confirmed it was a modified leaf but later in their
1957 and 1964 discussion they presented this interpretation as more of a question.
Some late century textbooks demonstrated tentativeness in how they presented the
correspondence between foliar organs and the carpel. But even in textbooks which
downplayed morphology in favor of anatomy and physiology, discussion of a “model
plant” appeared and included an interpretation of floral parts as foliar.137 The
interpretation, rather than being strongly confirmed or questioned, became historicized
noting a shift from interpretations along the lines of classical morphology towards those
closer to new morphology.138 In a possible reference to Goethe, they described that
“during the eighteenth century, it was hypothesized that the carpel (as well as the other
parts of the flower) is an appendage of the flower axis in the same sense as are the typical
vegetative leaves.” After Darwin, though
it was hypothesized that… flower parts as well as vegetative leaves, had
undergone parallel evolutionary development from a common, ancestral, leaflike

Holman and Robbins, A Textbook of General Botany for Colleges and Universities
(1927), p. 242.
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appendage. This leaf-like appendage which has undergone evolutionary folding
and fusing of the margins, forming the typical carpel with its differentiation into
stigma, style, and ovary. 139
Suggestive hypotheses explaining the adaptive value of carpels evolving out of leaves
were “highly tentative” and needed “far more testing.”140 Nevertheless, arguments that
had previously belonged to classical morphology appeared well into the twentieth
century. But rather than describing an ideal metamorphosis, the same processes described
a potentially adaptive evolution.
Of historiographic interest is that one of the authors of text just discussed was
Garland Allen. With his history of biology following this textbook five years later, Allen
likely provided the above historicization of carpel interpretations. Contrary to this
narrative, the introductory textbooks and debates among botanists demonstrated that
interest in morphology and reliance of the forms of reason set down by classical
morphology, for the most part, persisted in the twentieth century. These conclusions are
consistent with the statistical analysis of databases for major botanical journals that also
demonstrated a continued interest in morphology. While interest and the forms of

Ibid.
They noted that Bailey and Swamy (I. W. Bailey and B. G. L. Swamy, “Amborella
Trichopoda Baill. A New Morphological Type of Vesselless Dicotyledon,” Journal of the
Arnold Arboretum 29 (1948): 245–54; I. W. Bailey and B. G. L. Swamy, “Sarcandra, a
Vesselless Genus of the Chloranthaceae,” Journal of the Arnold Arboretum 31 (1950):
117–29; I. W. Bailey and B. G. L. Swamy, “The Conduplicate Carpel of Dicotyledons
and Its Initial Trends of Specialization,” American Journal of Botany 38 (1951): 373–79)
had found that some species had carpels that were more leaflike than others such that
they “interpreted it as ‘the least modified form of a surviving carpel’ known among the
angiosperms. Rather than being completely enclosed carpels, the margins of these carpels
do not touch. To explain how closed carpels were potentially evolutionary adaptations,
Preston, Baker, and Allen pointed to how closed carpels protect the ovaries.
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reasoning used by botanists remained, terminology often changed, giving the appearance
of a new morphology. This terminology resulted from the growth of evolutionary
perspectives and increases in evidence that included both fossilized and previously
ignored living specimens that needed to be incorporated into morphological thought. And
while this new morphology did make strong inroads, classical morphology did not
completely disappear as even Allen and his coauthors felt the need to make at least some
reference to it in their own textbook.
The next chapter covers the same time period of the central debate over classical
and new morphology covered in this chapter by focusing on the Cambridge-based
botanist Agnes Arber. Arber made brief appearances in this chapter as someone who
observed Thomas’s address and the discussion that followed through her correspondence
with Lister. Arber represents an alternative version of the attempts of twentieth-century
botanists to develop an evolutionary morphology at a distance from Goethe like those
discussed in this chapter. Ultimately, Arber’s morphology was more in tune with Goethe’s
as she took a deep interest in him over the course of her career. Like Goethe, Thomas,
and Bower, Arber sought to understand the role of subjectivity in morphology, but unlike
the latter two, she also sought its role in science, and the creation of knowledge.
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Chapter 4 - Agnes Arber’s Unity in Diversity

As discussed in the previous chapter, the 1932 Linnean Society of London address
by Cambridge botanist Hugh Hamshaw Thomas (1885-1962) initiated a debate over how
plant morphologists ought to respond to the growing evolutionary influences within their
discipline.1 Thomas’s proposed distinction between the “New” post-Darwinian and the
“Old” pre-Darwinian morphology implied the necessity of a Darwinian perspective for
morphology to remain relevant. Seven years earlier, Agnes Arber (1879-1960) laid out an
alternative perspective maintaining an organism-centered morphology alongside
evolutionary morphology with her dichotomy of “Pure Morphology” and “Applied
Morphology.” 2 Arber’s basic division, like Thomas’s, had historical connotations. Pure
morphology was similar to pre-Darwinian comparative practices done for their own sake
and applied morphology described post-Darwinian usages of morphology for the sake of
evolutionary theory. Unlike Thomas, Arber did not assign a positive value to evolutionary
morphology based on a Whiggish interpretation of the history of botanical thought; that
is, while Arber acknowledged the historical contexts of pure and applied morphology, she
dehistoricized them, making them two distinct and active morphological practices
available to working botanists. Arber’s work thus provides a counterexample to Peter
Bowler’s emphasis on evolutionary morphology which Thomas and others fit into. 3

H. Hamshaw Thomas, “The Old Morphology and the New” (The Linnean Society of
London, November 10, 1932), ARA #53.1 (addition) box 3.
2 Agnes Arber, Monocotyledons, Cambridge Botanical Handbooks (Cambridge:
Cambridge University Press, 1925), 1-2.
3 Peter J. Bowler, Life’s Splendid Drama (Chicago: University of Chicago Press, 1996).
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While Thomas’s single statement was enough to inspire discussion among botanists into
the 1960s, Arber spent her career revising and elaborating her ideas on the historical and
philosophical underpinnings of plant morphology with much less public engagement
from her peers.4 Arber is thus a proponent of maintaining Betty Smocovitis’s “contrasting
and irreconcilable points of view” within biology in the 1920s.5 Arber, however, would
continue to push for her views into the 1950s, well after biology was unified.
Before examining Arber’s ideas on pure and applied morphology as an alternative
perspective to the more prominent voices advocating for new morphology presented in
Chapter 3, this chapter begins with a brief look at Arber as a historian. Arber’s Herbals
(1912) was the first book she published and signaled the strong sense of history that
would infuse her entire oeuvre. 6 Similarly important for understanding Arber’s trajectory
is her correspondence with the Scottish naturalist and classicist D’Arcy Wentworth
Thompson (1860-1948)—whose work is central to the next chapter—after he published
On Growth and Form (1917). 7 Their correspondence was critical for Arber’s growing
doubts around Darwinism and likely led her to begin distinguishing between pure and
applied morphology. When Arber first made that distinction in Monocotyledons (1925),
she attempted to work out an alternative evolutionary framework based on pure
morphology while simultaneously seeking to unify botany under the banner of

See chapter 3 for the impact of Thomas’s address.
Smocovitis, Vassiliki Betty. Unifying Biology: The Evolutionary Synthesis and
Evolutionary Biology. Princeton, N.J.: Princeton University Press, 1996, 20.
6 Agnes Arber, Herbals, Their Origin and Evolution: A Chapter in the History of Botany,
1470-1670 (Cambridge: Cambridge University Press, 1912).
7 D’Arcy Thompson, On Growth and Form (Cambridge: Cambridge University Press,
1917).
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morphology.8 Arber’s shift in attitude towards evolution paralleled a shift in her
assessment and interest in Johann Wolfgang von Goethe (1749-1832) who became a
prominent representative of pure morphology and important in Arber’s promotion of and
contribution towards the partial-shoot theory of the leaf. Later in her career, interest in
morphology led Arber into a more in-depth study of Goethe and an exploration of
analogies as a unifying foundation for scientific, philosophical, and mystical thought.
Thus, in addition to Arber’s direct interest in Goethe, her striving to find unity within the
diversity of botany, science, and thought more generally, demonstrates a strong resonance
with the themes of overcoming alienation and disenchantment found in Goethe’s
scientific writings. And like Goethe, history played an important role in this.

The Lessons of History
In his first letter responding to Arber’s comments on the botanical subjects of On
Growth and Form, Thompson concluded by reminding her that “the study of History
‘maketh a man wise,’” implying that Arber read more of the history of her own
discipline.9 Thompson did not yet know who he was corresponding with. Arber then
shared that reading “the ‘men of old’ is absolutely after my own heart + I have, in fact,
been pursuing it for a good many years.”10 During those years, Arber had written a book
on the history of herbals along with shorter essays. Thompson’s ignorance
notwithstanding, Arber’s breadth of knowledge in the history of botany was well
8 Agnes Arber,

Monocotyledons, Cambridge Botanical Handbooks (Cambridge:
Cambridge University Press, 1925).
9 D’Arcy Wentworth Thompson to Agnes Arber, December 31, 1917, DWT ms 20091.
10 Agnes Arber to D’Arcy Wentworth Thompson, January 3, 1918, DWT ms 20092.
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recognized by her contemporaries largely due to Herbals. And though others asked for
advice on the purchase of rare texts, she was unable to purchase any herself. 11 As she
explained to Thompson who had asked if she collected herbals,
Oh, no! I possess no herbals - or to be more accurate I possess a few oddments
acquired in odd ways - none actually by theft - but none by purchase. I have
never dared even to think of beginning to collect herbals; if I began my daughter
would have to sing for her supper. And the irony of it is that I am told that my
little book has been one of the factors in raising their prices, as it has given the
dealers a list of first editions in a cheap form. I am sending you a silly article on
one of my oddments. Of course I pore over catalogues and mark them - that is the
best half of collecting, I think!12
For Arber, there was more to studying history than the antiquarian excitement of
collecting old and rare books as she found material relevant to understanding botanical
practices and thinking about the work of herself and her contemporaries.
In Herbals, Arber distinguished two traditions in the history of botany: the
philosophical and the practical. The philosophical passed through Aristotle,
Theophrastus, and Albertus Magnus, but was “comparatively barren” despite the
eminence of those associated with it due to an imbalance of “observed facts” and the
“philosophical superstructure” connecting them. The other tradition of practical botany
focused on agricultural or medicinal applications, as in Dioscorides, Pliny the Elder, and
Nehemiah Grew, with any botanical knowledge being only a “byproduct.” These
byproducts led to the first efforts in taxonomy and anatomy. Despite this distinction,

John S. L. Gilmour to Agnes Arber, November 21, 1952, ARA #53 1886-1953 Box 1,
Folder 2, Al 9. Gilmour told of sale of Gesner’s Historia Plantarum (Paris, 1541) and
asked Arber for any info on it and if he should acquire it for the library of the Botanical
Gardens at Kew.
12 Agnes Arber to D’Arcy Wentworth Thompson, January 24, 1930, DWT ms 20097.
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Arber also recognized that not all respected this boundary, as some with medicinal or
agricultural interests also showed philosophical interests, and vice versa. 13
Arber concluded from her broad historical survey that theory and observation did
not develop as one might expect because it appeared that “accurate observation”
developed independently of the mental capacities able to productively engage with
philosophical themes. Thus, “the power of scientific observation seems to have lagged
many centuries behind the powers of reasoning, and to have reached its maturity at least
two thousand years later.” 14 To trace those powers of observation, Arber focused on the
accuracy of botanical images which first appeared in Otto Brunfels’s (1488-1534)
Herbarium, a book that moved subsequent authors to look more closely at the plants in
front of them, thereby improving their observations by “educating the eye” and their
verbal descriptions.15 But this progress only picked up a dormant thread that had been
abandoned for a thousand years as the Codex Aniciae Julianae (ca. 500 CE) of
Dioscorides demonstrated a higher level of representation than found in later work like
Brunfels. Arber attributed discrepancies such as these to a decline of classical art and the
increasing use of convention over accurate representation. Though Arber reached these
conclusions on the historical relationship of theory and observation early in her career
while doing historical research, they would nonetheless remain central to her practice of
morphology.

13 Arber,
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In The Natural Philosophy of Plant From (1950), after years of practical
experience, Arber expanded on her views of how botanists could utilize history.16 The
historical study of botany, for Arber, was akin to what it was in philosophy: not merely
something pursued for curiosity’s sake, but something that could have direct bearing on
current thought. This was so since current thought built upon previous thought in a way
that the foundational insights previously open for discussion became buried under the
development of new ideas. Reexamining original work brought fresh eyes to old
questions. This was especially the case for morphology since it was based on a welldeveloped “seeing eye,” both “bodily and mental,” and not theoretical presumptions like
Darwinism.
As Arber broadened her philosophical purview to include the whole of biology in
The Mind and the Eye (1954), she elaborated on her earlier thinking describing how the
study of history led to a more objective “suprapersonal” point-of-view of the present,
especially in intellectual history, by provided a context with implications for the
individual worker.17 With this suprapersonal point-of-view Arber identified a rhythmic
pattern in history as the intellectual commitments shifted and reemerged. Such changes of
fashion in thought ought to lead one to see that conclusions were never definitive, as
much as they may seem to be in the moment. Similarly, the waxing and waning of
interest between “dormancy” and “awakening” around certain problems demonstrated
their perennial nature. Arber provided an analogy between history and the growth of a
16 Agnes Arber,

The Natural Philosophy of Plant Form (Cambridge: Cambridge
University Press, 1950), 6-7.
17 Agnes Arber, The Mind and the Eye: A Study of the Biologist’s Standpoint (Cambridge:
Cambridge University Press, 1954), 7.

"134
tree. “If we look carefully at hypotheses discarded in the past, we find that, like dormant
buds, they are sometimes capable of initiating new branches of thought, after the vitality
of the main trunk, which once overshadowed them, has become exhausted.”18 Like
Thomas Kuhn’s later formulation of historical change, Arber stressed that changes in
perspective were of central importance, with each new period of thought seeing “through
quite different spectacles” than those before them.19 The central task for the individual
researcher was to locate themselves within “a tributary to the main thought-stream of the
period.” This helped bring context to one’s own questions, and to see them as a part of a
larger living intellectual life that encompassed and transcended an individual's
contributions. One likely subject of Arber’s later reflections on history was the changes in
her relationship to Darwinism.

Arber’s Evolution and the “Original Sin”
While many biologists before the First World War were integrating Mendelian
genetics into their views and pondering the efficacy and mechanism of natural selection,
Arber wrote on the history of evolutionary thought. 20 There she described how
Darwinism was able to get beyond the “sharp line” between varieties and species by
natural selection and the struggle for existence. Arber pointed briefly to Goethe, and
contrary to her later views, placed him in a trio who recognized the mutability of species

Ibid., 30.
Ibid., 7; Thomas Kuhn, The Structure of Scientific Revolutions, Second (Chicago:
University of Chicago Press, 1970).
20 Agnes Robertson, “Theories of Evolution: An Historical Outline,” The Naturalist,
1907, 167-171, 209-215, 241-249.
18
19

"135
at the turn of the nineteenth century that included the English natural philosopher
Erasmus Darwin (1731-1802) and the French naturalist Geoffroy Saint-Hilaire
(1772-1844). She also described that the most pressing challenges facing Charles
Darwin’s theory of evolution were those brought up by Darwin himself. These difficulties
had to do with the utility of modifications at different evolutionary eras. Still, Arber
embraced his adaptationist ideas.
This changed after Thompson published On Growth and Form in 1917. Arber had
read Thompson’s book and sent him her critiques of his botanical discussions.21 One
point Arber made was that Thompson’s discussion of the arrangement of leaves on a
stem, or phyllotaxis, was not based on the current adaptationist point of view, and
therefore was in error. But he was unconvinced, and though he could not prove his own
case, felt no need to argue against the Darwinian perspective since it would be the same
as disproving that “the Moon is made of Green Cheese.”22 Arber seemed to be taken offguard and became slightly defensive in her response, distancing herself from the current
view while still holding that it was better than Thompson’s. She wrote, “I rather felt that
you were putting up an Aunt Sally (which no one would accept as representing a revered
relative) + then toppling it over.”23 This position would not hold. As the two developed
their correspondence, Arber’s views on evolution began to transform and align more with
Thompson’s.

21 Agnes Arber
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One hint of this was when Thompson suggested an analogous relationship
between geometrical and biological groups to illustrate the difficulty in crossing certain
group boundaries. He explained how it was easy to transform similar shapes into one
another, as a circle into an ellipse and an ellipse into a parabola.
But take some other mathematical figure belonging to a different family
altogether, a square, for instance (a mathematician might carp a little at the
illustration, but it is simple and may serve our turn), and the case becomes very
different indeed; for no simple transformation can turn the ellipse, or the circle,
into a square, in the sense or way in which our conic sections were transformable
one into another. There is a great gulf fixed; and what is more, there is no point
even of approach, for any one ellipse is no more like a square than any other.24
The differences found among mathematical families that made simple transformations
between them impossible, suggested something similar may be the case in the biological
world, as between groups like the Protozoa and Coelenterates.
There is a very deep and real meaning in Cuvier’s ‘Types,’ or in groups analogous
to them. And that, in short the search for transitional forms which shall connect,
or which actually connected, these great ‘types’ one with another, after the fashion
of the transitional forms within the ring-fence, is a search in vain.
Thompson wanted to clarify that he was not advocating any sort of “special creations” or
“denial of continuous and all-embracing ‘evolution,’” but that whatever “Mutation” has
occurred would be “of a very singular and important kind.” Thompson concluded, “In
mathematics, the thing is simple and obvious; and I begin to believe more and more that
our ‘Morphology’ is here, as well as elsewhere, completely analogous.”
Arber was intrigued and found that she had been thinking of an analogy similar to
Thompson’s. “I have been wondering whether orchestration does not yield a similar
D’Arcy Wentworth Thompson to Agnes Arber, October 2, 1920, ARA #53 Box 1, Al
153.
24
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analogy. It is true, isn’t it, that there is every gradation within the ‘families’ of
instruments, e.g. wood-wind or strings, but no no [sic] half-way houses between them?” 25
Arber also found similarities between what Thompson described for zoology in botany.
“All the trend of modern work is to carry the great groups further and further back as
discrete entities. For instance, we have been in the habit of taking it for granted that the
Pteridosperms were derived from the Ferns.” Arber described how recently, botanists had
begun to doubt this and that each group, and even among flowering plants, could be
traced back “independently into an unknown past.” While Arber was sympathetic to these
views, she had difficulty thinking them out for herself.
Those difficulties were, however, diminishing. In 1921, Arber recalled their initial
exchange and how it had ultimately affected her.
Some time ago I tried to put it to you that Phyllotaxis was adaptational, and you
replied - ‘I should be at a loss to disprove the hypothesis that the Moon was made
of green cheese.’ I must confess that this was a shock to me, for I had been
brought up an orthodox Darwinian; but the 4 years of working at morphology
which have passed over my head since, have convinced me that you were right. I
have been gradually shelling off the adaptation point of view, and I now believe
that, at least in the case of leaf-structure, which I am struggling with, we get a
series of harmonics upon certain definite basal form-types, which are wholly
inexplicable from the utility standpoint. I am sending you a little paper on the
leaves of the Irids, which seem to me to produse [sic] a particularly marvellous
[sic] form-play on the fundamental family type.26
The reminder pleased Thompson, but upon reading Arber’s paper he still found vestiges
of Darwinism.27 He replied that “There are still traces of original sin, as it seems to me, in
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your paper; but it is clear that you are on the high-road to complete repentance. I need not
proceed to quote…. (I mean, from Scripture).” Arber realized this before Thompson
brought it to her attention. “I became conscious in the interval between writing and
publication of that paper that it was rather of the nature of Court Mourning - but I see
Crêpe and Weepers looming on the immediate horizon.”28 As Arber delved deeper and
deeper into plant morphology, she refined her thinking on types as she worked to remove
any last traces of the original sin.
The influence of Thompson’s thinking on evolution and the existence of discrete
biological types on Arber would have visible effects during the next four years as she
worked on her second morphological monograph, Monocotyledons. Her concepts of pure
and applied morphology helped distinguish the evolutionary morphology she had been
educated into from the concern for form-in-itself Thompson had engendered in her. Arber
actually found the best examples of applied Morphology in the work of pre-Darwinians,
specifically the work of Goethe and the Genevan natural historian Augustin Pyramus de
Candolle (1806-1893), both of whom, despite pre-dating evolutionary language, worked
out approaches to the differentiation of plants as living entities, approaches more
favorable to evolutionary research than searching for synthetic types through fossil
records.29
Arber’s historicization of the development of botany led her to conclude that the
observational skills of contemporary botanists needed to catch up with the more

28 Agnes Arber
29 Arber,
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developed ability of reasoning. Her correspondence with Thompson led her to question
the adaptationist assumptions she had been educated to look for in her training. As she
worked out her ideas on morphology further, Arber’s thought came more inline with
Thompson’s saltationist perspective. The combination of historical context and
skepticism worked together in Arber’s in-depth morphological study of monocotyledons
as she criticized her mentor’s evolutionary hypotheses and developed her own.

Developing an Eye for Evolutionary Morphology
Arber took up the subject of monocotyledon morphology after her mentor, the
botanist Ethel Sargant (1863-1918), became too ill to continue working on the subject
and requested that Arber see it to completion.30 While Arber’s work owed much to
Sargant, Arber still found herself disagreeing with Sargant’s hypothesis that a
monocotyledon seed-leaf was the morphological equivalent of two fused dicotyledon
seed-leaves. Arber favored the view that monocotyledon seed-leaves were equivalent to
one dicotyledon seed-leaf.31 Sargant’s hypothesis led her to place the evolutionary origin
of monocotyledons in geophilous dicotyledons. 32 Arber limited her discussion of
Sargant’s theory to morphology, leaving evolutionary implications as a separate
consideration.

30 Arber,

Monocotyledons, vii.
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Following Sargant, Arber found the “most universal and most striking” difference
between monocotyledons and dicotyledons was the difference in their seedlings, the
difference identified in their names.33 Sargant’s work with monocotyledons had led her to
conclude that their cotyledons resulted from a fusion of the more basic structure of
dicotyledon seed-leaves. Her conclusions came out of her early adoption of microtome
techniques which demonstrated the “dual symmetry” in monocotyledon seed-leaves, a
feature she claimed was not present in axial leafs despite no such research having been
done. When it finally was, the research revealed the same dual symmetry, so that by the
time Arber was writing, Sargant’s conclusion had been invalidated. For Arber,
straightforward morphological observations also said as much. The point was driven
further by the comparison of the seed-leaves with other leaf-like structures, or prophylls,
which were commonly seen as analogous. Both cotyledons and prophylls appeared at the
base of a shoot, the cotyledon at the primary seed shoot, the prophylls at secondary axial
shoots. Yet, for Arber, this analogy did not completely hold and it would take better
trained observational skills to untangle the theoretical mess.
The tension within the analogy led Arber to explore the potential for terminology
to obscure observation and interpretation. 34 Morphologists had traced cotyledonous leaf
structures down into the hypocotyls, or seed roots. Arber turned this upside-down,
interpreting anatomical cotyledonous leaf structures as extensions of root structures as a
way to look past the dual symmetry in cotyledonous leaves by seeing the origin of leaf

33 Arber,
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symmetry in the symmetrical diarch and tetrarch root structures.35 Though maintaining
some homology, looking to the roots further distinguished cotyledons from prophylls, as
the single stem strand supplying the latter differed from the symmetrical root strands
supplying the former. All this, however, still led Arber to conclude that cotyledons, along
with prophylls, were simply leaves, but leaves that have been given special names and
thus a higher theoretical status than they deserved. For back up, Arber turned to Goethe’s
identification of cotyledons as the first leaves attached to the first node of the stem.
In proposing this more simplified view of leafy organs, Arber sought to get
around questions of monocotyledon and dicotyledon phylogeny that sought to place one
as the originator of the other, something Sargant’s research contributed to with her fusion
hypothesis. Arber suggested an alternative view and posited that the appearance of one or
two seed-leaves was simply due to the overall “growth-rhythm” of the particular plant.36
For Arber, since the monocotyledon growth-rhythm was such that leaf bases completely
surrounded the stem, it seemed logical that two leaves could not appear at a node.
Although Arber sought to excise evolutionary ideas from her morphological
observations in Monocotyledons, she still promoted an evolutionary perspective. Only it
was not Darwinian. Arber hoped to reform botanical science with a de-CandolleanBergsonian-Goethean taxonomy and phylogeny based on whole organisms, right down to
chemical differences, where taxonomic groups functioned as organisms themselves with
periods of juvenility, maturity, and senility. Morphology would help to distinguish these
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periods, but other biological methods had more limited applications. Mendelian genetics,
for instance was relevant only to stages of senescence, as it focused on “the
differentiating features of down-grade evolution” and not the “up-grade” evolution of the
juvenile phase.37
The name of her most ancestral group illustrated the impact Goethe had had on
morphology by echoing his Urpflanze. The “Ur-monocotyledon” denoted “the original
synthetic stock of all the great Monocotyledonous groups” and had the most general
characteristics. 38 Within a group like monocotyledons, the tendency to share characters
would be even more pronounced and continued observations would disclose “motifs” that
marked taxonomic groups. These groups appeared so well-defined that “the limits of the
group-type are never overstepped,” just as Thompson had suggested. The lack of
synthetic types found by paleobotanists at the time only reinforced Arber’s position.
Araceae (Figure 7) served as an example of Arber’s organismic taxonomy, one
which suggested juvenility.39 Generalizing their characteristics, Arber found de
Candolle’s three factors of reduction, fusion, and degeneration across morphological
features, with reduction being the key to marking its juvenility. In the relation of the
enwrapping spathe and flowering spadix, for example, Arber characterized their fusion as
a “failure to separate” rather than the more “active process” implied by the term fusion.
Other areas also demonstrated reduction, such as the lessening of flowers along the
inflorescence to a solitary flower at the apex. The tendency to reduction characterized the

Ibid., 217.
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Figure 7. Arum maculatum, a member of Araceae, from Arber,
Monocotyledons, 190.

“archetype of Aracea” as that from which “the immense variety met with amongst the
present-day Aroids has been derived, chiefly by the operation of three factors of
reduction, fusion, and degeneration.” Arber had laid out an approach to both taxonomy
and evolution that took full advantage of her morphological methods, starting with the
organs as a whole before moving to specific characters. This approach moved away from
identifying adaptive characteristics towards an understanding of mutations as arising
from factors already inherent in the organism.
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Coming out of her correspondence with D’Arcy Thompson, Arber attempted to
work out her own way towards a saltationist understanding of evolution. The most basic
requirement of this was for Arber to return to and refine her own observational skills.
Arber understood this to be the opposite approach of many of her contemporaries who
assumed a Darwinian perspective of continuous evolution and then fit their observations
into it. In the introductory chapter of Monocotyledons, Arber developed her position by
subordinating evolutionary morphology to morphology proper with the terms pure
morphology for the latter and applied morphology for the former. Arber’s criticism of
Sargant was an example of pure morphology overriding evolutionary conclusions. The
development of a non-adaptationist view of evolution offered a non-Darwinian route for
applied morphology to take.

The Changing Names of Pure and Applied Morphology
Throughout her career, Arber came back to the concepts of pure and applied
morphology, though sometimes under different names. Along the way she would find a
deeper appreciation for Goethe’s morphology. In a 1930 paper, Arber described formal
morphology as an alternative designation for pure morphology.40 In practice, formal
morphology sought unity in the plant body. This countered the tendencies within the
history of botany to differentiate the plant body into its major organs. Through examples

40 Agnes Arber,
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taken from grass morphology, Arber concluded that the distinction between leaf and stem,
while descriptively useful, was “imaginary.” This turn of ideas rendered the shoot as a
more accurate form-concept that encompassed both leaf and stem. The shoot paralleled
the root as one of the plant body’s two distinct parts. Arber’s morphology also
accommodated issues of transformation suggesting that in “both shoot and root the
potentiality of the other unit lies dormant beneath the character which predominates.” The
plant body thus demonstrated an “essential unity of root and shoot.” 41
Differentiating the plant body went back to the Greek philosopher and botanist
Theophrastus (370-287 BCE) who identified formal-conceptual categories like root,
stem, branch, twig, leaf, flower, fruit, and others. Generally accepted standard categories
only appeared much later in the form-concepts of root, stem, and leaf, in the work of
Goethe and de Candolle. 42 This allowed for the further synthesizing of plant parts
formerly understood as distinct. For example, the French botanist Octave Lignier
(1855-1916) of Caen promoted a cauloid theory positing no distinction between shoot
and root. Lignier’s theory was evolutionary or, under Arber’s terminology, applied
morphology as he presented the original ancestral plant as cauloid.43 Arber reached
similar conclusions using formal, or pure, morphology and supported Lignier’s theory.
Developing pure morphology as a legitimate practice for botanists brought Arber
closer and closer to the work of Goethe. Three years after Thomas’s Linnean Society
address, Arber again weighed in on the history of plant morphology while also drawing
Ibid., 310.
“Augustin Pyramus de Candolle, For.Mem.R.S,” Nature 148 (September 6, 1941): 282.
43 Arber, “Root and Shoot in the Angiosperms,” 312; A. C. S., “Prof. Octave Lignier,”
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out implications for its future. 44 Arber expanded on her and Thomas’s two original
periods by adding a third post-post-Darwinian period “in which a phylogenetic aim has
been discarded, and a return has been made to a standpoint not far removed from that of
Goethe.” A strictly phylogenetic approach to morphology, as advocated by Thomas, while
it continued to focus on the investigation of plant parts, left considerations of the plant as
a whole to taxonomic study. Goethe’s morphology combined the perspectives of whole
and parts, and was therefore more forward-looking as it suggested a broader framing of
morphology as covering the plant’s “entire organization, external and internal, from the
beginning to the end of the life history.” This view used morphology to synthesize several
botanical, and biological, subdisciplines by taking into account ontogeny, anatomy,
physiology, chemistry, and physics. Goethe had hinted at this with his discussion of the
refinement of saps in relation to different parts of the plant body.45 Arber expected few of
her contemporaries in botany to view Goethe in the same way.
Just as Goethe’s view implied embracing all contemporary research perspectives,
it gave a similar view of the plant body. In this case, Arber saw Goethe establishing a
“parallelism” between leaves and organs like carpels so that their homologous relation
invited comparison rather than identity statements like “the carpel is an infolded foliage
leaf.”46 When Goethe expressed this parallelism it was more as an artist than as a
philosopher, and rather than create a neologism for his type that would have made it more
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clear, he stayed with Blatt, or leaf, to describe his general type. Since Blatt was already
loaded with botanical meaning, Arber speculated that if Goethe had understood more
fully the criticism of his close friend the philosopher and poet Friedrich Schiller’s
(1759-1805) criticism that his theory of metamorphosis was idealistic, he may have come
up with a new word to defend his realism. 47 Arber saw the concept of parallelism as a
term more suited to contemporary thought which avoided the difficulties of continually
bringing to mind the extreme abstract nature of Goethe’s type concept when following
those lines.48
Echoing observations made by Thomas in his address and by the Scottish botanist
Frederick Orpen Bower, Arber held that botanists had been misinterpreting Goethe’s
identification of the metamorphosis, or homology, between foliar and floral organs.49
This metamorphosis of Goethe’s proceeded in both directions: from foliar to floral and
from floral to foliar. Unlike Thomas and Bower, Arber blamed botanists’ phylogenetic
dispositions for this oversight. New morphology only took the first half which was then
“forced into an evolutionary frame.” Arber described that
Those who visualize the flower and its parts as having been derived
phylogenetically from a vegetative shoot with foliage leaves, and who suppose
that the carpel has at some stage gone through an actual process of infolding, are
replacing a morphological idea, valid within its own sphere, by an historical
picture, which belongs to a different world of thought, and for the validity of
which the morphological concept provides no evidence. Morphological and
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phylogenetic concepts belong to different categories, and only confusion can
come of the attempt to reduce these categories to one.50
Arber blamed the nineteenth-century tendency to historicize scientific problems,
including Goethe’s morphology. Darwin himself was partially to blame as he had
explicitly stated in On the Origin of Species that he was taking literal what had previously
been only metaphorical, namely metamorphosis.51 Arber thought it a mistake to attribute
to Goethe any phylogenetic meaning and maintain the relation of his metamorphosis of a
plant within the life cycle of an individual plant. This clear distinction between
morphology and phylogeny guided Arber’s evaluation of her fellow morphologists.
Arber’s directed criticism at Thomas and John McLean Thompson (1887-1977),
Chair of Botany at the University of Liverpool. 52 Thomas’s observations of the carpels of
the newly discovered extinct order of Caytoniales, which were to him an evolutionary
link between palaeozoic pteridosperms and recent angiosperms, were, to Arber, a
rejection of the Goethean perspective based in the observation of living plants.53 Arber
found Thomas’s conclusion that the carpels were originally made up of four or five
different parts too complex of an interpretation which did not square with living
angiosperms. Arber did not find McLean Thompson’s ontogenetic approach to
50 Arber,
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morphology any more promising as it was too abstract. Arber had sent D’Arcy Thompson
a copy of her article and he was sympathetic to Arber’s views. His only comment was, “I
don’t take much stock in the work of my Liverpool namesake; but Troll’s
Gestaltmorphologie is a very different thing.”54
Arber saw a shift back to a more Goethean morphology in the Gestalt morphology
of the University of Halle botanist Wilhelm Troll (1897-1978).55 Troll distinguished three
types: the comparative “Gestalt type,” the ecological “biological type,” and the more
commonly utilized “organization type.” One feature of the Gestalt type was that it
included homologies not considered phylogenetic, like those between inflorescences and
simple flowers. Phylogenetically, these similarities had been looked at as “empty
curiosities” or “adaptations.” For Troll and Arber, they opened up the potentials of
morphology, freeing it from phylogeny.
John S. L. Gilmour Assistant Director at the Royal Botanic Gardens, Kew,
responded to Arber’s Goethean advocation. He largely agreed with Arber’s tripartite
periodization of the history of morphology and found parallels in the history of
taxonomy.56 He linked the first “Goethean” stage with the Linnaean emphasis on the
“idea of the individuals of a species as the earthly expression of an ideal type in the mind
of the creator.” He, however, made a caveat regarding the most recent period.
The revolt from phylogeny appears to be more widespread in morphology than
taxonomy—but both involve the realisation that the objective study of attributes
D’Arcy Wentworth Thompson to Agnes Arber, May 10, 1937, ARA #53 Box 1, Al 90.
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and relations is a completely different process from the tracing of evolutionary
history—to which the only absolutely sound guide is the fossil record.57
He was uncertain if taxonomists would actually completely revolt because phylogeny had
become too “deeply rooted” there and no promising alternative existed.
The London unaffiliated botanist Lady Isabel Browne (1881-1947), whose
publications centered on phylogeny, suggested “synthetic types” as an “intermediate
position” between morphology and phylogeny in response to Arber’s periodization.58
“After all,” she wrote, “morphology as the pure study of form, regardless of the history of
the organ, would be the science that proves that things are universally—or at least
essentially what they seem—which hardly seems to me a sound scientific proposition!”
Arber responded with doubts about strict evolutionary thinking.
If I understand you rightly, you feel no doubt that a historic scheme of descent,
possibly of some complex ‘tree’ form, exists, and that the botanist’s duty is to
unveil this scheme, which is something actual, historic and objective. I, on the
other hand, have begun in recent years to doubt whether such a scheme has any
historic existence—in other words, whether there has been any large scale
evolution at all. It seems to me that if one believes in the latter, one believes as an
act of faith and not on evidence. (There is clearly some evidence for what one
might call small scale evolution—the breaking up of a type into different subtypes, which do not, however pass outside the limits of the type.)59
Arber, however, was not able to fully elaborate her own account of how living things had
come into being without “descent with modification,” but she did not feel obliged to
accept an evolutionary perspective simply because there were no alternatives, a line of
Ibid.
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reasoning she had picked up from Thompson. Arber also pushed back against Browne’s
characterization of morphology as merely saying things are what they appear to be and
emphasized that morphology was a “science of relating,” with or without evolution added
to it.
Not everyone completely disagreed with Arber. The botanist B. C. Sharman from
The University of Leeds looked to Arber for advice on his own ideas after reading her
article.60 Sharman wanted to take an ontogenetic approach by focusing on foliar and
floral primordia. For Sharman, these influences were “at play then and there and not back
in the dim and distant past.” Yet, Sharman also thought that any “vascular ground plan”
described by botanists of Goethean leanings as “highly dangerous and misleading”
because it could lead to inflexible thinking if it was forgotten only to be anything more
than an “average case” of all floral parts. An evolutionary perspective suggested more
flexibility in form than such a ground plan.
Arber responded more to Sharman’s appreciation of her holistic outlook than to
his criticism of the lack of a phylogenetic perspective. 61 Sharman mentioned having a
feeling for ideas, and Arber thought it was especially relevant to morphology as it
“demands something over and above what philosophers call ‘discursive’ reasoning.”
Arber described her larger project of writing a similar paper on the leaf and a larger book
on morphology.
My purpose in these two bits of work is in agreement with yours, for it is a
‘general way of thinking’ that I am after; I believe it is a change in this which is

60

B. C. Sharman to Agnes Arber, July 22, 1939, ARA #53 Box 1, Al 97.
to B. C. Sharman, July 22, 1939, ARA #53 Box 1, Al 98.

61 Agnes Arber

"152
what is wanted in botany. For this reason I have been for some time now
struggling with as much philosophy as I can grasp (alas that it is little) to try to
clear up my approach to the subject. I think that you might not regard this as
waste of time, though most botanists are inclined to use ‘metaphysical’ as a term
of reproach.62
It would be several years before Arber published her “metaphysical” works, but she
continued to refine her thinking in plant morphology along the way.
In her other work, the concepts of pure and applied morphology were less
explicit. Rather than pure morphology, in Gramineae (1934), Arber briefly referred to
“pure botany” within a different historical framework that placed the origin of botanical
knowledge in the “egocentric interests” characteristic of humanistic studies that
foregrounded utility. 63 In The Natural Philosophy of Plant Form, Arber further distanced
herself from the evolutionary perspective as she even argued against the type of nonDarwinist evolution she had described in Monocotyledons. The main culprit, however,
was still “the Darwinian reorientation of biology” that shifted the attention of botanists
away from pure morphology towards evolutionary morphology. This reorientation simply
transferred the logical relationships established by pure morphology to the temporal
relationships of Darwinian evolution. As Arber described it,
The Darwinian school seized upon Goethe's archetypal flowering plant, and the
notion, common to him and de Candolle, of a minor archetype for each family;
detached these ideas from their context in the world of thought; set them up in
the world of experience; and assumed their actual historic existence. Goethe's
conception of the Urpflanze, which in his mind had a timeless quality, was thus
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transferred to some specific period of the past, as the Ancestral Plant; and it was
imaged as something which would have been visible and tangible.64
Arber attributed this shift to lazy thinking by botanists inclined towards “picturethinking” rather than the more demanding work of metaphysical thought. This expressed
itself in the widespread assumption that morphological series progressed evolutionarily
from simple to complex with humans being the most complex. 65 To remedy the situation,
Arber called for the development of a clearer, more precise perception out of the already
developed powers of reason, that is, pure morphology practices as the movement between
sensual observation and mental representation supported by tactile data and anatomy.66
This prepared her to move beyond mental representation to gain an understanding of the
plant’s context and bring out its “living aspect” by comparing it with other forms.
Pure morphology also appeared in Arber’s book on biological methods, The Mind
and the Eye (1954), as a science distinct from the predictive sciences of physics and
chemistry. 67 There she gave a more philosophically precise description of “the goal of
pure morphology… as the visual and conceptual interpretation of the perceived rather
than as the conceptual prediction of the unperceived.” Expanding on this she noted,
Problems of pure morphology cannot be solved by the methods of analytical
science. The contemplative treatment of comparative form, rather than its
analysis from the standpoint of cause and effect, becomes the morphologist’s
aim; he desires to see form, both with the bodily eye and with the mind’s eye, not
only in itself, but in its nexus of relations.68
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Arber’s elaboration of pure morphology as a method of integrating the intellectual and
the sensual within a broader disciplinary context led her to locate morphology in general
squarely between mechanistic sciences—chemistry and physics—and art, a location
reminiscent of Goethe’s desire for his own methods to fill the gap between the extreme
theorization of mathematics and direct perception.

The Partial-Shoot Theory as Pure Morphology
Arber’s discussion of pure and applied morphology laid the philosophical and
historical groundwork for her own preferred morphological theory describing the leaf: the
partial-shoot theory. Early on Arber had leaned toward the partial-shoot theory of the leaf,
though she did not identify it as such. In 1920 while discussing Utricularia, a genus made
up predominantly of bladderworts, Arber signaled a case where the usual “distinction
habitually drawn by botanists between stem and leaf, breaks down completely.”69
Previous authors had described the vegetative regions of Utricularia as entirely
composed either of root, leaf, or stem and leaf. Arber’s own conclusion was that all
attempts seemed “doomed to failure” and only put forward a “provisional hypothesis”
that the vegetative body was both leaf and stem, that is a shoot.
Later, Arber experienced similar interpretative difficulties with the phylloclades—
a compound of the Greek words for leaf and branch—in investigations of Ruscus.70
Botanists had vacillated between interpreting the phylloclades as a leaf or branch since
69 Agnes Arber,
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Theophrastus. In the eighteenth and nineteenth centuries, as organography became more
refined, the phylloclades of Ruscus were interpreted as stems, since all organs similar to
leaves were viewed as modifications of the stem. Contemporary to Arber, the
interpretation changed again when the shoot, rather than the stem, became the important
structure. In the case of Ruscus, the shoot was dominated by the leaf. This brought
Ruscus morphology full circle for Arber, as the phylloclades were again leaves.
Further movement by Arber towards endorsing the partial-shoot theory came in a
1930 article on angiosperm root and shoot morphology. 71 There Arber drew on her
growing interest in Goethe by applying his thought directly to botanical topics,
specifically his insight on the leaf. Arber described Goethe as the first, in the two
thousand years following Theophrastus, to bring attention to the leaf. His main
contribution to botanical thought was to describe, quoting Metamorphosis, “The fertility
which lies hidden in a leaf.” And though Goethe primarily paid attention to the leaf, he
also made “the first really lucid statement as to the importance of the individual shoot.”
His neglect of the root, however, prohibited him from seeing the full import of the shoot,
which Arber found with the partial-shoot theory.
Arber put forward her mature formulation of the partial-shoot theory in 1941. Her
concept was a synthesis of two perspectives on the plant body that drew on the polarity of
leaf and stem in the above cases.72 Her synthesis retained “the shoot as a primary unit”
while still recognizing “the tendencies which individualize the leaf.” Arber represented
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each side historically. One tradition was that of Goethe and Troll who had focused on the
leaf as a type. The other came from the Königsberg philosopher Immanuel Kant
(1724-1804), who, in his Critique of Judgment, described each branch of a tree as a tree
of its own. Arber synthesized the two traditions by rephrasing the Swiss botanist Casimir
de Candolle’s (1836-1918) view that “leaf is a partial-shoot, arising laterally from a
parent whole-shoot.”73
Arber’s assessment of Goethe was to praise his amateur status, which had freed
him from “specialist knowledge” so that he could develop a “bold and comprehensive
view” of the plant.74 Because of this, for Arber and her contemporaries, Goethe’s
botanical thought was a “stimulus” rather than “a ready-made system” already thought
out. Earlier Arber had criticized Troll’s claim to Goethe’s concept of form along these
lines.75 Arber found Troll’s interpretation of Goethe too “nebulous and mystical” and that
Goethe was “more strictly scientific” than Troll made him out to be. Arber described
Troll placing the methods of morphology, which for him worked from whole to parts, in
opposition to the methods of physiology, which worked from the parts to the whole.
Arber, however, still saw value in the Troll’s perspective, especially since it was an
underrepresented view within Britain. When it came to the partial-shoot theory, Troll fell
into the trap of reading Goethe as a physiologist as he held too tightly to the type concept
of the leaf and identified the root and and stem as two additional unanalyzable types.
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Arber, however, did see the potential for further analysis that led her towards identifying
the shoot as the basic unit in the angiosperm with the leaf and root as partial-shoots.
Arber strove to contextualize her thoughts historically and also ground them
philosophically. For this she turned to the Ethics of the Dutch philosopher Baruch
Spinoza (1632-1677). Drawing on his notion of Conatus as an “urge towards selfmaintenance”—a concept resonate with Goethe’s notion of striving described in Chapter
2—Arber explained,
The whole plant may be said to consist of a series of shoot generations, together
with a series of root generations; every individual lateral branch is a repetition,
modified in varying degrees, of the original primary shoot, while every lateral
root similarly repeats the primary root. The plant ‘endeavours to persevere in its
own being’, and this perseverance expresses itself in repeating that being time
after time, each daughter shoot or root becoming in turn a parent shoot or root.76
This Spinozan context allowed Arber to avoid phylogenetic terminology and more clearly
describe the parts of the plant body from a perspective of pure morphology. Thus, she
reformulated her hypothesis of the leaf as “a partial-shoot which has an inherent urge
towards the development of whole-shoot characters.” It was a wholly non-phylogenetic
hypothesis, “concerned with what the leaf actually is, here and now.” One drawback of
using Spinozan terminology was that it could be easily read as anthropomorphic. Arber,
however, clarified that this was not her intention, but that it was also difficult to find other
terminology.
McLean Thompson wrote Arber after reading her formulation of the partial-shoot
theory, thinking it did not go far enough. Thompson had wanted Arber to “venture a little

76

Ibid.

"158
farther into the realm of wholism[sic].” 77 For Thompson, this meant “giving no
suggestion of prominence or priority to any member of any body; but stating frankly that
the colonial unit may be membered in varied ways.” After her response, Thompson was
surprised that Arber took his comments as criticisms of her position as he had meant to
only express interest.78 “In future, however,” he wrote her, “I must take to heart what I
deem a kindly lesson: attempting to assure that my arguments will be grasped and
understood.” With that, Thompson reexplained his as the “standpoint of a Holist
regarding land plants” where no particular organ was given priority of thought since this
would be “to deny the plants [sic] behaviour.” Arber still did not fully agree.
You say that no member should be given priority in thought, because no member
has priority in development, but this seems to me to be a non-sequitur. One
cannot but attempt to see the various members in some sort of relation—that is
something which the nature of the human mind compels one to do—and I do not
myself feel that there is anything unreasonable in supposing that these different
members may represent expressions (in varying degrees of completeness) of a
nature which is shared by them all. From this particular standpoint, the order of
development—whether simultaneous or successive—does not seem to be
relevant. 79
Arber further suggested that Thompson, in his original reply, had given priority to the
“cylindrical growth” of the stem over the leaf by noting the latter occurred when the
former was inhibited.
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Thompson did not think Arber understood the details of his position and had gone
too far in connecting what occurs in plant development with what is appropriate to think
about the priorities of plant body organs.
I did not think that you would read me as suggesting that “No member should be
given priority in thought, because no member has priority in development. It
would never occur to me to put the matter thus. Rather I would accept the fact
that neither stem nor leaf nor root has priority in development; and in doing so, I
would hope not to be led into a frame of thought in which ‘because’ would rule a
chain of reasoning. 80
In the end Arber was glad that Thompson had engaged her in corresponding about
holism and her paper. She even warmed to Thompson’s perspective and said she would
think over how it related to her own understanding of the plant body.81
Further challenge came from Lady Browne who had also criticized Arber’s
attempts to move morphology away from an evolutionary grounding in her discussions of
pure and applied morphology. Browne told Arber,
I still feel that unless morphology has its classification of organs founded on
phylogeny it can hardly be useful, except descriptively… For not only does it
[morphology] seem to me to involve the assumption that in science things are (in
their very nature) what they seem; but also sets up a subjective view of essential
nature… If phylogeny does determine the morphological nature of an organ,
there is some basis for forming a judgment, in each particular case, as to which of
many interpretations is probably right. 82
Browne knew that Arber would read her reactions as “under the influence of the
phylogenetic twist in morphological thinking” but preemptively protested. “I do this with
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my eyes open, because I think that phylogeny is at the bottom of morphology.” But it was
not only phylogeny driving Browne’s critique as she cited the use of hormones by
gardeners to induce rooting. She tied this back into evolution as this present phenomenon
was due to the descent from “thallome-branching sporophytes” which grew roots above
ground.
Arber remained unconvinced in her response and had in fact been moving in the
opposite direction further away from a phylogenetic view towards something more
philosophical. This move resonated with Goethe’s emphasis on the neglect of the
subjective perspective within scientific accounts that led to alienation and
disenchantment.
I feel that discussion between us is made very difficult by this fundamental
divergence about the relation of morphology and phylogeny. You spak [sic] of my
view as setting up ‘a subjective view of essential nature’, and you regard this as a
shortcoming. But I am coming more and more to feel that in certain senses
science is purely subjective—we cannot do anything but impose the framework of
the human mind upon the objects of our thought.83
Arber again used the reasoning that it was uncompelling from the standpoint of
determining the truth to accept the phylogenetic perspective on convenience just because
it would make interpretation easier.
Personally, I do not now think that to say that the phylloclade of Ruscus is a
shoot structure in which the prophyll predominates, means that one supposes it
was ancestrally a shoot. It can be convincingly the equivalent of a shoot, without
in its ancestry having ever passed through any phase in which it was more
obviously a shot than it is now.84
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Arber also defended her use of Spinoza’s thought, noting that it was not made irrelevant
by the advent of modern evolutionary theories. For Arber, Spinoza described the
persistence of the organism “in its own being,” not the continuation of a species through
heredity. Underlying all of this however was that Arber had been becoming “profoundly
sceptical about evolution.” Even so, her skepticism did not lead her to any easy answers,
though she continued to search for them.
In her reply, Browne agreed that having complete knowledge of evolution was
unlikely. 85 This, however, did not dissuade her from thinking that a phylogenetic
approach was more useful than that of pure morphology. She wrote that the phylogenetic
view “if carefully + honestly used give a means of obtaining an insight into origins. I
think that the abstract conception of morphology is also useful; but I think that it
increases the amount of distortion from reality likely to occur.” Rather than the term
morphology, Browne suggested Aber use a different word which would capture “the
‘wholeness’ of the part or thing + perhaps including its biochemistry.” Despite Browne’s
protests, Arber continued to develop the partial-shoot theory in terms of pure morphology
and looked for historical precedent.
In the introductory essay to her translation of Goethe’s Metamorphosis, Arber
connected the author to the partial-shoot theory, noting that he approached it indirectly
when he suggested that the stem was a leaf in his notes and identified compound leaves
as branches. 86 It was because Goethe’s thought did not go far enough, did not go beyond
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the leaf as a fundamental type, that he did not reach the partial-shoot theory. For Goethe,
the leaf could not be described in terms of any other form. In Arber’s words, if Goethe
had been able to push his thought further, he might have realized the fundamental nature
of the shoot in relation to the leaf so that the leaf was not explained in terms of itself but
in terms of the shoot.
As Arber further developed the partial-shoot theory in her The Natural Philosophy
of Plant Form, she started by drawing out more of its history, finding antecedents in the
Rome physicians, Andrea Cesalpino (1519-1603) and Marcello Malpighi (1628-1694)
along with more recent views like those of Casimir de Candolle and Troll. 87 She followed
the differing traditions viewing the stem and leaf as separate morphological units and
those viewing them as a combined unit in the shoot. Placing the traditions side by side
betrayed a perspectival subjectivity in which Arber found positive value. As she
explained, “Each way of contemplating the plant—provided it is a genuine and logical
attempt to interpret well-attested facts—may have something of its own to offer, and what
we need is a synthetic standpoint, combining the advantages of methods of analysis,
which are usually treated as antagonistic.” Arber wanted to move beyond this initial
difference of perspectives and integrate the broadness of the shoot hypothesis with the
“sharpness of the distinction” that came from viewing leaf and stem separately. This
synthesis treated the “shoot as a primary unit” that had “absorbed into itself such truth as
is to be found in the concept of the antithesis of stem and leaf.” It had the effect of
explaining both foliar and floral organs as “incomplete” branching systems. Arber’s
87 Arber,
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synthesis was also historical, accounting for both Goethe’s view that floral organs were
modified leaves and Thomas’s view emphasizing the difference between floral and foliar
organs.
Despite some doubt on the actual relationship between leaves and floral organs,
Arber saw that much recent work had verified Goethe’s original insight on the matter
more generally. 88 However they still needed to be worked out in greater detail. Arber
related Goethe’s insight to the partial-shoot theory by refining his thought further by
comparing a flower to a permanently infantile vegetative shoot. Goethe’s pairing of
leaves with bracts and sepals was more straightforward and obvious to her
contemporaries, but less so after the calyx. At that point, Arber followed the “affinity”
Goethe found between petals and stamens by seeing them as parts of a “corollaandroecium system” made up the male floral parts. The polarity within this system
moved between the vegetative, in the petals, and the reproductive, in the stamens. The
petals, from a broader perspective, transitioned between these two aspects of the plant
body as a whole. Goethe’s view of the female reproductive parts, the carpels, was more
straightforward and acceptable to contemporary tastes.
After laying out the historical and philosophical basis of her theory, Arber turned
to the botanical evidence. 89 This included comparing the ontogeny and vasculature of
leaves with shoots. Arber was careful to differentiate between the geometrical characters
of leaf and shoot as well, noting the former was dorsoventral, or “two-dimensional,” and
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the latter radially symmetrical, or “three-dimensional,” though a few exceptions like
bladderworts served to bridge the two. Arber described dorsiventrality as “actual” in the
leaf and “potential” or “implicit” in the shoot. Radiality was the opposite, actual in the
shoot and potential in the leaf.
Arber also demonstrated how leaves tend to “dominate” their parent shoot.90
Arber found that the urge of the leaf towards a whole shoot was a specific instance of a
more general tendency of “lateral structures to assume the character of the parent.”91 The
tendency towards being a whole shoot was also demonstrated in instances where leaves
continue to produce further vegetative structures, as with cabbages and tomatoes, so that
the tendency towards becoming a whole shoot is “latent rather than absent” as leaves can
be induced to root. Radial, stem-like, tendencies of leaves also appeared, in cabbage, for
example, and in the petiole and cylindrical monocotyledonous leaves. Compound leaves
illustrated most clearly the tendency of leaves towards a whole shoot.
Arber also accounted for the root with the partial-shoot theory, attempting to get
beyond Goethe’s relative dismissal of the root despite describing it as a metamorphosis of
the leaf, one which absorbed water. Arber followed this suggestion and described the root
as a variation of the partial-shoot, though in a way that differed from the leaves. For
Arber, “the entire plant body would thus consist of shoots and partial-shoots, so that we
reach a unified conception of the construction of the plant as a whole.” Under this
framework, Arber succeeded in using the concept of the partial-shoot to create analogous,
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non-phylogenetic, relationships between fundamental organs of the plant body: leaf,
stem, and root. Arber’s development of the partial-shoot theory was not only similar to
Goethe’s metamorphosis of plants in that it tied the whole plant together, but it was
methodologically similar Goethe’s larger approach to investigations of nature by
incorporating historical and philosophical perspectives to make her arguments, thus
accounting for subjectivity in her scientific work.

Translating Goethe
The prominent place Arber increasingly gave to Goethe over the course of her
career culminated in her translation of and introduction to his Metamorphosis of Plants.92
This was Arber’s most in-depth historical study and it not only helped Arber
contextualize her own work historically and philosophically, but also provided her with
an individual to study who paralleled her own multifaceted interests, pursuits, and skills.
One direct similarity was Arber penning a short account of “My Botanical History,”
reminiscent of Goethe’s “History of my Botanical Studies,” at the end of one of her
notebooks in 1916, before she had developed a strong interest in Goethe. 93 While a
transdisciplinary approach to botany was something Arber had in common with Goethe,
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she also had a significant interest in Goethe himself. But, like many aspects of Arber’s
thought, this interest was something that developed over time.
Arber’s interest in Goethe can be traced back to her reading of Isabel T. Lublin’s
Primer of German Literature in 1898.94 Lublin placed Goethe within the Sturm und
Drang period of German literature, which, in Arber’s notes, was “a great revolution” in
poetry. While Lublin did refer to Goethe’s interest in science, Arber’s notes focused on
him as a poet and dramatist. Arber glossed over Goethe’s interests in the natural world
except in one area where she noted that during his trip to Italy, Goethe’s attitude towards
art shifted. She wrote, “The true principle of Art he found, not in the slavish copying of
commonplace nature, but in the classical idealizing which robes an exalted subject in the
most perfect form.” Lublin, Arber also noted, when comparing Goethe to Schiller, who
she described as an idealist, was a realist.
As Arber’s interest in Goethe’s botanical thought grew over the course of her
career, it overlapped with her bibliophilia. In 1932, she shared with D’Arcy Thompson
the excitement of that crossover and her unpublished translation.
I have just to my great joy got the 1831 edition of Goethe’s ‘Versuch die
Metamorphoses der Pflanzen fur [sic] Erklaren’ - the one he had prepared under
his own eye with a corresponding French version - for 4/6 from Wheldon and
Wesley. I should of course have a much better loved the first edition of 1790 but
that I imagine it is rare and expensive. We have 2 copies of different issues both
1790 in the Univ. Lib. I have the greatest admiration for the little book and last
summer I made a complete translation of it, and tried to get some publisher to
take it with an Introduction (it is quite a small thing) and with a few illustrations
since found in the Goethe house at Weimar, which he had prepared for another
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but never used + which I got permission to reproduce. But neither Cambridge
Press nor anyone else I tried would look at it. I was rather depressed about it at
the time, but I have got over it now, for I feel I have got a really clear notion of
his thought (as distinct from what later people think he thought) and that is worth
a great deal. 95
In the meantime, Arber continued to draw on Goethe as both an ally and foil to support
her botanical theories. It would be fourteen more years, 1946, until Arber’s translation
and accompanying essay was finally published.
Arber’s introductory essay to her translation of Goethe’s Metamorphosis stressed
the importance of understanding Goethe’s morphological work in the context of his
thought and work as a “whole,” as they were “so completely integrated.” 96 Others who
had assessed Goethe’s scientific thought had not taken this approach. To illustrate this,
Arber placed the evaluation of Goethe's scientific work along a spectrum of “regret,” that
he ventured into such territory, and of central importance to his life’s work. The more
critical voices included J. G. Robertson (1867–1933), Professor of German Language and
Literature at the University of London, who suggested Goethe's science was “a crime
against the majesty of his poetic genius” and Oxford physiologist Charles Sherrington
(1857-1952) who said, “We're it not for Goethe's poetry, surely it is true to say we should
not trouble about his science.” 97 For a more positive assessment of Goethe's science,
Arber had to turn to Troll who Arber described as having “a fully reasoned study of
Goethe's morphology,” and that “the centre and focal point of his whole mental life is to
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be sought in his scientific writings.”98 Troll also credited Goethe with founding
morphology as a science, while Sherrington dismissed Goethe's work as “not part of
botany today.”
Arber also placed Goethe within a more thorough-going historical context than
other botanists had previously. This included Goethe’s own biographical relationship with
botany. Arber used Goethe’s broader thought and life to justify why he originally parted
with Linnaeus.99 She also pinpointed his Metamorphosis not merely to his travels in Italy,
but to “the meditations which began to take shape beside the palm tree at Padua.” In this
broader historical context, Arber argued against Goethe’s originality of interpreting floral
organs as metamorphosed leaves, noting the prior cases of Theophrastus, Nehemiah
Grew, Marcello Malpighi, and C. F. Wolff.100 What differentiated Goethe was that the
ideas he put forward in Metatmorphosis “alone succeeded in developing into a unified
organic whole, by adjusting them to the living framework of his thought.” Only Goethe
connected organs by metamorphosis which was not unidirectional. This made
Metamorphose a “minor classic.” Despite this, Arber was happy that Goethe did not have
time to write a sequel.
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Harvard University Press, 1916), used seed leaf to describe the corolla; Nehemiah Grew,
The Anatomy of Vegetables Begun: With a General Account of Vegetation Founded
Thereon (London: S. Hickman, 1672), described sepals and petals as leaves; Marcello
Malpighi, Anatome Plantarum: Cui Subjungitur Appendix (Londini: Impensis J. Martyn,
1675) described the intermediary forms between the petals and stamens of roses as
leaves; Caspar Friedrich Wolff, De Formatione Intestinorum (1768) calyx, pericarp,
petals and stems were all modified leaves.
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Arber’s happiness was due to her own critiques of Goethe’s shortcomings as a
botanist, shortcomings she traced to his artistic temperament. 101 According to Arber,
Goethe traded “artistic economy” for scientific thoroughness as he avoided perennials,
monocotyledons, and the root, and instead focused on dicotyledonous organs attached to
the stem. Goethe's attitude towards Metamorphosis reflected this as he saw it “as having
the finality of a work of art, rather than the provisional character of a work of science.”
For Arber, Goethe failed to value detailed specialization, both in artistic activity and as a
characteristic of scientific work. Also, Goethe's foray into the spiral tendency of plants, or
phyllotaxis, was far afield from what had developed within botany since.
Arber linked Goethe’s efforts in plant morphology to her own broader
philosophical pursuits which she would later develop more fully: Goethe’s “desire” to
“resolve the antithesis between the Many and the One—a desire which is the keynote to
the whole of his biological work.”102 Goethe’s approach of describing the Many in terms
of the One was, however, characteristic of his position as an artist as it tipped towards
unity. This was different from Arber’s that sought a balance between the Many and the
One. Goethe was able to bring unity with symbolic interpretations of his own
experiences. Arber attributed Goethe’s use of symbolic interpretations to his awareness of
Anschauung, which, she described as “midway between sensuous perceptions reached
through bodily sight, and the abstract conceptions of the intellect.” This allowed Goethe
to “‘see,’ as it were, the solution of a problem.” Arber noted that for most biologists, this
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was a rare occurrence, but for Goethe it was a common mode of thinking. This mode was
the way towards reconciling the abstract and the sensuous, a reconciliation beyond the
usual bounds of science.
The most common recognition of Goethe’s symbolic interpretations was in regard
to his type concept, which the advent of Darwinism had turned into a phylogenetic
concept. Arber did not read Goethe's type, which was only implicit in Metamorphosis, of
Urbild, Urtier, and Urpflanze, as ancestral. Arber also disagreed that Goethe's type was
similar to Plato's form or idea. Whatever the best way to understand Goethe's type, Arber
saw it as provisional and then superseded by the partial-shoot hypothesis, the pursuit of
which he abandoned once the type-perspective became prominent. For Goethe, the type
unlocked not only biological knowledge but knowledge of the world in general, as he
applied it to humans and landscapes, bringing universality to his method of symbolic
interpretations.
The response to Goethe’s Botany was positive. While it was not published
immediately, Arber still found early readers. One was her brother, the Cambridge
Professor of Greek Donald Robertson (1885-1961) who had recently published a
translation of Apuleius’s Metamorphoses.103 Robertson “read it with great interest” and
found Arber’s translation “excellent,” while also suggesting a few revisions. Robertson
told Arber, “Your Introduction seems to me quite extraordinarily good. You have such an
unique grasp of the real character of what Goethe is dealing with, together with such a
Donald S. Robertson to Agnes Arber, September 17, 1946 in Agnes Arber, Johann
Wolfgang von Goethe, and Georg Christoph Tobler, “Goethe’s Botany,” trans. Agnes
Robertson Arber, Chronica Botanica 10, no. 2 (1946): 63–124; Apuleius, Les
Méthamorphoses, trans. D. S Robertson and P Vallette (Paris: Les belles lettres, 1940).
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deep understanding of his mind” and that “There is a queue (Liton, Holds, Martin, Cecil)
waiting to read it.” That queue grew longer after its publication as Arber received more
letters of encouragement. 104
Laurence Pickens (1909-2007), a zoologist at Cambridge, was particularly
grateful that Arber spoke out against the view of Goethe put forward by Sherrington. 105
Pickens told Arber that when he read Sherrington’s lecture, “I had the feeling of someone
known to me personally being insulted and belittled… the attack was so palpably unjust
and so mean-spirited.” Pickens thought that since Sherrington himself was respected as a
scientist, but a poor poet, he had attacked Goethe, who was a respected poet, for being a
bad scientist to make up for his own “personal feeling of inadequacy as a poet.” Pickens
confessed, “My guess may well be wrong; but there was unmistakeable personal animus
in S.’s lecture, such as can only arise from a conflict of personalities.” Others agreed that
Arber’s advocacy, by way of Goethe, for a more holistic approach to biology was sorely
needed.106
More thorough reviews followed. University of Manchester botanist C. W.
Wardlaw (1901-1985), an important figure in the mathematical morphology covered in
Chapter 5, also praised Arber’s essay and translation in a Nature review.107 Wardlaw
Paul Richards to Agnes Arber, October 7, 1946, ARA #53 Box 1, Al 12.
Laurence Pickens to Agnes Arber, September 30, 1946, ARA #53 Box 1, Al 13.
106 Letter to Agnes Arber, October 20, 1946, ARA #53 Box 1, Al 14.
“I am delighted to have a copy of your papers on Goethe’s Botany. Someone ought to do
the same for his animal morphology.
“There is much need for a synthetic and holistic view of living things such as Goethe’s.
“I have just come back from Oxford where I attended the inaugural lecture given by
Goodrich’s successor, A. C. Hardy, an old friend of mine. He has come out strongly as an
anti-mechanist, and should be a powerful influence in the right direction.”
107 C. W. Wardlaw, “Goethe’s Botany,” Nature 158, no. 4023 (December 7, 1946): 808–9.
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stressed both the importance of Goethe’s Metamorphosis and the difficulty of finding
some of the few English translations already in existence. Not only did Arber provide a
“critical translation,” but she had also written an “all too short” introduction that on the
development and relevance of Goethe’s essay. In another review, the German scholar
Elizabeth M. Wilkinson (1909-2001) at University College London laid out how difficult
it was to approach Goethe’s science, especially for scientists, since it could not be
separated from the rest of his work.108 On the other hand, Goethe’s science was difficult
for the non-scientist to approach because of its scientific nature. This explained Arber’s
frustration in not finding anyone, scientist or literary scholar, who had given a proper
assessment of Goethe’s work as a whole. The best circumstance would be the
collaboration of a literary scholar and a scientist. For Wilkinson, Arber “provided us with
the very next best thing; for her workmanlike account of Goethe's botany never loses
sight of the larger whole of his creative thought—a model combination of specialist
technique with breadth of vision.”
Arber appreciated Wilkinson’s review. This “relieved” Wilkinson since she had
used her review to criticize other literary scholars, especially her teacher J. G. Robertson,
who did not account for Goethe’s scientific writings and merely focused on his literary
output.109 Wilkinson called for collaboration among literary scholars and scientists
because “The solution cannot always be Goethe’s” because the “universality” of his
thought could only be approached by a few. Arber may have been one of those few, as
Elizabeth M. Wilkinson, “Goethe’s Botany by Agnes Arber,” The Modern Language
Review 43, no. 4 (1948): 556–58.
109 Elizabeth M. Wilkinson to Agnes Arber, March 11, 1949 in Arber, Goethe’s Botany,
interleaved.
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Wilkinson told her, “I think you have blended specialisation + universality in a
marvellous way.”
After her essay and translation had been published, Goethe continued to make
prominent appearances in Arber’s work. In The Natural Philosophy of Plant Form Arber
placed Goethe into more historical context while largely repeating much of what she had
said previously in Goethe’s Botany, especially around the leaf. One variation appeared in
her assessment of Schiller’s criticism of Goethe’s type.110 Arber came to see the criticism
as more applicable to Goethe’s subsequent interpreters than to Goethe himself. As an
idea, the existence of the type in the mind made sense. The danger, which Schiller
pointed out, was in making the ideal sensual. Goethe avoided this, however, by seeing the
type as supersensible, which was still bound to the sensible.
Despite her introduction to Goethe as a dramatist, Arber’s interest in Goethe as
subject of historical research focused largely on his scientific work. And though Arber’s
work brought out those that sympathized with Goethe’ perspective, his work offered her a
holistic alternative to active trends in biology and science with a strong methodological
and philosophical grounding. As Arber developed her thinking along these lines later in
her career, Goethe moved more into the background. Arber’s larger system of thought,
while uniquely her own, resonated with Goethe’s as it emphasized bringing unity to a
broken world through an emphasis on the relation of perception and thinking within and
beyond science.
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Unity through Analogies
Analogies offered Arber one way of bringing about unity in thought. Arber had
been introduced to analogies by her mentor, Sargant.111 Sargant gained her appreciation
for analogies from the theologian Bishop Joseph Butler (1692-1752) and she saw in them
the nearest form of thinking to a morphological argument. Arber recognized that more
mathematically inclined botanists and biologists may not consider analogy a form of
proof as it did not provide a high degree of certainty but only some amount of probability.
Tracing this unease to a more fundamental difference in scientific disciplines and
methodologies, Arber concluded that those who preferred the reasoning of physics and
chemistry would likely scoff at analogies. But morphology was a style of thought
particularly suited to biological subjects, and analogies fit in well.
Arber’s interest in analogical arguments grew during her career leading her to
explore their use in other areas of science in a 1944 essay.112 There she identified
“likeness and similitude” as underlying classification, probability, and abstract thought.
Analogies were so fundamental because they implied a relativity where comparison was
the only path to certainty. Examples, particularly in botany, included Nehemiah Grew’s
comparative anatomy, along with the temporal comparisons of Goethe and A. P. de
Candolle. These sorts of comparisons, however, lessened after Darwin.

111 Arber,

Monocotyledons, 9; also see The Mind and the Eye and The Manifold and the
One.
112 Agnes Arber, “Analogy in the History of Science,” in Studies and Essays in the
History of Science and Learning Offered in Homage to George Sarton on the Occasion of
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Arber’s enthusiasm for analogies was tempered by their potential shortcomings,
specifically when they were unable to keep the proper balance between identity and nonidentity. To guard against cases of over-identification, or “irreversible comparisons,”
where one object was treated as a standard, Arber suggested that, rather than using the
common form of “A is like B” when constructing analogies, a more appropriate form
would be to say that “A and B are alike,” which avoided making claims to identity.
Where analogies became identities, as they had with animal-plant comparisons and the
microcosm-macrocosm analogy, it led to the downfall of those ideas. Lack of identity
also weakened analogies as with Lamarck’s comparison of the individual to larger groups
that neglected to include the inheritance of acquired characteristics. Darwin’s analogy
between natural and artificial selection had similar issues. Arber summed up the
precarious nature of analogies, noting that when they maintained their integrity, they were
very productive. But taking them as definitive could obscure their imperfect nature.
Induction demonstrated the debt of science to analogy even further. Arber
described how the English utilitarian philosopher John Stuart Mill (1806-1873)
understood analogical arguments to be as powerful as inductive ones. But a dissonance
between how scientists thought in analogies while working and how they presented their
conclusions in other forms, like induction, was troubling to Arber in that it obscured the
role analogies had always played in science. Since scientists had to present their thought
as if they worked it out inductively, they could not admit to themselves how important
analogies were to them.
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Arber later revised her ideas on the role of analogies for her 1954 book The Mind
and the Eye, gearing it more towards practices within biology.113 There she began using
analogical arguments more and more. One case was in her delineation of the different
stages of truth biologists passed through. These included correspondent truths as facts
about the world, coherent truths that accounted for the intellectual context of claims, and
truths that transcended the inherent duality between these two. Each type of truth went
through a process of development that also connected them. Arber thought it important
not to discard each stage as one progressed in their thinking on a subject. Arber used an
analogy to explain this, likening scientific truths to organisms which transform at each
developmental stage until they pass away and are replaced by their offspring
Analogies also helped Arber illuminate fundamental debates within biology by
making comparisons with art. An analogy between an art piece and a biological organism
clarified the difference between transcendent and immanent perspectives. The difference,
however, was only superficial as the analogy opened up a more basic view that the proper
analogy between an organism and a work of art included the artist as well. This was so
because, like an organism, a work of art and the artist form a unit which contains both the
entity and the final cause. Separating an organism from its final cause was similar to
separating a work of art from the artist.114 The analogy between art and biology also had
methodological implications.
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Teaching the Mind to See
Like Goethe, Arber saw a strong relationship between art and science in how they
dealt with perception and thought. Arber’s emphasis on observation came out of her
lifelong relationship to art. As she wrote D’Arcy Thompson, “my father, who is an artist,
is an enthusiast about ‘learning to draw is learning to see.’”115 Arber developed her
methodological thoughts on biology along these lines as it was largely visual work
dependent on a relationship between the “Mind and Eye.”116 The usual emphasis by
philosophers on this relationship focused on the role of the mind in vision. Arber, as a
biologist, saw the need to give equal weight to the role of vision in thought. Along with
this recognition, which Kant and the English poet and philosopher Samuel Taylor
Coleridge (1772-1834) had also emphasized, was that thought could not be totally
independent, or “abstract,” unless it freed itself from this visual element. Arber softened
Coleridge’s analogy of the eye acting as a despot ruling over the mind by suggesting the
eye was “the ‘junior partner’ of the mind—the partner to whose vitality the firm owes
much of its vigour.” Proper biological training happened where the eye worked to
“discipline” the mind.
The intermediary between vision and abstract thought was “pictorial imagery,” or
in Kant’s terminology, mental images.117 Conceptualizing this intermediary helped to link
sense and thought rather than demarcate the two as philosophers in the past had done
with conceptual frameworks like primary and secondary qualities. Kant, in his synthesis,
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identified not only mental images representing perceptions, but also “schemata” as a class
of mental images more closely related to abstract thought, such as the triangle, something
Arber understood as similar to abstract art. This sort of thinking was particularly relevant
to biological thinking, but the emphasis on grounding biological thought in physics and
chemistry had excluded such thinking which was more akin to “a symbolic model,
fashioned by the mind from materials supplied by the eye.” This fashioning was an
active, not a passive process. As Arber put it, “we see through the eyes, rather than with
them.”
Botanical illustrations were also highly symbolic and schematic. As “an
interpretation rather than a representation,” illustrations offered the biologist an
alternative “to the narrowing influence of an inadequate verbal framework” by
communicating an “unanalysed meaning,” something similar to “artistic expression.”118
This unanalyzed meaning left open space for the formation of a stronger connection of
the observer to the observed based in emotion. Arber described it as a “faint hint of such
self-identification with the living thing which he is attempting to depict.… When this
latent power is awakened, drawing becomes an intensified form of visual perception, in
which the pencil, as well as the hand and the eye, is organically one with the brain.” As
Arber understood this feeling, it was not mere projection, but rather the overcoming of an
anthropocentric point of view which would obscure the potential of achieving a “mind
that becomes one with what it sees” and overcoming the subject-object divide as
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Goethe’s own scientific efforts had attempted to do. This union was the balance between
well-trained vision and thought.
The clearest example of a successful balance of the mind and the eye Arber found
in her own discipline of plant morphology, particularly the tradition rooted in Goethe’s
metamorphosis of plants. Arber suggested the link between art and biology was a
fundamental disposition of human engagement with the world, similar to that recognized
in mathematics and music. This was apparent in the Goethean tradition of plant
morphology that included her contemporary in Germany, Troll.
The adherents of his school regard the concept of the flower (in the Gestalt
sense), not as a totality of parts united according to a certain plan of organization,
but as the totality of the flower itself, as it appears to the eye. The eye, in this
connexion, dominates discursive reasoning. The approach here is through
Goethe’s Anschauung, a term which has no equivalent in our language, but which
may be interpreted as intuitive knowledge gained directly through contemplation
of the visual aspect.119
Anschauung lived in Arber’s pictorial imagery, Kant’s mental image.
Art not only shared perceptual and reflective practices with biology, it also
suggested a less definitive relationship to truth. Arber observed that the expectation that
scientists end their writings with “a neat summary, readily comprehensible, and easy to
remember” was leading to a “sacrifice of truth” since these statements did not carry the
more honest tone of the “inconclusive” nature of scientific conclusions.120 Arber
suggested a dialectical framework, where such conclusions could be grouped and framed
within “antithetic pairs.” Such practices were welcome among artists, and Arber thought
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biologists should be similarly open to a variety of approaches. Within this milieu, Arber
found her own antithetic pair, where variety in perspectives came together in the unity of
thought.
A dialectic approach to thought that synthesized theses and antitheses suggested
by comparisons with art had further implications for biologists by pointing out additional
polar relationships. Relevant to biologists’ thinking were modes of thought that appeared
to be in opposition, like form and function.121 Another was mechanistic and teleological
viewpoints. Arber attributed the affinity of one over the other as being due to subjective
preferences in the types of questions one asked. Those focusing on “How?” tended to
take a mechanistic perspective while those asking “Why?” adopted a teleological
perspective. Arber identified a danger here. When two perspectives of analysis were
taken in differing directions, like the mechanistic and teleological perspectives, it became
too difficult to ultimately integrate their conclusions back into a coherent whole.
Biologists were also familiar with polarities in the objects of their research. Most
fundamentally organisms were “polarized in one directional sense towards the Whole,
and in the other directional sense towards the core of its own innermost being.” 122 One
example of this was the “antithetic stages” within a plant of vegetation and reproduction,
the former characterized by self-maintenance, the latter by maintenance of the group.
Polarities of this kind, which were more phenomenal than purely intellectual, lent
themselves to reconciliation through Coleridge’s “coincidence of contraries” where
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opposites “each fused into a unity in the world of thought, to which the mind has the
key.” The unity created through this fusion did not erase the duality of the pair into
monism, but included them in a more inclusive conception. Goethe’s notion of a “rhythm
of tension and release” did similar work.
Arber weighed in on more traditionally philosophical areas of dualism, such as
mind and body, seeking a fusion that would make sense of them as well. Arber identified
the mind broadly as including not only abstract reasoning, but also mental activity
connected with the senses. Expanding on Spinoza’s conception of the unity of the body
and the mind, Arber described this unity as an instance of the polarity of the One and the
Many.
Perhaps we may modify Spinoza’s view so far as to think of the body as the
individual considered under the aspect of multiplicity, since the body may be
seen, from one standpoint, as consisting of component parts whose structural and
functional variety beggars description; we should the regard the mind as the
individual contemplated under the contrasting aspect of unity. 123
The “organic relatedness” of the body further drove home its unity. The body was the
individual in time, the mind the individual in eternity which included “all
multifariousness and all temporality.” This polarity of mind and body also related to the
theoretical polarity between mechanistic and vitalistic theories which Arber synthesized
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in the organismic perspective, a point-of-view worked out by her contemporaries in the
Cambridge Theoretical Biology Club.124
The elements of truth in both these views are recognized, and their opposition is
resolved in the organismal approach to the living creature. This approach is
conditioned by the belief that the vital co-ordination of structures and processes
is not due to an alien entelechy, but is an integral part of the living system itself.
This notion has kinship with Spinoza’s doctrine of the conatus, or urge of the
creature towards self-maintenance. 125
Identifying the organism as the central object of biological investigation set up a new
polarity, that between the organism and the environment. This relationship is also one of
“co-ordination” so that even separating the organism from the environment became an
impossibility for Arber.
Arber’s interest in art accompanied her as she explored the relationship between
perception and thought in morphology and science more generally. As a polarity with a
synthesis like those found in living organisms, the understanding of the relationship
between perception and thought led Arber to investigate more philosophical polarities
and apply what she had learned, taking her into philosophical debates. The more
polarities she saw, the more unity Arber was able to uncover through synthesis. Like
Goethe, she looked for ways to bring together a world atomized by the dominance of the

Erik L. Peterson, The Life Organic: The Theoretical Biology Club and the Roots of
Epigenetics (Pittsburgh: University of Pittsburgh Press, 2017). While Arber does not
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Russell’s (1887-1954) organismic view, which was “a sane compromise between the
exclusively analytical and the exclusively synthetic positions.” Russell’s work was
zoological and Arber hoped someone would produce a botanical treatment along
Russellian lines.
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mechanistic metaphor within scientific thinking. The increasing sense of unity provided
under these methods produced a larger structure for Arber to consider as she thought
about the relationships of the relationships. This line of thinking, rooted in her early
morphological training, led Arber to explore the realm of mysticism for her final book.

Between the One, the Many, and the Mystics
Arber’s interest in mysticism had a close connection with her daughter, the
geologist Muriel Arber (1913-2004). In April of 1915, Arber wrote Sargant to ask her
advice on what sort of religious education she should give Muriel. Sargant agreed with
Arber’s husband, the paleontologist E. A. Newell-Arber (1870-1918), that the Church of
England was philosophically open enough and valued “beauty of expression and
reverence” that it could make a suitable educational institution for Muriel. However,
Sargant said that since Arber was not a Christian, and in rejecting its creed and belief in
immortality “even anti-Christian,” she should not draw on it to raise her daughter.
Sargant counseled Arber,
you could not be what you are if there were not some sufficient inspiration in your
soul to flower in your life. One is not good long from habit. What is that
inspiration? and how are you to communicate it to Muriel? I suppose that is what
you have to find out. In my language it is the grace of God.126
Sargant’s advice that Arber search out her own inspirations seems to have stuck with
Arber through much of her life.
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The relationship between mother and daughter which Sargant encouraged in her
former student and Arber’s own contemplations bore fruit later as Arber’s philosophical
and mystical works. In her preface to The Natural Philosophy of Plant Form, Arber wrote
of her and Muriel’s continual discussions “about ‘why things are, and that sort of
thing’.”127 In The Manifold and the One, Arber wrote, “Finally I wish to record how
much I owe to joint ‘hammering out’ of day-to-day experience and of the ideas that come
our way with my daughter Muriel—a process which at its happiest moments yields
enkindling sparks.”128 Arber’s inspiration, which Sargant had suggested she explore,
moved her to peer deeper into her own processes, finding that not only did morphological
thinking have commonalities with art, but with mysticism as well. As Sargant’s
identification of Arber’s agnosticism suggested, this was not always her attitude.
In 1918 after the passing of both Sargant and her husband, Arber reached out to
D’Arcy Thompson.129 Thompson offered his consolations, which Arber was happy to
have, but she also could not help but take issue with his dualistic invocation of a life both
before and after death since she herself had “no metaphysics.” Arber held an emergent
view of life writing that fate and love demonstrated “only the consummation of that
harmony which guides molecules in their dance in a baby’s air-balloon.” But Arber’s
claim to having no metaphysics would not hold her entire life.
Arber’s journals and commonplace books from her youth demonstrate her wide
and sustained interest in literature, poetry, and philosophy. This likely primed her for her
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later metaphysical thinking. Poets who appear in her commonplace books include W.
Drummond, William Wordsworth, Lord Byron, Charlotte Bronte, Emily Bronte and
William Blake, as well as passages from Virginia Woolf.130 Her readings in the
philosophy of biology included Thompson’s On Growth and Form, E. S. Russell’s Form
and Function, and a translation of Bergson’s Creative Evolution.131 In the mid-1930s
Arber began reading about Quakerism and mysticism including William C. Braithwaite’s
The Beginnings of Quakerism (1923) and Rufus M. Jones Studies in Mystical Religion
from which Arber quoted Albertus Magnus, Meister Eckhart, Tauler, Boehme, George
Fox and many others.132 During this period, Arber also began attending Quaker meetings
with Muriel.133 At the same time Arber’s work took a strong theoretical turn.
In 1934, while finishing her work on The Gramineae, Arber wrote in her diary,
I am coming to the conclusion that I must make the morphology book my next
Arbeit [work]. I have been rather fighting against this idea, but I believe it is the
right one… I feel much happier now that I feel the morph. book is the thing to
attempt. But it is not an easy cause. I knew I could make a useful book on the
grasses: it is a different thing to tackle a book of a more theoretical type.134
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That summer, she began working on drawings for the book. In 1936, Arber applied for
and was awarded a Fellowship from the Leverhulme Trust. In her application she
described how “modern biology seems to one to suffer seriously from the lack of a
metaphysical approach. During the last six years, as a step towards the clarifying of my
own thoughts, I have been trying to study the philosophical basis of biology.” She began
writing on October 7, 1941, but the war interfered with the printing of her book. By the
summer of 1947, Arber again thought the book was finished, but the backlog created by
the war had slowed the process down. Arber tried to look on the bright side and that the
delay had given her the opportunity to further revise the book with a more critical eye. 135
When it finally did go through press, Arber recognized that her morphological ideas had
changed significantly since Monocotyledons in 1925 and The Natural Philosophy of
Plant Form would reflect that.136
Those changes in her thoughts on morphology spilled over into ideas about
biological research more generally. In 1948, Arber began laying out a scheme for The
Mind and the Eye and began writing the following year.137 Arber described how her work
in plant morphology had led her more and more to think about scientific thought in
general and how it related to other areas of human activity. From this, she realized “how
little I, as a biologist, could actually justify, or even, indeed, understand, the nature of the
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basic assumptions and modes of argument which, in accordance with scientific tradition,
I was taking simply as ‘given.’”138 Not accepting this given, Arber wanted to explore the
philosophical foundations of science for herself, but she was not always sure that she
wanted to publish her own thoughts on the matter.
When her brother, Donald Robertson, read the final version, he wrote Arber, “I
finished ‘The Mind and the Eye’ last night, + my admiration only increased all the way
through. It would have been a crime to suppress it. You must get the sequel done too!”139
The “sequel,” The Manifold and the One, soon followed as Arber had already begun
working out an outline on October 21, 1953. 140 Arber seemed to have found that the
inspiration Sargant had suggested she explore ran much deeper, stretching back to
childhood.
I still remember vividly the glow of emotion aroused in me as a child by the idea
—which I discovered inside myself and treasured as my very own—that all such
qualities as justice, love, and truth, are in reality one… Year after year the mystery
of Unity and the Manifold has held its place in the background of my mind,
gradually becoming so insistent that I was impelled irresistibly to try to approach
it along various lines.141
Rather than a critical discourse that focused on the use of language, Arber turned to “the
work of those who have won some degree of creative understanding” to “search most
hopefully for clues to the inner meaning of the problems of the One and the Manifold.”
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This included philosophers, poets, and seers who drew on the entirety of their intellectual
and emotional capacities.
One such thinker was Goethe. Unlike her earlier references to him in a
morphological setting, in this instance Goethe was a poet and thinker, someone with a
“dramatic mode of thought,” just as he was when she first read about him. 142 Goethe
“never saw anything from one side only and in whom a thesis immediately aroused the
thought of its antithesis” and saw “coincidence of contraries everywhere.” Arber also
speculated that Goethe may have preferred the thought of the Upanishads over
Neoplatonists because the former presented a flatter ontology inclusive of the “Absolute”
and its “inferior” effects. Unlike the Neoplatonists, Goethe and the Upanishads both
recognized the “positive value of finitude.” While Arber sought out a different kind of
thinking than that normally applied in science, she still placed analogical arguments in a
prominent place as they offered the potential of synthesizing apparently disparate
perspectives.
To achieve synthesized forms which were brought together by analogies, Arber
offered the methods of meditation and contemplation. As a “comprehensive and critical
review” of one’s own reasoning process and its conclusions, meditation became a general
mode of thought for contemplating the analogies one developed in the act of
investigation.143 Meditation brought about a unification in thought that transcended the
serial nature of time. A further synthesis, the Unio mystica, of these more abstract
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intellectual thoughts with the concrete emotions that accompanied them was possible in
contemplation. Following Plotinus and Dante, Arber called this “mystic love” which “is
the fulfillment of knowledge.”
Before approaching the mystical forms of contemplation in The Manifold and the
One, in The Mind and the Eye Arber grounded her ideas in more practical scientific
activities. There, Arber outlined six phases of research with contemplation taking the
final position.144 The first phase was to find or formulate a question followed by
observation and experimentation to collect facts for oneself. The third phase was the
interpretation of the facts and evaluating whether or not they fit within existing scientific
knowledge. If the facts did not fit with existing knowledge, either the conclusions had to
be reassessed by redoing the observations and experiments or one would need to carry
out a “reconstruction of the framework” into which the facts were to fit. The next phase
involved testing the validity of the one’s conclusions and establishing their truth before
finally communicating these conclusions to the research community.
While it occupied the sixth and final phase, contemplation actually occurred at all
stages of research as it involved establishing the broader context of the biologist’s
findings within human thought.145 Contemplation helped biologists assess and revise their
thoughts and conclusions as needed. An important part of this was for the biologists to
evaluate their own thought process and how it related to the broader intellectual context
of their time, thus reaching the philosophical underpinnings of their work. Doing this
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involved recognizing polarities within biological thought and synthesizing them in order
to avoid any dogmatic views. Doing so brought biologists nearer to philosophy, a
discipline that had already provided its services to the study of living things.
As she had done with biological thought in The Mind and the Eye, in The
Manifold and the One, Arber laid out a way to evaluate mystical modes of thought.
There, Arber cautioned against the “pseudo-mystical” which arose from those unable to
separate their memories and their desires for visions from actual visions.146 At center,
Arber saw the mystical mode of experience built upon “reasoned thought and emotional
consciousness” while also synthesizing the two through long effort so that one passes
between “the perception of the Many into the conception of Unity.” The integration of
this experience produced an experience of “docta ignorantia,” or learned ignorance, by
suggesting something beyond thought. Together with sensual perception this could give
rise to θεωρία, or theory, as the form of “contemplative seeing.”147 Arber also called this
point, “intuition, an inclusive mode of the mind that consisted of rational and non-rational
elements which sees all simultaneously, and is able to recoginse the true Infinity, Cause
of Itself”148 This unified experience was that of the One.
The One held deep implications for science as its most basic assumption. The idea
of the One for the scientist took the form of the assumption of the unity and uniformity of
nature that made research possible. For the scientist, this was not a postulate but a
hypothesis subject to continual experimental testing.149 The scientist then could approach
146 Arber,
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some comprehension of the One. The concept of the One, however, was more
approachable for Arber through the methods of mysticism. For Arber’s purposes, “the
mystical experience may be defined as that direct and unmediated contemplation which is
characterised by a peculiarly intense awareness of a Whole as the Unity of all things.”
While mysticism had gained an unsavory reputation, Arber hoped to rehabilitate it as a
more rigorous form of knowledge. One point to support this was the near universality of
the mystical experiences beyond religious and cultural contexts. This pointed to
mysticism, be it symbolic, visual, or written as “perhaps the ultimate human expression
of the nexus formed from age to age and from race to race by the minds of those who are
capable of penetrating beneath the surface of life—the ‘Brethren of Reality.’” Arber’s
form of mysticism would ultimately rest on similar ground to pure morphology. Both had
a fundamental urge to synthesize their subject matter. Both also shared a common
methodology in the use of analogies.
Arber’s outline of how to assess mystical experiences and biological research
programs led her to establish a fine distinction between science and philosophy based on
two conceptions of truth: correspondence and coherence. When biologists worked
directly with their observations, trying to represent them accurately, they were within the
realm of the correspondence theory of truth. 150 Correspondence brought out the objective
aspect of truth, but neglected the subjective aspect. Learning and debate helped to give
the truth a subjective quality without abandoning its objective aspect. What made truth
subjective was the vantage point of the individual with their own interests and tendencies
150 Arber,
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of thought. Expanding this subjectivity to include multiple perspectives led to the other
side of truth: coherent truth.151
In the context of coherence, the truth gained increasing levels of context with each
expansion containing that which was prior to it. Within the framework of the coherence
doctrine, scientific truths are functionally relative since, in establishing coherence, they
exist in an expansive network that exceeds the limits of comprehension as it comes closer
to encompassing all of reality. Thus, following Spinoza, errors were merely the “privation
of knowledge” due to the incomprehensible nature of reality, not an essential quality.152
This view of truth as something never coherently complete explained the history of
science as attachments to particular perspectives during certain periods of time and
illustrated that scientists were working from partial truths. Even the synthesis of such
incomplete truths would, however, only lead to other incomplete truths.
As each had their own type of truth, with science taking on the duties of
correspondent truths and philosophy coherent truths, Arber could clearly distinguish the
goals and processes of each.
The aim of science is to find answers to questions which it sets itself; it has
specific ends which it hopes gradually to achieve, and in this process it is
inclined to shake itself free from each stage when it has arrived at the next.
Metaphysics, on the other hand, does not expect such clear-cut specific results;
its aim is the absorption and synthesis of all the phases experienced in the
attempted passage towards an unattainable goal. The whole body of intellection
when thus integrated is at last able to enter into an incandescent fusion with
‘feeling’ (this term being used in the widest possible connotation).153
This Arber took from Spinoza’s later work. This type of truth was akin to Hegel’s
Warheit, or “that truth in which the thought content is in agreement with its own essential
character.”
152 Ibid., 71-73.
153 Arber, The Manifold and the One, 64.
151
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The ultimate aim for Arber was to synthesize these two truths: one reached by science
and one by mysticism. Spinoza had done this in his Ethics where, in the transcendence of
their duality, truth became the standard for itself by no longer causing doubt. This was a
“direct apprehension” of the truth and natural philosophy was the best discipline to
approach the middle ground of science and philosophy, as it brought together the more
strictly scientific methods of physics and chemistry with their emphasis on
correspondence, with the coherence of philosophy.
After she had finished her publication career, Arber maintained an interest in
accounts of mystical thought, especially when they related to Goethe and botany. One
such instance was the publication of Ronald Grey’s Goethe the Alchemist.154 In an
unpublished review, Arber disagreed with Gray’s interpretation of Goethe as an
alchemist.155 She critiqued Gray’s thesis from both sides, targeting his presentation of
Goethe and mysticism. For one, she emphasized Goethe’s “considered condemnation” of
alchemy, to which even Gray had made reference. Arber also critiqued Gray’s
characterization of alchemy as a coherent “religion.” For Arber, it was a hodgepodge of
elements from Neo-Platonism, other mystical traditions, and empiricism. This somewhat
promising mix was then “diluted with muddled magic.” Gray did not appear, in Arber’s
view, to have been acquainted with the historical mystical antecedents of alchemy. He
also was not familiar with Goethe’s own thought as he over attributed Goethe’s emphasis
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on the “Unity of all things” and “bipolarity and the tension of opposites” to alchemy.
Arber noted that Goethe more likely gained these concepts from his reading of Plotinus
and other ancient philosophers rather than the Lutheran mystic Jakob Boehme
(1575-1624)—Gray’s connecting thread between Goethe and alchemy—even though, as
Arber pointed out, Gray only found one reference to him by Goethe. To round out it all,
Gray demonstrated no familiarity with plants. “Gray’s diagram would indeed have
shocked Goethe; it looks as though Gray had never in his life looked at a plant with a
seeing eye.” Arber also doubted Gray’s assertion that Goethe believed in magic,
explaining Gray’s evidence drew on Goethe’s “mental play,” which was very different
from his actual beliefs.
Over the course of her life, Arber’s own beliefs had changed. Her botanical
training at the end of the nineteenth century presented her with a discipline under the
sway of Darwinism. In her early work, Arber had applied a Darwinian perspective, even
interpreting Goethe as a proto-evolutionist. Corresponding with D’Arcy Thompson
presented a challenge to Arber’s views, one that she was ready to take on by examining
more closely her own views on evolution. A similar challenge regarding her metaphysical
and religious beliefs came from her mentor Sargant at around the same time. As Arber
worked out the foundations of her morphological thought by distinguishing pure and
applied morphology, she continued to press on to more fundamental questions, bringing
with her the polarity of perception and thought and analogical arguments from her
morphological practices. Along the way, sometimes more and sometimes less, Goethe’s
thought also served as an inspiration.
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Arber and Goethe were similar in many ways. They both used their talents for
history and philosophy to inform their scientific practices and understandings. Both saw a
strong connection between art and science. Both drew on mystical traditions to inform
their broader worldview. On this last point, they also differed. While Goethe worked to
rationalize what he had learned from mystical traditions into a larger view of a unified
nature, Arber approached them directly on their own terms, amplifying their
identification of experiences of unity in thought that overcame the discontinuity
presented to the senses.
The following chapter presents a development within twentieth-century
morphology that at first appears at odds with Goethe as it centers on the use of
mathematics, a topic Arber rarely commented upon. That it covers individuals like
D’Arcy Thompson and C. W. Wardlaw who made an appearance in the present chapter
may lessen this initial dissonance. That mathematical morphology had an initial
connection to art may lessen it even more so. In contrast to the present chapter, Goethe
himself is less present, making his most significant appearances at the beginning and end
of the century. Arber demonstrated a case where Goethe was both strongly present and
resonant with her thought. The following chapter emphasizes Goethe’s resonance with
the reappearance of the familiar themes of historical awareness, an interest in
metaphysics, and a striving to unify the forms of nature.
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Chapter 5 - The Mathematics of Morphology

D’Arcy Wentworth Thompson’s (1860-1948) On Growth and Form referred to
Goethe’s morphology as “but a portion of that wider Science of Form assumed by matter
under all aspects and conditions, and in a sense, with forms which are theoretically
imaginable.” 1 Thompson’s impetus to develop a science of form would be taken up midcentury by the Manchester mathematician and computer scientist Alan Turing
(1912-1954). Evelyn Fox Keller identifies Thompson and Turing as mechanical
morphologists who brought mathematics to bear on living forms as had been done with
inorganic phenomenon.2 Rather than relying on the uniqueness of genetic relationships,
mechanical morphologists used mathematics to identify commonalities of form between
organic and inorganic phenomenon. Keller’s characterization of Thompson and Turing
points to their work as a counterexample, in a way that is different from Agnes Arber, to
Peter Bowler’s evolutionary morphology, which Hugh Hamshaw Thomas and other new
morphologist fit into more readily. 3 Furthermore, Keller’s reading of Thompson and
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Turing places them closer to the Enlightenment ideals Goethe criticized in his history of
the Royal Society, ideals also used to argue against the relevance of Goethe’s science by
some twentieth-century scientists and historians. More recently, Maurizio Esposito finds
reason to place Thompson within a larger Romantic tradition within biology that stretches
into the middle of the twentieth century.4 In Goethe and Thompson, Esposito finds a
shared vision of organismal unity, particularly through their takes on the interrelatedness
of the parts of the animal organism. The difficulty of locating Thompson squarely within
an Enlightenment or Romantic tradition provides an opportunity to see how far Goethe’s
morphology and ideas of organic unity could stretch.
Thompson referred to Goethe far less than his contemporaries Arber (Chapter 4)
and George Adams (Chapter 6). Nonetheless, On Growth and Form is a significant
source for mapping Goethe’s impact on twentieth-century morphology in the areas of
mathematical, or geometrical, morphology. Thompson regarded Goethe as important for
establishing morphology as a discipline and, as suggested by his statement above, aided
his own geometrical expansion of morphological science. Thompson’s courses in botany
and natural history at Edinburgh University also laid the groundwork for his science of
form by providing an understanding of science unified by the search for and description
of the effects of physical forces on all types of matter. Although his primary interests
were zoological, botanical subjects, including his correspondence with Arber, played a
significant role in Thompson’s thought. Later iterations of the application of mathematics
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to morphology, like that of Turing, would not refer to Goethe.5 However, other
morphologists grouped Goethe, Thompson, Arber, and Turing together as part of a single
morphological tradition that maintained organic bodily unity.6 Thompson and subsequent
mathematical morphology exhibited the potential range of impact Goethe had in the
twentieth century and the possibility of moving his thought in novel directions by linking
it with geometry.

The Little Book
Thompson first suggested that he could write what would become On Growth and
Form in December of 1910 to Albert Charles Seward, Professor of Botany at Cambridge,
who had invited Thompson to write a small book on whales for a book series for general
readers. The idea of writing about whales did not appeal to Thompson, because, as he
wrote Seward, “I am half afraid of making them talk like little fishes!”7 As an alternative,
Thompson wrote,
I have had an idea in my head for a long time of a little book with some such title
as ‘The Form of Organisms’, or ‘Growth and Form’. The book would treat, in so
5 A.
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far as space and my own powers permitted, of the physical elements in
Morphology, the balance of internal and external forces, the cell free and under
pressure, the relation of one leaf form to another, the logarithmic spiral of the
Snail and of the Ram’s horn, the shapes of eggs, some elementary problems of
strength, rigidity and locomotion, and so forth.8
The book was to be “a little book” which Thompson could finish no “sooner than say six
or eight months hence.” However, due to Thompson’s poor health and exhaustion, it took
seven years for the book to see publication.
In the meantime, on December 7, 1914, Thompson delivered a paper on
morphology and mathematics to the Royal Society of Edinburgh where he was soon
elected a Fellow.9 Thompson’s goal was to move morphology towards a more analytical
and precise approach provided by the economical mathematical concept of form. This
analysis of form could then lead to the identification of previously unrecognized
homologies. For Thompson, a form was a “diagram of forces in equilibrium”
demonstrating dynamic relationships. A comparison of forms thus revealed
developmental transformations and the size and direction of these forces. From these
comparisons, Thompson concluded that there were insurmountable boundaries between
certain organic types, like vertebrates and invertebrates, and that a “principle of
discontinuity” was present in biological classifications. Thompson’s saltationist
perspective, which had come out in his correspondence with Arber as discussed in
Chapter 4, was not an argument against evolution, but it was an argument against Charles
Darwin’s conception of continual variation.
Ibid.
D’Arcy Thompson, “Morphology and Mathematics,” Transactions of the Royal Society
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Figure 8. Diagrams from On Growth and Form (1942) demonstrating deformation.
Thompson championed using mathematics to describe the inorganic world and
then applied the same methods to the organic world. Multiple forces came into play to
give from to inorganic bodies, like gravity and surface tension in drops of water, and the
same was the case for an organic body. Thompson also recognized that the mathematical
idealizations and organic forms would not always match. In fact, it was this level of
disagreement that Thompson saw as the most significant way to begin describing in detail
the complex “field of force” behind the form of an organism.
In order to begin revealing the various fields of force, Thompson turned to a basic
Cartesian coordinate grid system. By overlaying a coordinate grid on an organic form,
Thompson aligned specific points of the grid and the form. Through a process of
“deformation” of the entire grid, the form becomes similarly deformed as the aligned
points remain in sync. The organic deformation thus followed the same mathematical
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Figure 9. Diagrams from On Growth and Form (1917) illustrating the use of radial
coordinates.
transformations of the grid’s deformation.10 Some of the more simple mathematical
deformations Thompson identified were uniform extension or compression, “tapering” or
logarithmic extension, and shearing (Figure 8).
Thompson used radial coordinates to describe a further type of deformation that
occurred around a nodal point, using botanical subjects to illustrate their use (Figure 9).
Radial coordinates were most useful in situations where there was one point of
transformation with minimal to no deformation, such as a node (not to be confused with
the botanical term identifying the points of leaf growth on a stem) around which growth
occurred symmetrically. The typical case here was that of dicotyledonous leaves which
had growth velocities that were radial and tangential. This growth from the center and at
the periphery of the leaf Thompson described by radial coordinates. Altering the ratio
between the two growth velocities described lanceolate, ovate, and cordate leaf forms.
When Thompson’s used this paper for the final chapter of On Growth and Form, this
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Figure 10. Diagrams from On Growth and Form (1942) demonstrating the use of
polar equations.
section on radial coordinates was relatively brief in the 1917 edition. Thompson
expanded upon it for the 1942 edition by introducing the use of polar equations (Figure
10).
In May of 1915, Thompson finally wrote Seward that he was seeking a publisher
for his “little book,” which had by then had become 450 pages.11 This was still short of
the first edition which stretched to 793 pages. Thompson also sent a list of eleven
chapters. The only chapter Thompson said he needed to finish was that on the logarithmic
spiral. In the end, he would add six other chapters to the final version, one of which was
on phyllotaxis, the book’s only exclusively botanical chapter and an apparent extension
of the chapter on the logarithmic spiral which dealt more with zoological examples, as
did most of On Growth and Form. Thompson’s training in zoology at Cambridge and
much of his subsequent research since being at the University of Dundee made this the
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case. And this zoological work is how Thompson has largely been remembered.12 Yet,
botanists have frequently referred to Thompson’s work as well.13
In On Growth and Form, Thompson discussed the rhythmical growth of
Spirogyra and the rate of longitudinal growth of bean roots.14 Plants, like equisetum,
offered alternative ways of looking at growth, based not in changes in length or mass, but
in the number of leaves per whorl that in turn followed a logarithmic ratio. Thompson
also discussed how the growth rate of plants was affected by temperature, light, the
amount of water taken up, and growth promoting substances like “auximones.”15 Plant
cells became special cases that differed from animals cells in Thompson’s chapters on
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Crystallographic Study of Vertebrate Otoliths,” Biological Bulletin 125, no. 3 (1963):
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cell and tissue structure. For instance, Sachs’s Rule described how new cell walls formed
at right-angles to existing cell walls. Liverwort and algae illustrated cell division of
discoid forms which developed spiral patterns. The division of stomata cells
demonstrated the unequal division of the original cell.16 Further botanical examples
included the torsion of the twining and twisting stems of climbing plants, similar to that
found in an antelope horn.17 Thompson’s most in-depth treatment of a botanical subject
was phyllotaxis.
While writing the chapter on phyllotaxis, Thompson told the University of
Dundee physicist William Peddie (1861-1946),
I have also been much delighted to discover a little, short old paper of Tait’s on
Phyllotaxis, the immediate result of which has been the cause of my tearing up
most of what I had already written upon that subject. He puts the whole matter in
a nutshell, but at the same time he deals with some matters, such as ‘last
convergents’, etc,. which I find it mighty hard to explain in simple language.18
The Edinburgh University physicist Peter Guthrie Tait (1831-1901) had been inspired to
write his short article on phyllotaxis after viewing his Edinburgh colleague and botanist
Alexander Dickson’s (1836-1887) “beautifully mounted specimens” of plant samples.19
Tait was overwhelmed by the work of others on the subject, so he sought to present “the
elements of the matter as simply and intelligibly” as possible by determining the
divergence angle of leaf arrangements. The influences of Tait and Dickson were
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significant contributing factors to Thompson’s approach to phyllotaxis and in On Growth
and Form more generally.

An Edinburgh Education
At Edinburgh University Thompson was a student of both Tait and Dickson
between 1877 and 1879. Thompson’s student notes suggest the larger themes later taken
up in On Growth and Form. Thompson’s notes from Tait’s natural philosophy course
presented a broad framework of how to apply mathematics and physics to the natural
world, opening with “Nat. Philosophy deals with everything in Nature that is lifeless and
also with a great deal that has life, or ‘the science of matter and energy.’”20 Tait’s
emphasis on the use of mathematics and the concepts of force, motion, and position in
explaining matter and energy coincided with Thompson’s central motivation for On
Growth and Form without Tait ever directly describing how these concepts could apply
to biological subjects.
Thompson also took Dickson’s course on botany. There Thompson found
reinforcement of what he had learned under Tait and considerations of how to extend the
ideas of the physical sciences to the biological realm. Dickson’s schematic step-by-step
division of the natural world began by distinguishing between organisms and nonorganisms. Among organisms were the two groups, plants and animals, differentiated by
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their chemical make-up: carbon, oxygen, and hydrogen composed plants, and animals
had the additional component of nitrogen. Into this biochemical framework, Dickson
introduced the cell. As Thompson wrote in his notes, “Every organism begins as a single
cell, Some may remain so/The cell is the standard element or unit in the organism. The
cell may be said to typify the organism.” Dickson then proceeded to build from the cell,
going into cell structure and development and how different cell types related to different
tissue types.
In a brief detour, Dickson described how tissue forms could be understood
geometrically. Parenchyma, for instance, “When found together mutually, they wd. form
dodecahedra + give an hexagon in section. It may be regular or irregular, i.e. elongated
etc.” Only after these considerations of cellular anatomy did Dickson move on to the
different organs of the plant body and their variations in form and development. There he
went through the basic form-concepts of the plant body of roots, stems, leaves, flowers,
integrating taxonomic, morphological, physiological, and anatomical discussions
throughout. In Dickson’s course, Thompson’s understanding of the plant would have
been constructed from the chemical level upwards, through the cells, tissues, and organs
with reference to geometrical patterns along the way. Additionally, in Dickson’s course,
Thompson received an introduction to phyllotaxis and made several sketches of it, likely
utilizing the displays that had inspired Tait (Figure 11).
In the original 1917 edition of On Growth and Form, Thompson laid out two
typical approaches to phyllotaxis which he concluded were actually identical. One view
looked at arrangement along a central axis, as in the leaves on a stem or the scales on a fir
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Figure 11. Sketches from Thompson’s notes for Dickson’s botany course. Courtesy
of University of St. Andrews Library Special Collections.
cone. Another way viewed the arrangement on a plane, as in the inflorescence of a
sunflower. While the two approaches were debated as to which was better, Thompson
argued, “as a matter of fact they are, both mathematically and biologically, inseparable
and even identical phenomena.”21 As he clarified in the second edition of 1942, “For the
face of the sunflower is but a shortened stem, and the curves upon its surface are but the
projection on a plane of a more elongated inflorescence.”22 Removing the distinction
between axial and planar arrangements was Thompson’s first step in simplifying the
question of phyllotaxis, allowing him to move easily between each phenomenon.
Thompson’s discussion of phyllotaxis focused on axial arrangements. He
developed a basic mathematical account of the position of leaves along a stem by
distinguishing distances between two leaves “around the stem” from distances between
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them “along the stem.” With these two distances, and assuming uniformity between
leaves, Thompson described a “primary helix” among the many helices running through
each leaf. The planar case of phyllotaxis, or the presence of logarithmic spirals in floral
arrangements like the sunflower, were a “mere matter of strictly mathematical
deformation” as the helix was pressed into to a plane. The notion of deformation also
helped to describe the metamorphosis from a geometrically ideal cylindrical spiral into
what actually appeared in different plant forms.
The fir-cone may be looked upon as a cylindrical axis contracted at both ends,
until it becomes approximately an ellipsoidal solid of revolution, generated about
the long axis of the ellipse; and the semi-ellipsoidal capitulum of the teasel, the
more or less hemispherical one of the thistle, and the flattened but still convex
one of the sunflower, are all beautiful and successive deformations of what is
typically a long, conical, and all but cylindrical stem. On the other hand, every
stem as it grows out into its long cylindrical shape is but a deformation of the
little spheroidal or ellipsoidal or conical surface which was its forerunner in the
bud.23
As he had done with “Mathematics and Morphology,” Thompson used processes of
deformation to link different organic forms. He also used the idea of deformation to link
organic forms to an ideal geometrical form.
Previous authors had included the appearance of recurrent numerical patterns
observed in the arrangement of leaves and florets to discussions of phyllotaxis. 24 This led
to explanations of phyllotaxis as an expression of the Fibonacci series, or golden mean, a

Thompson, On Growth and Form (1917), 638-639.
Harry Church, On the Relation of Phyllotaxis to Mechanical Laws (London:
Williams and Northgate, 1904); Theodore Cook, The Curves of Life: Being an Account of
Spiral Formations and Their Application to Growth in Nature, to Science and to Art with
Special Reference to the Manuscripts of Leonardo Da Vinci (London: Constable and
Company, 1914).
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trope that had become common in Victorian aesthetics. 25 To help explain this, Thompson
turned to Tait’s 1870 paper, which laid out the two relationships between two leaves on a
stem; that is, tracing a line that made either a right-handed or a left-handed spiral around
the stem.26 Each produced its own angle and had a specific number of leaves, or “steps,”
in one rotation. Numbers from the Fibonacci series (like 3, 5, 8, 13, etc.) often appeared.
Thompson largely followed Tait in describing these fundamental spirals and based his
account on a diagram similar to Tait’s. Thompson fundamental spirals were those that
“run round the system, from the one leaf to the next, by the shortest way.”
Thompson elaborated on Tait’s work by connecting the steps, or leaves, along
different spirals. For this, Thompson generated his own diagram, reminiscent of those in
his notes from Dickson’s course. The simplest arrangement along these lines was exactly
two leaves per turn around the stem, giving an alternate arrangement. More than two
leaves, but less than three, gave the Fibonacci series arrangement. As Thompson summed
it up, “in the great majority of cases, we have what corresponds to an arrangement next in
order of simplicity to the simplest case of all: next, that is to say, to the arrangement
which consists of opposite and alternate leaves.” The appearance of the Fibonacci series
was then almost to be expected as it was the second simplest case.
Thompson went on to show that several spirals associated with the Fibonacci
series could be found in one arrangement of leaves. Often, however, one spiral stood out.
Thompson attributed the visibility of these spirals, not to their angular divergence, but to

Lynn Gamwell, Mathematics and Art: A Cultural History (Princeton: Princeton
University Press, 2016)
26 Tait, “On Phyllotaxis.”
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ratios of the leaves breadth and length. This demonstrated how uninteresting it was to
determine the exact angle of divergence, Tait’s central goal. Furthermore, the appearance
of the Fibonacci series was “a mathematical coincidence, devoid of biological
significance,” being only a special case of Lagrange’s theorem which stated that periodic
fractions expressed the roots of every second degree numerical equation. The only
significance the Fibonacci series may contain in a biological setting would follow the
observation of the Harvard philosopher and mathematician Chauncey Wright
(1830-1875) who noted that it would describe the most efficient distribution of leaves
around the stem since new leaves would appear above the space between the two older
ones most directly below it.27 Thompson concluded that the Fibonacci series was useless
in describing leaf arrangement as it was mere “mystical idealism.” Its usage in natural
history, however, had been an explanation of the effects of natural selection, a position
Thompson disagreed with because of his anti-Darwinian views made apparent in his
correspondence with Arber (Chapter 4).
Because of his work, Thompson became an authority on phyllotaxis and its
relation to the Fibonacci series. For example, the botanist J. H. Priestley at the University
of Leeds wrote to Thompson in March of 1933 asking him to critique a recent paper
Priestley had written on phyllotaxis that related it to the Fibonacci series. 28 Yet a much
more significant exchange dealing not only with Thompson’s treatment of phyllotaxis but
also with his treatment of other botanical subjects occurred right after the publication of

Chauncey Wright, “The Uses and Origin of the Arrangements of Leaves in Plants,”
Memoirs of the American Academy of Arts and Sciences 9, no. 2 (1873): 379–415.
28 J. H. Priestley to D’Arcy Wentworth Thompson, March 17, 1933, DWT ms 16073.
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On Growth and Form in 1917. Arber, as a part of their correspondence discussed in the
previous chapter, saw Thompson as less of an authority than Priestley as she provided her
criticisms of Thompson’s discussion of botanical subjects.

From Friendly Critique to Friendship
Because she thought On Growth and Form would become “one of the classics of
biology,” Arber felt it necessary to offer suggestions to correct the author’s cursory
arguments drawing on her perspective as a botanist, suggestions that were the most
detailed Thompson received from any botanist.29 Arber highlighted four different pages
marking areas where Thompson’s discussion needed improvement: phyllotaxis,
chromosome number, “hair” as the equivalent for “root hair,” and the existence of
centrosomes in plant cells. Arber also included extensive bibliographic notes for
Thompson to follow up on. Regarding phyllotaxis in particular, Arber read Thompson as
stating
that to see the leaves further apart length ways on the stem would have ‘a more
potent effect than any small manipulation of the “angle of divergence.”’ This
would obviously be true if the relation of the leaves to the air were, as you appear
to indicate, the crux of the matter. But I think most of the botanists who regard
phyllotaxis as adaptive, consider that its importance lies in relation to incidence
of the rays of sunlight rather than to the atmosphere. It is clear that it is the angle
of divergence which determines whether the leaves shall interfere with one
another’s light or not.

29 Agnes Arber

to D’Arcy Wentworth Thompson, December 27, 1917, DWT ms 26386.
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Arber suggested references she felt would bring Thompson up to speed on phyllotaxis
and softened her criticisms by adding “what a rare pleasure it has been to read a
biological book in which the language is so thrillingly fine.”
Thompson was receptive to Arber’s criticisms and encouraged her to send more
since he was already looking forward to updating his work for a second edition. 30
Addressing Arber’s specific points, Thompson was already aware of some of them and
would follow up on the others. He was similarly aware of some of the articles Arber
suggested, but had not heard of all of them. Thompson’s response to Arber’s suggestions
on phyllotaxis were more detailed.
I cannot remember from whom I drew the quotation about ‘distribution to the
surrounding atmosphere’; perhaps it was from Chauncey Wright himself, but I
have no longer his paper by me. In any case, I did not know what you now tell
me, that ‘incidence of sunlight’ is the factor on which the newer school of
botanists chiefly rely. The hypothesis does not command itself to me at all. It
seems to me that the refinements of phyllotaxis would give but a minute and
inappreciable increase of illumination, -if they gave any at all: that we find
phyllotaxis of the most refined and elegant kind in structure which have little
need, if any, of such direct illumination.
Thompson suggested the continuance of the hypothesis was due to no adequate
replacement being available. It may also have had something to do with his own
disposition. “I automatically reject the conventional hypotheses, and I very often find
better and better reasons for so doing as time goes on. In fact I have had to conceal more
heresies in my book than I have allowed to appear, - though, as you will doubtless admit,
it is heretical enough.” Thompson thought it best to approach science with a “healthy
scepticism,” which allowed him to “abandon the attitude of the disciple, and to ask,
30
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almost at every turn, whether what you have been told or what you are reading be not ‘all
wrong.’” As discussed in Chapter 4, Thompson’s attitude would have a profound effect
on Arber, leading her to question her own assumptions regarding evolution. But the two
also shared a love of history, something Thompson had come not to expect in his
scientific colleagues.
Thompson responded twice following Arber’s revelation that she was well versed
in the history of botany. The first was short, simply saying, “With many apologies for that
letter of mine!”31 He quickly followed with another apology.32 Thompson blamed his
ignorance on his isolation, being in a “bookless town” and his “statistical and other
official work” which took up so much of his time. But Thompson soon formed a
newfound bond with Arber over the history of science after she had shared one of her
articles with him.
I have read your little paper on Guy de la Brosse with the greatest possible
pleasure. The fact is that, when I was at Cambridge the study of the historical
aspect of science was so utterly neglected, and even derided, that I am apt to
forget that many people besides myself have found repentance in these latter
days.
Thompson sought to make amends by sending some articles of his own on the history of
science. Arber found Thompson’s historical writings wonderful, remarking, “The opening

D’Arcy Wentworth Thompson to Agnes Arber, January 5, 1918, ARA #53 Arber Box 1,
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of your school of Pythagoras review ought to be blazoned on the walls of every science
school.”33
Despite their growing bond, Arber continued to press Thompson on his
presentation of phyllotaxis thinking he had presented a straw man version of it. 34 Arber
also began critiquing Thompson’s morphological series that began with
monocotyledonous hyacinths and ended with dicotyledonous Sedum.35 Arber’s own
views were that monocotyledons and dicotyledons did not overlap morphologically as
Thompson suggested. To Arber’s point, Thompson agreed, but revealed that he was
setting up his relationships “mathematically, and by no means phylogenetically.”
Thompson saw that his presentation was inline with Arber’s thoughts as both put forward
the need for node development to occur first.
Finding an interested correspondent to discuss leaf morphology with, Arber could
not restrain herself though she tried. After sending Thompson a brief thank you for his
papers, she followed the very next day with a longer letter, going deeper into her own
phylogenetic thought.36 While she agreed with Thompson, she still could think of more
appropriate morphological series for him to present.
On thinking it over I have been wondering whether an additional (+ possibly
more satisfying) illustration might not be drawn from the leaves of Sagittaria
Sagittifolia Here the discussion of leaf form in one individual plant may range
from the ribbon leaf to the Sagittate leaf, the series of forms arising through
differing degrees of expansion of the apical region of the primordial ribbon.
33 Agnes Arber
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Figure 12. Arber’s sketch of her morphological series. Courtesy of Archives of the
Hunt Institute for Botanical Documentation.

Arber included sketches of what she had in mind (Figure 12) and explained,
This case is of special interest to me because I hold that the lamina of a
Monocotyledonous leaf, in those cases in which there is a differentiation between
petiole + blade, is not the homologue of the Dicotyledonous lamina, this has
arisen, phyletically, through the expansion of the apex of an ancestral petiloar
phyllode.
Even without the phylogenetic implications, Arber thought the Sagittaria series better
represented Thompson’s point.
Although he had to stretch his memory on his own understanding of Sagittaria,
Thompson did not find Arber’s sketch adequate.37
To the best of my recollection the difficulty lay (1) in the sharp cusps,- which of
course can never, by any mathematical process of deformation, be derived from
portions of a continuous curve by any normal process of mathematical deviation;
and (2) the fact (if I remember rightly) that the lower veins terminate in the
margins instead of being prolonged upwards to the apex. I formed the impression
that this and some other (if not all) sagittate leaves represented a portion only of
the typical leaf, somewhat as in the following diagram.

37
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Thompson concluded the whole problem was too difficult when he had first encountered
it and so he would attempt to look back into it.
Arber blamed her lack of mathematical ability for not completely understanding
Thompson’s point.38 But she continued to elaborate her own point one more time.
I take it that the veins are the determining factor in the form of the leaf, + that the
production of an oval lamina at the tip of the ribbon may be visualised as due to a
repulsion between the veins over this limited region. At first they can’t separate
from one another at the tip, but eventually the outer ones become free at the tip +
the ‘repulsion’ is so strong that these veins as it were swing round as far as they
can away from their neighbours + thus form the cusp. The relative shortness of
these cusp veins may be due to some release of tension when they cease to be
attached, as it were, at the tip of the leaf.
Arber did not think her explanation would be adequate but more in the class of “the
‘green cheese’ type of explanation” which Thompson had described earlier. While
Thompson put up resistance to Arber’s morphological series, her sketch demonstrated
some similarity to those Thompson used to illustrate the use of polar equations (Figure
13). This is no surprise as over the course of their long correspondence, which lasted to
the end of Thompson’s life, Thompson had asked Arber to contributed sketches for his
revised 1942 edition of On Growth and Form. 39 What those sketches were exactly has
been difficult to determine.
Thompson’s chapter on phyllotaxis in On Growth and Form brought him both
praise and criticism from botanists. It was a subject that fit well into his larger project of
applying Tait’s natural philosophy describing natural phenomena in terms of matter and
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Figure 13. Diagrams from On Growth and Form (1942) demonstrating the use of
polar equations.

forces. Phyllotaxis also drew upon Dickson’s lectures on botany which themselves
reinforced Tait’s natural philosophy. A chance finding of Tait’s paper on phyllotaxis only
strengthened the nexus between these different points in Thompson’s scientific career. Yet
Thompson’s chapter on phyllotaxis was not his first effort dedicated to a botanical
subject. Two major projects, one in paleobotany and the other in translating, came long
before then and further shaped his understanding, making him an authority for others
teaching botany, and almost earning him a job India.

Thompson’s Botanical Work
While taking Tait’s courses on natural philosophy during 1878 and 1879, but prior
to Dickson’s course on botany, Thompson worked on describing paleobotanical
specimens of Ulodendron and Halonia which he had access to as a result of the mining of
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bituminous oil shales around Edinburgh.40 The central question about Ulodendron at the
time was how to explain the scars that often appeared on the specimens. Prior
interpretations understood them as attachment points for leaves, cones, branches, or aerial
roots. Thompson had thought the scars best explained by cones and his own findings
initially reinforced this view.
With his paleobotanical work, as he would later do in On Growth and Form,
Thompson conceptualized the influence of internal and external forces on organismal
forms. However, the external forces in his paleobotanical work were geological. The
context Thompson placed his own findings in was that the scars observed by others so far
“vary from a circular to an oval or elliptical form” and were of various sizes. The
elliptical form of the larger scars was not due, as Thompson thought at first, to the
formation of the plant itself, but to external forces, specifically, “pressure, oblique or
lateral, during the process of fossilisation.” W. C. Williamson (1816-1895), Professor of
Botany at Manchester, suggested another possibility that the oblong forms were due to
the continued growth of the trees after the scars had originally formed. This explanation
fit well with the fact that the scars were longer along their vertical axis than upon their
horizontal axis. Thompson ultimately changed his position since the leaf scars were
similarly elongated in such cases.
Thompson's paleobotanical work illustrates his eye for detail and description as he
described the scar on his Ulodendron specimen in geometrical language. Thompson noted
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the “circular scars” and how they were “curving round in an upward direction” until they
were “directly growing outward, at right angles to the branch.” These descriptions
appeared alongside measurements of features within the scar. Thompson accompanied
these descriptions with his own drawings, though due to his “want of practice in such
work, the lithograph has lost much of the original's fine effect.”
The Ulodendron paper was an early instance of Thompson's frustrations around
publication. Thompson expected it to be published in the Royal Society of Edinburgh
Transactions. The Society, however, did not want it published with illustrations. As he
told Isaac Bayley Balfour (1853-1922), Professor of Botany at Glasgow who was then at
the Edinburgh Royal Botanic Gardens, “little though my paper may be worth even in
connection with the plates + specimens, it is worth absolutely nothing at all without them:
and in the complete absence of illustrations I shd. find it far difficult a matter to explain
my meaning + demonstrate the facts.”41 Thompson had also tried to get the paper to
Balfour earlier, but his manuscript had been in the possession of other readers. Balfour
informed Thompson that it was not “fitted for the Transactions of the Society,” but he
should supply an abstract.42 Ultimately, Thompson's work was published with his
illustrations in the Transactions of the Edinburgh Geological Society with a footnote on
the first page, informing the reader that “various causes” had delayed publication.

D’Arcy Wentworth Thompson to Isaac Bayley Balfour, January 27, 1879, DWT ms
13035.
42 Isaac Bayley Balfour to D’Arcy Wentworth Thompson, May 11, 1879, DWT ms
13033.
41

"220
Thompson would not have such problems with his next publication as the publisher
approached him.
In January 1882, after he had transferred to Cambridge, Macmillan and Company
asked Thompson to translate Herman Müller’s Die Befruchtung der Blumen for them.43
The translation was very well received and botanists reached out to Thompson praising
his bibliography of the fertilization of plants, which was the most complete at the time.
William Trelease (1857-1945), Professor of Botany at the University of Wisconsin, wrote
Thompson upon receiving a copy of the bibliography, “I am very glad to have it, and,
though I have a very full specific card index on the subject, I know that your index to
papers will be very useful to me.”44 Trelease passed along some of his own bibliographic
notes as well.
Thompson’s translation also offered him an opportunity to make connections
between idealistic and Darwinistic explanations of natural phenomena that would take on
a different connotation in his later discussion with Arber. In fact, because of the book’s
importance for his theory of natural selection, Darwin wrote the introduction to the
translation. Such an association was likely a source of excitement for the young natural
historian. In his interleaved copy, Thompson noted the significance of natural selection in
the relation of the form of flowers and insects. The Berlin theologian and naturalist
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Christian Konrad Sprengel (1750-1816) had pointed to the importance of the mimicry of
form, color, and scent to attract insect pollinators under a teleological framework. Natural
selection placed his observations into a new framework. Thompson had marked in his
copy how Darwin’s “theory showed for the first time the full value of Sprengel’s work,
and caused his book, which had been forgotten for seventy years, to play a prominent part
in the investigation of the prime causes which determine the forms of flowers.”45 In this
sense, natural selection helped to justify previous observations done under a teleological
point of view and Thompson thought this was a positive thing.46
Thompson’s attitude towards Darwinism changed over the course of the next
decades. The German sociologist Max Weber (1864-1920) told Thompson that only in
England had the mimicry as an adaptation through natural selection survived. 47 On the
continent, the view was obsolete. In 1910, Thompson wrote the Cambridge geneticist R.
C. Punnett (1875-1967) that he was not caught up on the details of Mendelian
terminology, but was eager to be so because of his “profound disbelief in all the current
theories of mimicry.” Because of Weber’s statement, Thompson had come to “hope to
live long enough to see this and two or three other big bubbles burst, among them the
whole Spengel-Hermann Müller theory of flowers and insects,” which he had helped to
promote among English speakers with his translation of Müller’s book. It took time for
Hermann Müller, “Thompson’s Interleaved Copy of The Fertilisation of Flowers,”
trans. D’Arcy W. Thompson (London: Macmillan, 1883), DWT ms 42326 (b), 5.
46 See Robert J. Richards and Michael Ruse, Debating Darwin (Chicago: University of
Chicago Press, 2016) for a discussion of how far teleology itself worked its way into
Darwin’s own thought.
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Thompson to get past his ignorance of Mendelism as he discussed it with Arber ten years
later.
The reading of Arber’s Water Plants in 1920 challenged Thompson to rethink his
views on the Cambridge geneticists, particularly William Bateson (1861-1926). Arber
quoted Batson as saying that evolution could be represented by “an unpacking of an
original complex which contained within itself the whole range of diversity which living
things present.”48 Thompson did not appreciate Bateson’s Mendelism.
I have never been able to make anything of Bateson’s theory, or speculation,
quoted on p. 334. At best it seems to me only an aphorism, and to have in reality
no deeper meaning than to say that all our Literature is contained, potentially, in
the Alphabet, and all our Music in Do, Re, Mi.
Arber’s other use of Bateson, however did change his view. “Your other quotation from
Bateson, in the opening sentence of your preface, is of a different kind, and its subject
involves questions of the deepest importance.” Arber quoted Bateson, “the most eminent
of living biologists,” as calling for a turn away from seeking for the origins of general
groups like Mollusca and Dicotyledons since in the previous twenty-five years Primula
obconica had produced several new forms. Thompson expanded on Bateson’s comment
by sharing his own perspective on the recent history of evolutionary thought.
Sixty years ago, naturalists (I believe) imagined that the main line of organic
evolution, of the phylogenetic tree, would be satisfactorily ascertained without
delay, while the details would be gradually but slowly filled in. But to choose
zoological illustrations, we find as a matter of fact that we know some of the
isolated details with truly wonderful completeness, such as the descent of the
Horses or the Crocodiles; but of the main lines of the alleged tree of the origin of
48 Agnes Arber,
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such great limbs or branches as the Coelenterates, the Worms or Vertebrates, to
this day, we know amazingly little, and very possibly nothing at all. This is really
an astonishing thing, a thing with no satisfactory explanation, a real mystery of
evolution and classification.
Thompson’s analogy with mathematics and his invocation of Cuvier’s types discussed in
Chapter 4 drove his point further. The Darwinism expressed in his translation of Müller
had receded far into the past, and his mathematical morphology was one way to make a
counter argument.
When Thompson had finished his translation of Müller, he pursued botanical
posts overseas. An important connection in this matter was William Thistelton-Dyer
(1843-1928), who at the time of his correspondence with Thompson was Assistant
Director of the Royal Botanic Gardens at Kew and in 1885 became Director. 49 Joseph
Dalton Hooker (1817-1911) had selected Thistleton-Dyer as Assistant Director in 1875, a
position that had not been filled since 1865, to oversee the expanding colonial work being
done at Kew. It was in this capacity that Thompson had been in correspondence with
Thistleton-Dyer.
By June of 1883, Thompson had already met with Thistleton-Dyer to discuss
possible appointments in India.50 Thistelton-Dyer suggested that an appointment in
Madras might have been a possibility for Thompson, but it fell through. Others followed.
Thistelton-Dyer cautiously encouraged Thompson, “I can't guarantee appointments but I
am always glad to know of good men who are willing to accept them.” In order to
“Sir William Turner Thiselton-Dyer, 1843-1928,” Bulletin of Miscellaneous
Information (Royal Botanic Gardens, Kew) 1929, no. 3 (1929): 65–75.
50 William Turner Thiselton-Dyer to D’Arcy Wentworth Thompson, June 10, 1883, DWT
ms 23313.
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maintain high qualifications for a post, Thistleton-Dyer told Thompson that “scientific
training pursued for it's own sake is the best qualification," but also to “pay some
attention to systematic botany as that is a great qualification for posts abroad.” At this,
Thompson sent a copy of his translation of Müller, which Thistleton-Dyer thought
“exceedingly well done.” 51 Later, Thistleton-Dyer heaped more praise on Thompson's
translation, calling it
an admirable rendering of a classical book. And you have an especial value with
this English edition by the excellent and useful bibliography which you added.
Had you done nothing more than this you wd. have increased it’s [sic] genuine
value to English speaking students. But as I believe, this is only one of the
laborious efforts you have set yourself to on their behalf. 52
Thompson continued to press for a position, and ironically his status as a botanist ended
up disqualifying him. Thistelton-Dyer told him, “I will do the best I can. But I cannot
press your interests in this direction very far as my doing so wd. only provoke the
question why a botanist shd. take up such a matter.”53 Ultimately, Thistleton-Dyer was
happy that Thompson was being considered as a candidate for the biology chair at
Dundee at the end of 1884.54
Thompson was not the only aspirant for the Dundee post. Patrick Geddes, six
years older than the twenty-four year old Thompson, also sought it and had
recommendations from botanists Frank Young and Thompson’s former botany teacher,
William Turner Thiselton-Dyer to D’Arcy Wentworth Thompson, June 25, 1883, DWT
ms 23314.
52 William Turner Thiselton-Dyer to D’Arcy Wentworth Thompson, November 3, 1884,
DWT ms 23316.
53 William Turner Thiselton-Dyer to D’Arcy Wentworth Thompson, September 17, 1884,
DWT ms 23315.
54 Thiselton-Dyer to Thompson, November 3, 1884.
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Dickson.55 Despite his prestigious recommendations, Geddes was hurt by his religious
views and his association with the future president of the Theosophical Society, Annie
Besant (1847-1933) who had recently separated from her husband, a Vicar, and lost
custody of her daughter. Thompson was awarded the chair and maintained a close
friendship with Geddes while at Dundee. 56 Geddes wrote Thompson, “I thoroughly
recognise the contrast you urged between the two methods of Biological teaching[:] Art
and Science respectively.”57 This difference between art and science was that between the
“concrete” and the “abstract and evolutionary aspects” of biology. Geddes had found his
focus on teaching drifting too far into the scientific and asked Thompson to assist him.
I should also like you to come with me to the garden and criticise the concrete
side of my teaching, which has been growing up as a complement and antithesis
to the speculative. I have wakened to the fact that my philosophical ideals can
never be realised, nor the limitations of the type-system corrected, until one has a
better concrete discipline to offer, and I am trying to work up my concrete
treatment of buds, thorns, and primroses, with a precision comparable to that of
Bower and Vines.
Thompson and Geddes would go on to have a lifelong relationship, with Thompson
preparing an obituary for him.58
Paddy Kitchen, A Most Unsettling Person: The Life and Ideas of Patrick Geddes,
Founding Father of City Planning and Environmentalism (New York: Saturday Review
Press, 1975), p. 86-88.
56 Philip Boardman, The Worlds of Patrick Geddes: Biologist, Town Planner, ReEducator, Peace-Warrior (London: Routledge and Kegan Paul, 1978) relates how, at the
publication of Thompson’s biography by his daughter Ruth in 1958, a reader of the Times
Literary Supplement has suggested that Thompson’s and Geddes’s relationship had not
been that close despite being colleagues at Dundee. Another reader countered this point
which Ruth Thompson reinforced with an anecdote from her childhood. The scope of the
correspondence between the two available at St. Andrews and the familiarity expressed
therein suggest the latter opinion to be more accurate.
57 Patrick Geddes to D’Arcy Wentworth Thompson, May 28, 1894, DWT ms 16362.
58 D’Arcy Thompson, “Death of Sir Patrick Geddes,” May 27, 1932, DWT ms 16464.
55

"226
Though On Growth and Form has received the most attention from zoologists,
botanists took a keen interest in it as well. This was not without reason as Thompson had
been engaged in botanical subjects early in his career, with his work in paleobotany
familiarizing him with the balance of forces at play in natural forms. His translation of
and notes in Müller’s Fertilisation of Flowers demonstrates that Thompson’s antithetical
position to Darwinism had developed over two decades and was not due to the rise of
Mendelism which had brought doubt among his contemporaries. The unconventionality
of Thompson’s thinking extended to his metaphysical views as well.

The Metaphysical Ground of Thompson’s Heresies
In comparison to Arber and George Adams, Thompson’s metaphysics were never
fully on display and his broader views did not appear to clash unduly with his scientific
work. He felt that his metaphysical views did clash with those of his fellow scientists and
biologists.59 And, as he told Arber, he had concealed many “heresies” in On Growth and
Form. While Thompson sought to intimately link living and non-living matter in his
physical-chemical-mathematical morphology, he was not a strict materialist. In his
introduction to Growth and Form, Thompson did not expect his approach to adequately
account for the soul.
Consciousness is not explained to my comprehension by all the nerve-paths and
neurons of the physiologist; nor do I ask of physics how goodness shines in one
This reputation stuck with Thompson as late as Richard Dawkins, “D’Arcy Thompson
from On Growth and Form,” in The Oxford Book of Modern Science Writing, ed. Richard
Dawkins (Oxford: Oxford University Press, 2008), 69. But as time passed it was not held
against him as he was originally thought it might be.
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man’s face, and evil betrays itself in another. But of the construction and growth
and working of the body, as of all else of the earth, physical science is, in my
humble opinion, our only teacher and guide. 60
Thompson added in the 1942 edition, “I would not for the world be thought to believe
that this is the only story which Life and her Children have to tell. One does not come by
studying living things for a lifetime to suppose that physics and chemistry can account for
them all.”61 For Thompson, the limitations of his approach could not be determined a
priori, only physics itself could demonstrate its own limits.
Thompson hinted at what he thought the rest of the story to be as he discussed the
French philosopher Henri Bergson (1859-1941) in his correspondence with Geddes.
Geddes had been able to speak with Bergson in 1911 while in Paris and wanted
Thompson’s help in drawing Bergson to Scotland.62 Thompson was envious and thought
having Bergson come to speak was a good idea. His own views on Bergson’s vitalism,
however, were mixed: “Much as I admire what I have read of him, I confess that my
admiration is largely directed to his general spirit and tone, and I have difficulty in
drawing from him any very clear message, or working hypothesis.” 63 It appears that, for
Thompson, Bergson’s elan vital was a nice, but ineffective scientifically.
Thompson shared his views on science and materialism with E. S. Russel
(1887-1954) while writing On Growth and Form. Thompson had mentored Russell in
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62 Patrick Geddes to D’Arcy Wentworth Thompson, November 23, 1911, DWT ms
16399.
63 D’Arcy Wentworth Thompson to Patrick Geddes, November 25, 1911, DWT ms
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1908 at a distance as the latter carried out and wrote up research on cuttlefish while at
Glasgow University’s Embryological Laboratory.64 Thompson had read and enjoyed
Russell’s Form and Function. However, Thompson wrote, “I do not say that I agree with
you in the main or that I sympathise with the particular mode of evolution which you and
Arthur Thomson, and others are now trying to demonstrate. As a matter of fact I look
upon this new philosophy with nothing short of detestation.”65 Thompson still found
appreciation for Russell’s history of the topic, though he appreciated it more when
Russell was more “severe” in his “destructive criticisms” of the Geoffroy-Cuvier debate
and Theodor Schwann’s (1817-1911) Mikroskopische Untersuchungen and “the crude
morphology and embryology of the Haeckel - Gegenbauer - Balfour - Lankester period.”
Thompson saw his forthcoming On Growth and Form taking a perspective that Russell
had overlooked, but suggested this was because Russell would see his work as “the
grossest materialism,” a characterization Thompson would object to.
Materialisation has acquired a peculiar significance of its own and it is hardly
fair, is it, to us it as a translation of ‘physikilisch’. The Physicist who occupies
himself on his own grounds with the problems of matter and of energy is surely
not necessarily to be spoken of as a materialist. Neither, as it seems to me, is a
biologist necessarily a materialist who seeks to carry physics and chemistry as far
as ever he possibly can into both physiology and morphology.
Like his attitude towards Bergson’s vitalism, Thompson avoided fully embracing the
moniker of a materialist. The subtleties of his views attracted enough attention to arouse
interest in others to elaborate on them.
Edward Stuart Russell and D’Arcy Wentworth Thompson, February 18, 1908 to
November 13, 1909, DWT ms 14272-14316.
65 D’Arcy Wentworth Thompson to Edward Stuart Russell, December 29, 1916, DWT ms
14329.
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In 1924, the Cambridge biochemist Joseph Needham (1900-1995) approached
Thompson about writing an essay for what would become Science, Religion, and
Reality.66 Needham suggested Thompson work from the title, “The Mechanistic View of
Life: Is man a machine?” Needham approached Thompson rather than a philosopher
because he felt “it very important that this essay should be done by a scientific worker,
and not by a theorist.” Additionally, Needham understood Thompson as a “mechanist,”
thus making him an ideal candidate to write the essay. Needham quoted Thompson’s own
words from a paper delivered at an Aristotelian Society Symposium that “One maybe, I
hold, a consistent ‘mechanist’ without being by any means a ‘mere materialist.’”
Thompson agreed to write the essay, but Needham would find, as other publishers had
before, that Thompson was not one for publication deadlines.67 As they continued to pass
by, Thompson had to ultimately back out because of his health.68 Needham was
patronizingly sympathetic, “The fact that you are ill and not so young as once you were
makes it quite impossible for me to be cross. I greatly hope that with cessation of extra
work you may succeed in acquiring again a full measure of health.” Needham ended up
penning the essay himself while still holding Thompson in high esteem as he waited for
the updated edition of On Growth and Form. 69

Joseph Needham to D’Arcy Wentworth Thompson, February 28, 1924, DWT ms
15471; Joseph Needham, ed., Science, Religion and Reality (London: Sheldon Press,
1925).
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Thompson’s metaphysical views may have been handed down to him by his
father, the elder D’Arcy Thompson (1829-1902) and his natural philosophy professor,
Tait. Thompson wrote Tait’s biographer Cargill Gilston Knott in 1908, relaying that the
elder Thompson was a close friend of Tait’s. In the 1870s, Tait and Balfour Stewart
(1828-1887) were working on a book that was “whispered among the students of
Edinburgh University” would “overthrow materialism by a purely scientific argument.”70
The elder Thompson supplied the Greek verse for the book which argued that science
validated aspects of the Christian faith like immortality and miracles. Though initially
published anonymously, those in Edinburgh knew that The Unseen Universe (1875) was
the work of Tait. That anonymity only lasted a year after which Thompson was sitting in
Tait’s course.
Thompson did not appear to fully take on the views of Tait and his father, but one
reader of On Growth and Form did find a “spiritual” message in it. Herbert G. Brand of
Cambridge did not follow the details of Thompson’s mathematical explanations, but he
wrote Thompson,
The analogy of spiritual relationships to mathematical law has long appeared to
me as the only line of Evidence left to carry conviction in the present day while it
would also carry the evidence to a deeper place than that of theology wherein
demonstrations + the entities they represent have so often to be accepted as of
identical values.71
Cargill Gilston Knott, The Life and Scientific Work of Peter Guthrie Tait (Cambridge:
Cambridge University Press, 1911), 237-245; for more analysis of The Unseen Universe,
see Elizabeth Lewis, “P. G. Tait, Balfour Stewart and The Unseen Universe,” in
Mathematicians and Their Gods: Interactions between Mathematics and Religious
Beliefs, ed. Snezana Lawrence and Mark McCartney (Oxford: Oxford University Press,
2015), 213–47.
71 Herbert G. Brand to D’Arcy Wentworth Thompson, May 27, 1919, DWT ms 26393.
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The analogy extended to the laws of physics as well, as Brand linked the story of the
prodigal son to the attraction of opposites. While Thompson told Brand he would be too
busy meet him, he appeared to have responded positively to Brand’s letter and assessment
of On Growth and Form. 72 Brand wrote that Thompson
brought the proof that a good cause + a free spirit give a truer aim and that the
keenest eye’s added a little encouragement for the truth of ‘teleology.’… I have
been further confirmed in my thought that I can read an ‘immortal similitude’ in
your life’s sympathies amongst ‘biological brethren’ + mine amongst
‘theological.’
Thompson’s views certainly provided some comfort to those looking to integrate
scientific and religious views.
Another aspect of Thompson’s life that hinted at his metaphysical views was his
admission into the Metropolitan College of the Edinburgh Masonic Brotherhood in
1930.73 By signing his diploma, Thompson promised to “persecute with zeal the study of
our mysteries and to protect and defend his Brethren of the Rosy Cross when occasion
may require his services.” Thompson received many honors around this time, including
election as a Foreign Member of the American Academy of Arts and Sciences and a
Membre Correspondant of the Société de Biologie.74 Shortly after, Thompson served a
two year term as a Vice President of the Royal Society and was elected President of the
Edinburgh Mathematical Society. It may be that Thompson’s admission to the Masonic
Brotherhood was just one among many memberships he enjoyed at the time. Ultimately,
Herbert G. Brand to D’Arcy Wentworth Thompson, June 14, 1919, DWT ms 26394.
Thompson’s responses were unavailable.
73 “Rosicrucian Brotherhood Diploma,” April 15, 1930, DWT ms 46272.
74 Thompson, D’Arcy Wentworth Thompson, 194-203.
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Thompson could not keep his promise as he withdrew from active membership in the
society in 1937, though they still congratulated him upon his knighthood the following
week.75 Whatever Thompson’s connections, it appears his own metaphysical views would
not have clashed with Masonic non-denominationalism, secularism, and belief in an
immaterial soul.76
Thompson’s statements on his metaphysical views were often obtuse and less than
straightforward. Here and there he dropped hints as to their unconventionality and
inability to fit into the strict dichotomy of materialism and vitalism. In a 1911 address to
the British Association for the Advancement of Science, Thompson advocated for
physiology as a way to bring the methods of physics and chemistry into biology without
relying on a “shadowy force” like the hypotheses of vitalism or heredity.77 But as noted
above, Thompson limited the explanatory force of science to the physical. Arber’s
identification, covered in Chapter 4, of a dualism in Thompson’s thought likely comes
closest to describing Thompson’s metaphysics. As they related to his biological work,
Thompson’s views may have been closer to what Erik Peterson calls the “third way,” that
of organicism as a middle ground between materialism and vitalism.78 Thompson’s
affinity for Goethe’s statements on biological holism reinforce this.
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A Goethean Interlude
Though Goethe quickly faded from his initial prominence in Thompson’s
discussion of morphology and mathematics, he retained moderate relevance as Thompson
made other references to him in On Growth and Form. Some references placed Goethe in
a less than admirable position in relation to Thompson’s larger project. In his
introduction, as Thompson described how morphologists had been reluctant to adopt a
mathematical approach, Goethe, alongside the French mathematician Blaise Pascal
(1623-1662), represented the hesitancy to apply mathematics to living things. Like many
other scientists and historians of the twentieth century, Thompson mistakenly understood
that “Goethe, lover of nature that he was, ruled mathematics out of place in natural
history.”79 Thompson identified the main factor of this rejection as a wish to attribute
forms like the honeycomb to ingenuity rather than physical laws.
Elsewhere, Thompson deployed Goethe to back up his own mathematical points.
When discussing the maximum height a tree could grow before bending over from its
own weight, Thompson supplemented George Greenhill’s (1847-1927) ratio of diameter
to height being three to two with a quote, not from any of Goethe’s scientific writings, but
from his autobiographical Poetry and Truth, where he wrote, “It is therefore said that a
tree does not grow in the sky.”80 Goethe played a similarly positive role when Thompson
wanted to justify a holistic outlook. Goethe’s “laws of ‘compensation’” demonstrated
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how wholes were more than their parts. 81 Along these lines, the properties of a body were
more than the summed properties of its cells. He also found support in a passage from
Goethe’s forward to his morphological writings: “The living is admittedly dismantled
into elements, but out of this one can not put it back together and enliven it again.”82
While he did not exclusively do so, generally Thompson placed Goethe’s thought in a
positive light.
Like Goethe, Thompson’s work would ultimately be recognized as a source of
inspiration for biologists rather than a repository of established facts. Thompson’s broad
ranging approach to biological questions, grounded not only in the subject matter itself,
but with a strong historical background, harkened back to Goethe’s own approach to
studying the natural world. The morphogenetic work of Turing, who took Thompson’s
work a step further, left Goethe further in the distance by making no reference to him
whatsoever.83 While Turing was inspired by Thompson to apply mathematics and a
physical-chemical approach to biological questions like phyllotaxis, his methods were
much more mathematically sophisticated. Turing was a mathematician and computer
scientist, so it is not surprising he did not consider Goethe’s thought. But this
disappearance of Goethe was only temporary. Those Turing collaborated with would be
interested in Goethe. And towards the end of the twentieth century, when Turing’s work
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was taken up by biologists more seriously, references to the relevance of Goethe would
return.

Turing and Wardlaw Bring Mathematics to Botany
Turing is best known for his work with mathematics, computers, and his ideas of
artificial intelligence. His name has become associated with tests determining the
similarity of artificial intelligence communication to human communication. Turing also
had an interest in the development of plants. Keller describes Turing’s interest in plant
development as a detour inspired by his interest in artificial intelligence.84 But a sketch
by his mother of a ten-year-old Turing bending over during a field hockey game and
“watching the daisies grow” suggests Turing’s interests in the growth of plants ran
deeper.85 Turing would only return to plants in the years before his suicide, bringing to
botany a life engaged in mathematics and computers. Only one published paper came of
Turing’s interest in the morphogenesis of plants during his lifetime, but he also left
several unpublished writings that were published posthumously. 86 The botanist C. W.
Wardlaw (1901-1985), who, like Turing, was at the University of Manchester, helped
Turing in these efforts and published his own papers to bring Turing’s thought into
botanical discourse.
Keller, Making Sense of Life.
Turing, “Outline of the Development of the Daisy”; the sketch was printed in Turing,
A. M. Morphogenesis. Edited by P. T. Saunders. Vol. 3. Collected Works of A. M. Turing.
Amsterdam: North Holland, 1992, v.
86 A. M. Turing, Morphogenesis, ed. P. T. Saunders, vol. 3, Collected Works of A. M.
Turing (Amsterdam: North Holland, 1992); S. Barry Cooper and Jan Van Leeuwen, eds.,
Alan Turing: His Work and Impact (Amsterdam: Elsevier, 2013).
84
85

"236
Like Thompson, Turing knew his work was interdisciplinary and required special
considerations for non-mathematicians. Turing wanted to identify routes of mathematical
inquiry into biological phenomena suggesting, like Thompson, “that certain well-known
physical laws are sufficient to account for many of the facts.”87 Turing was also aware of
the limitations of applying mathematical methods to biology and began his 1952 paper on
morphogenesis by qualifying his model as “a simplification and an idealization, and
consequently a falsification.” In order to address the multiple audiences of his paper,
Turing classified his sections into three categories: for readers who were trained in
mathematics, for those who were not trained in mathematics but were able to understand
the mathematics of his second section, and for those who were neither trained in
mathematics nor able to understand the second section. In this way, Turing sought to
broaden his audience as much as possible.
Commonality between Thompson and Turing was evident as he attempted to
translate an organic form into something that could be treated mathematically. Recalling
Thompson’s transformation grid, Turing described the alignment of a three-dimensional
coordinate system with an organic body to establish what type of symmetry a body would
have: left-handed or right-handed. In humans the Z-axis would run head to foot, the Yaxis left to right, and the X-axis front to back. The handedness of the species was then
determined by the handedness chosen for the coordinate system, and systems would be
determined species by species. While Turing’s coordinate systems lacked the universality
of Thompson’s grid, as the systems would vary to some degree from species to species,
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they pointed towards a similar goal of overlaying geometrical coordinates onto organic
bodies.
Turing searched for possible mechanisms to explain how zygote genes determined
the anatomy of a mature organism. To do this he needed to introduce the concept of a
“morphogen,” which he defined as biochemical substances involved in morphogenesis
“reacting chemically” and “diffusing” through the larger mass of tissue.88 Though Turing
included genes within his group of morphogens, it included any substance involved in the
generation of form. With morphogens in hand, Turing used linear differential equations
with constant coefficients, like those used to describe mechanical and electrical
oscillations, to model biological phenomena like phyllotaxis.
In a move that Goethe would have likely agreed with, Turing made several moves
bringing into clear contrast the relative simplicity and ideal nature of mathematics as
compared to the complicated and messy world of biology. The linear differential
equations Turing used, which themselves had to be slightly adapted from their usual
application to mechanical and electrical oscillations by removing imaginary results,
produced solutions that would only apply to situations of indefinite growth. Turing gave
the example of the growth of a bacteria colony, which would appear, at first,
mathematically unlimited due to the abundance of food. As the food supply diminished,
however, this ideal situation would no longer be valid. This was one limitation of the
application of mathematical models generally, and more specifically his own, that Turing
wanted his readers to keep in mind.
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Another potential point of conflict between mathematics and biology was the role
of cell theory. For Turing, there were two approaches: to assume or not assume cell
theory. By assuming cell theory, one needed to “idealize” the cells “into geometrical
points” with the result that the cells’ spatial features disappeared as their individualities
became significant. Here, internal structure was the important feature. In the opposite
case of not assuming cell theory, one could emphasize the average distribution of
materials like morphogens.89 The overall effect was that relevant qualities given by the
concentrations of particular substances, or morphogens, remained relevant. The cellular
mass was treated ideally as containing only those chemically defined qualities which
could be quantified and then manipulated mathematically. Turing would seek to maintain
both perspectives in his own model.
An additional case of the less than perfect alignment of mathematics and biology
Turing outlined was the unequal distribution of left-handed and right-handed symmetry
within certain species.90 Turing explained that he could not account for this under his own
model because he needed to assume three conditions: the laws of physics, individual
zygotes, and that the bilateral symmetry of the “statistical distribution of disturbances” in
zygotes should lead to bilaterally symmetrical adult forms. To get around this obstacle,
Turing looked to the molecular level, where his morphogens resided, hoping that
asymmetry at the molecular level, as in asymmetrical chromosomes, could explain
asymmetry at the morphological level. This was still unsatisfactory for Turing since any
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effects at this level would be negligible. The only route he saw fit to take was to “find
more accurate laws concerning reactions and diffusions,” a search he spent the rest of his
paper attempting to complete.
Turing started by setting up his ideal situation: the case of a ring of similar cells
with distinct concentrations of only “two interesting morphogens” with four reaction
rates.91 Further seeking to have the mathematical meet the biological, Turing reconciled
the circumference of the ring with the chemical wavelengths of the morphogens. As
Turing described it, “one may picture the situation by supposing that the chemical wavelength is the true wave-length which is achieved whenever possible, but that on a ring it
is necessary to ‘make do’ with an approximation which divides exactly into the
circumference.” Of the six possibilities he had worked out, some led to unstable
equilibriums where cells behaved as though they were isolated from each other. Turing
identified only one of the possibilities as “of the greatest interest” due to it having the
“most biological” applications. This was the case where he was able to set the radius of
the ring such that the formula would describe stationary waves with a wavelength equal
to the morphogen’s chemical wavelength.
Turing used this case as a detailed example, but it also required many
qualifications to bring the mathematics in line with the biology. He began by assuming a
ring composed of twenty cells, each with a diameter of 0.1mm, a size larger than usual. 92
Had he modeled more than twenty cells, he would have had to abandon cell theory and
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Figure 14. Graphic representation of Turing’s tables in “The Chemical Basis of
Morphogenesis.”
treat them as a continuous tissue, an alternative he wanted to avoid. Turing also qualified
the diffusion rates of the two morphogens. The mathematical ideal was that they would
have no obstacles. Biologically, obstacles within cells and the membranes around cells
would interfere with diffusion. The membranes would be all that Turing could account
for. Turing limited most of the available energy to one substance within the cells, which
would then react with another substance with less energy. The reaction would then
produce a catalyst that could start a reaction between the two morphogens.
Out of these conditions, Turing worked out a table of eight different possible
scenarios of morphogen concentration for the twenty cells using the Manchester
University Computer (Figure 14). Four columns showed one type of the “imaginary
organism” demonstrating an initial and final pattern.93 The initial pattern showed evenly
distributed concentrations overall and of each morphogens in particular spread across the
twenty cells. The final pattern showed clusters of cells containing more of both
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morphogens than other cells, while some cells contained a predominant number of only
one morphogen, leaving a definitively rhythmic pattern across the twenty cells. While
Turing felt he had demonstrated the mathematics behind his thinking, he still felt that the
“chemical reactions system is somewhat artificial” and offered a set of more realistic
chemical conditions that would require more complicated mathematics.
Turing’s paper on morphogenesis described a general case of a ring of cells. One
possible application was to describe phyllotaxis by taking the ring as cross section of a
cylindrical stem.94 Turing explored this case in an unfinished examination of the
development of the daisy, the same flower he had examined as a ten year-old during his
field hockey match. Turing’s assumption in his unpublished paper of a pattern developing
within a ring as a section of a cylinder recalled his earlier published paper and expanded
upon it. His description of the development of a daisy moved quickly between
morphological features and considerations of chemistry, linking the two with morphogen
concentration.95
Towards the end of this paper, Turing ran into a situation where his assumptions
could not hold, leading him to abandon any application of mathematics as it had become
“hopelessly impracticable.” 96 He then gave a more speculative chemical account within
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the parameters of this morphogen theory to describe the appearance of the many florets
within the capitulum of the daisy.
In the regions of high concentration of one of the morphogens, growth is
accelerated, and subsequently florets appear. Also, the chemical pattern begins to
spread inwards towards the apex, and the florets follow it. The wave length of
course remains essentially unaltered during this inward movement, therefore, as
the apex is approached the parastichy [or secondary helices’] numbers fall,
producing the usual disc pattern, possibly with some irregularity at the very
centre. There may be still be some growth of the capitulum itself, but the pattern
can no longer adjust itself to keep the wavelength constant. Either the chemical
pattern has lost all its importance and gives way to the relatively unchangeable
anatomical pattern or else secretions from the new structures ensure that the
wavelengths of the chemical pattern increases with that of the anatomical pattern.
With this, Turing extended Thompson’s project. Thompson had sought to use
mathematics, physics, and chemistry to explain the biological world, but with phyllotaxis
his discussion was limited to mathematics alone. Turing provided a path to incorporate
chemistry into the understanding of phyllotaxis.
Beyond Turing’s unpublished work on plant morphogenesis, he also worked
closely with Wardlaw. The two met to discuss how to treat the morphogenesis of plants in
a more mathematical way. After Turing’s paper was published, Wardlaw began placing
Turing’s work and theory into a more complete botanical setting by addressing botanists
directly with specific cases. 97 At the level of terminology, Wardlaw related Turing’s work
specifically to that of Arber.98 In his comparison, Wardlaw noted that Arber used the
C. W. Wardlaw, “A Commentary on Turing’s Diffusion-Reaction Theory of
Morphogenesis,” New Phytologist 52, no. 1 (February 1953): 40–47; C. W. Wardlaw,
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concept of “form” to describe the “shape” of organisms and their parts, but more recent
discussions used the term “pattern.” Wardlaw saw this shift in terminology helpful as
pattern allowed for the possibility of repetition more so than form did while also retaining
Arber’s broad sense of the term form.
Wardlaw further contextualized Turing’s work for botanists by connecting him to
Thompson. He summarized Turing’s work as advancing “a theory, based on a
mathematical study of diffusion-reaction systems” and its application to problems of
morphogenesis.99 This approach was not new as it was “closely akin” to Thompson’s
since both made “use of well-known laws of physical chemistry… to account for many of
the facts of morphogenesis.” According to Wardlaw, Turing and Thompson’s approaches
held in common their aversion to teleological and vitalistic perspectives of an organism
since both did not posit any undiscovered physical laws, describing the interaction of
physical forces and organisms as a “special kind of system—invariably a very complex
one.” By connecting Turing’s work to that of accepted botanists and biologists, Wardlaw
strove to make him more approachable.
Botanists also needed some convincing on Turing’s opposing basic assumptions
around cell theory. Invoking past botanists like Hofmeister and de Bary, Wardlaw
reminded his audience that others had looked at tissues more holistically. At the same
time, Turing was not neglecting the more recent disciplinary advancements that described
detailed physiological processes, including genetics. Wardlaw asked his readers to
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tentatively accept Turing’s theory, hoping, even if it was in error, it “may stimulate the
formulation of other, alternative physico-chemical theories of morphogenesis.”
After Turing’s suicide in 1954, Wardlaw continued to urge botanists to follow
Turing’s path. One paper described how “Turing's theory, if it can be justified, may
account for such phenomena as polarity, whorled and fibonacci phyllotaxis, the radiate
differentiation of tissues in the root-stele, and so on.”100 Wardlaw’s main aim here was to
test Turing’s work with specific instances of the development of leaf primordia giving
several possible plant species to investigate along with relevant completed studies.101 As
he explained, “The validation of the theory will require evidence (i) that diffusionreaction systems are actually present in the meristems of plants, and (ii) that these
systems operate in such a way as to yield a patternized distribution of metabolites.”
Wardlaw continued along this line of work, drawing on both Turing and Thompson,
particularly advocating that Turing’s theory had been the only one to then explain how an
initially homogenous system could develop regular patterns and, ultimately,
morphological features.102
Wardlaw’s efforts were not in vain. Eventually botanists began to take up Turing’s
ideas and analyze them for themselves.103 Very often botanists placed Turing’s

Wardlaw, “Evidence Relating to the Diffusion-Reaction Theory of Morphogenesis,”
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103 G. Ledyard Stebbins, “Comparative Aspects of Plant Morphogenesis: A Cellular,
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morphogenetic thought within a tradition that not only included Thompson and Arber, but
in some cases, Goethe as well. While Wardlaw did not make this link explicitly, other
interests hinted at its possibility as his own thoughts on Goethe had moved from critical
to congenial by the work of Arber.

The Return of Goethe
Ten years before working with Turing, Wardlaw described Goethe’s appearance in
the “early development” of botanical science in a way that gave Goethe little credit.
Goethe, for Wardlaw, was “no doubt inspired” by the Prussian embryologist Caspar
Wolff’s (1733-1794) conclusion that the plant body was “nothing but leaves and stem.”104
His “theory of metamorphosis” identified “the ‘ideal’ leaf” as the “fundamental organ”
out of which all other organs metamorphosed. Acknowledging that Goethe brought unity
to the plant body, Wardlaw sided with Goethe’s friend, Friedrich Schiller’s criticism that
the latter dealt with “ideas” and not “facts.”
Wardalw’s view of Goethe slightly altered after Arber’s translation of and essay
on The Metamorphosis of Plants. Wardlaw acknowledged, perhaps in a moment of selfreflection, that English-speaking botanists had not likely read Goethe’s work themselves,
in translation or in the original German, but only had a “general” familiarity with it.105
Arber’s work went some way toward rectifying that problem. Wardlaw took back his
C. W. Wardlaw, “Unification of Botanical Science,” Nature 153, no. 3874 (January 29,
1944): 125–30.
105 C. W. Wardlaw, “Goethe’s Botany,” Nature 158, no. 4023 (December 7, 1946): 808–9;
Agnes Arber, Johann Wolfgang von Goethe, and Georg Christoph Tobler, “Goethe’s
Botany,” Translated by Agnes Arber. Chronica Botanica 10, no. 2 (1946): 63–124.
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earlier assumption, admitting that Goethe was not familiar with Wolff’s ideas and was a
“philosopher who looked closely at plants” himself. Arber’s essay informed Wardlaw that
Goethe was “preoccupied with morphological developments” and their “underlying
mechanism,” leading to his thought-provoking essay. Though Goethe’s was “not good
science,” it still contributed the comparative method to subsequent morphologists.
Wardlaw stressed Arber’s difficulty in concluding on the status of Goethe as a scientist,
quoting at length how Arber found it difficult to categorize Goethe as a thinker. Yet, as
Arber concluded and Wardlaw concurred, in relation to science in particular, he was “a
great biologist, who, in the long run, overstepped the bounds of science.” For Arber this
seemed to add prestige to Goethe. Wardlaw’s framing of it suggests it may have detracted
from it.
With Arber’s The Natural Philosophy of Plant Form, Wardlaw began defending
Goethe’s place in botanical history even more while also naming Arber an “expert” in
plant morphology.106 He warned against those who may have had an instinctive
“antipathy” to Arber’s approach, as they would have missed the kind of “scholarship and
philosophy” that botany had been missing at the time. Wardlaw appreciated the broad
connotation Arber gave to form as a concept and how her particular conceptualization of
it could help bring together disparate aspects of botanical thought. Arber’s historical
discussion, of which Goethe played a prominent part, was central in laying out the
“general outlook and attitude of mind” that Wardlaw saw as so valuable. The discussion

C. W. Wardlaw, Review of Plant Form, by Agnes Arber, Science Progress 39, no. 154
(1951): 347–49.
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provided a background for Arber’s own views, like that on the partial-shoot theory, which
she also backed up with “interesting facts” from her own and other’s botanical studies.
After his work with Turing, Wardlaw adopted Arber and Hugh Hamshaw
Thomas’s historical division between the types of morphology and used them to promote
Turing’s morphogenetic approach. In seeking to apply Turing’s diffusion-reaction system
to the floral meristem, Wardlaw used Goethe, along with Nehemiah Grew and Wolff, as
examples of the “classical view” of floral morphology, a view that some “distinguished
contemporary workers” still held while it was “vigorously opposed” by others. 107 This
classical view understood floral organs as homologous with leaves. Wardlaw recognized
seven different types of organizational theories within botany.108 Turing’s diffusionreaction theory fell under “physiological theories” and Thompson’s was a “physical and
mathematical” theory. Arber’s was “holistic” since organization of the plant body was
driven by an “inherent directiveness.” Goethe’s theory was “morphological” since
organization was structured around the “fundamental organ” of the leaf, and an “ideal”
“morphological unit.” But, as Arber had done with pure and applied morphology, all
these theories were laid beside one another as potential options, without any necessary
progressive connotations.

Wardlaw, “The Floral Meristem as a Reaction System.”
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his thoughts in C. W. Wardlaw, “Organization in Plants,” Phytomorphology 1, no. 1–2
(August 1951): 22–29. Arber and Turing had yet to be included since Arber had only
recently published The Natural Philosophy of Plant Form and Turing had not yet
published his paper. Goethe and Thompson still held their places, though Goethe’s views
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Towards the end of his career, Wardlaw appeared to go back on some of his
estimations of Goethe’s worth as he again traced the origin of developmental, or
morphogenetic, botany, back to Caspar Wolff’s Teoria Generationis (1759).109 At this
point, Goethe’s work no longer merely stood alongside other approaches to understanding
development. Rather, Goethe stood in the way of the full development of Wolff’s original
developmental thought, as it required Matthias Jakob Schleiden (1804-1881) to “cast of
the fetters” of Goethe by studying “developing plants” more directly.110 With this,
Wardlaw moved back towards his earlier low estimation of Goethe’s influence and
originality.
Botanists and biologists over the course of the twentieth century continued to
build upon the relations Wardlaw had drawn out between Goethe, Thompson, and Turing.
The relations, however, were not always direct. In one case, Goethe’s “theory of plant
evolution,” an obvious anachronism, appeared as a historical footnote in one introduction
to morphogenesis, followed a couple pages later by a discussion of Turing’s reactiondiffusion systems applied to morphogenesis, as a “field of research in its own right.”111 In
this case, Goethe served as an early initiator of morphology and morphogenesis which
prepared the way for Turing’s chemical and mathematical approach. The 1992 Linnean
Society Symposium in Edinburgh, Shape and Form in Plants and Fungi included
C. W. Wardlaw, Essays on Form in Plants (Manchester: Manchester University Press,
1968), 1-2.
110 Matthias Jakob Schleiden, Grundzüge Der Wissenschaftlichen Botanik (Leipzig:
Engelmann, 1842).
111 J. D. Murray, “Spatial Pattern Formation with Reaction Diffusion Systems,” in
Mathematical Biology II: Spatial Models and Biomedical Applications, Interdisciplinary
Applied Mathematics (New York: Springer, 1993), 71–140.
109

"249
discussions on the role of computing in biology with many references to Thompson and
Turing. In one talk, Brian C. Goodwin (1931-2009) brought Goethe’s metamorphosis and
Urpflanze to the table.112 For Goodwin, Goethe’s Urpflanze had iterative implications
since Goethe thought he could create any potential plant-like form based on it without
drawing on genetic, “internal,” and evolutionary, “external,” explanations. Goodwin used
Thompson in a similar way to downplay the importance of evolutionary explanations of
form. Turing’s work had similar implications for Goodwin as his morphogen theory was
the “most likely candidate” to explain “medium” morphogenesis at the cellular level.113
In 2002, University of Illinois computer scientist Stephen Wolfram (b. 1959)
connected Goethe, Thompson, and Turing in A New Kind of Science, which advocated for
the role of computer simulated experiments in science. 114 Wolfram covered the growth of
plants and animals, particularly the development of pattern and form, tracing this field
back to Aristotle. There he noted the importance of analogies in morphology. Goethe’s
morphology offered “more detailed analogies” and Thompson’s work brought
mathematics to bear on morphological questions. However, according to Wolfram,
interest waned until it began to gain traction again after the 1950s with Turing’s work.

Goodwin, “Generative Explanations of Plant Form.”
Goodwin had done previous work on Turing’s theory in B. C. Goodwin, “Problems
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Goethe’s significance was also signaled at a recent workshop on the applications
of geometry and topology in “morphological plant modeling.” 115 For this group of thirtyseven authors, Goethe “pioneered a perspective that transformed the way mathematicians
think about plant morphology” with his concept of metamorphosis. Goethe’s continued
relevance for these researchers was connected to recent efforts “to quantitatively describe
transformations” while maintaining connections to genetic, developmental and
environmental influences. The mathematical challenges included defining “shape
descriptors” in order to simulate plant morphology and development by using topological
and geometrical techniques. In a diagram relating morphology to other areas of the plant
sciences, the authors placed morphology as the central link between the fields of
physiology, systematics, genetics, and ecology. Additionally, morphology was firmly
placed at the center of the intersection of investigations of development and evolution as
an approach with an “emphasis on analogies” rather than homology, heredity, or function,
which belonged to the other fields.
Though it may have overestimated Goethe’s connection to mathematics, this
recent linking of Goethe with morphological science has kept his particular style of
morphology at the methodological center of mathematical morphology. In his first
appearance as a “portion” of Thompson’s “wider science of form,” Goethe appeared to
have little relevance in the development of mathematical morphology. Thompson’s own
background proved to be a much stronger impetus to the development of his thought. Tait
115 Alexander
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and Dickson’s courses modeled how to incorporate physics into biology. Paleobotanical
specimens illustrated the balancing of internal and external forces in natural forms. One
thing Thompson did appreciate about Goethe was his holistic perspective, something he
understood to be central to his own thought.
Like Goethe and Arber, Thompson did not readily accept the conclusions of his
contemporaries. Feeling the need to leave his own heresies buried in the details of his
work, he took it for granted that all areas of scientific investigation, including biology,
could be explained in terms of physics, without recourse to vitalistic or hereditary
explanations. His metaphysics, however, suggested physics could not explain everything.
Turing expanded Thompson’s morphological project by bringing to bear more
refined mathematical techniques and the power of computers. Turing’s calculative
morphogenetics caught on, with the help of Wardlaw, among botanists and biologists
more generally in the latter half of the twentieth century. But around the same that Turing
worked out his original paper, an alternative application of mathematics to the form and
development of plants appeared in England outside academic circles. The self-styled
Goethean scientists George Adams and Olive Whicher worked out a more descriptive
approach drawing on non-Euclidean geometries. Adams and Whicher found some
common cause with Thompson and Arber. But their main inspirations were the Swiss
esoteric philosopher Rudolf Steiner and Goethe.
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Chapter 6 - Goethean Science

George Adams (1894-1963) and Michael Wilson (1901-1985) established the
Goethean Science Foundation in 1947. Wilson primarily worked with children with
disabilities at the Sunfield Children’s Home in Clent, England, but carried out
experimental work related to Johann Wolfgang von Goethe’s color theory as well. Adams
had spent much of his life pursuing applications of non-Euclidean geometries to natural
phenomena, invoking Goethe’s methods along the way. Moving to Clent to be near
Wilson to set up the foundation marked a step towards institutionalizing his efforts. The
approach taken by Wilson working with children with disabilities and by both in regards
to science came out of the wide-ranging system of Anthroposophy developed by the
Swiss esoteric philosopher Rudolf Steiner (1861-1925) that included prescriptive
methods for education, medicine, religion, agriculture, science, social organization, and
other areas.
At the heart of Steiner’s thought, according to Adam’s student, the mathematician
and primary school educator Lawrence Edwards (1911-2004), was the phenomenological
distinction between percept and concept that embodied the experience of the fundamental
division of an otherwise unified world. Knowledge then was the “activity of bringing
these two aspects meaningfully together again” and could be approached through either
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perception or thinking. 1 Edwards located Goethe’s methods in what he described as “pure
precept” where instead of working out the thought behind his observations, the “concepts
would speak themselves to him.” Goethe’s practices were the polar opposite of Steiner’s,
who developed the notion of “sense-free thinking,” or a “world of pure concepts,” which
could then lead to the discovery of the perceptions related to those thoughts. Both
approaches sought unification of thought and sensation but approached that unification
from opposite directions. Edwards found Steiner’s “sense-free thinking” as most properly
expressed in mathematics.2
The practices of Goethean scientists have followed this dichotomy, largely along
national lines.3 German-speaking Goethean scientists have followed Goethe’s perceptionLawrence Edwards, The Field of Form: Research Concerning the Outer World of Living
Forms and the Inner World of Geometrical Imagination (Edinburgh: Floris Books, 1982),
9-11; Edwards was basing this on Steiner’s early philosophical work which originally had
no references to his later esoteric thought: Rudolf Steiner, Die Philosophie der Freiheit:
Grundzüge einer modernen Weltanschauung (Berlin: Emil Felber, 1894).
2 Olive Whicher, Sun Space: Science at a Threshold of Spiritual Understanding (London:
Rudolf Steiner Press, 1989), xvi.
3 Craig Holdrege, Henrike Holdrege, and Steve Talbott, interview by Andre Hahn,
November 1, 2016. During my interview, Craig Holdrege of the Nature Institute in
Ghent, New York, pointed out that the British tradition particularly took the mathematical
route within Goethean science, while his own work was tied to continental practices. This
was in part due his studying in Dornach, Switzerland though he spent time studying at
Emerson College in England as well. Craig also related how a precise name for what I am
calling Goethean science has been under debate. Other names, like phenomenological
science and qualitative science, have also been used. Goethean science, however, seems
to have a somewhat broad acceptance. Primary and secondary sources from Britain and
America have used the term: Judy Erb, “The First SES Conference: Goethean Science in
America,” Newsletter of the Society for the Evolution of Science 5, no. 2 (July 1989): 58–
62; Isis Brook, “Goethean Science in Britain” (University of Lancaster, 1994); Margaret
Colquhoun, “An Exploration into the Use of Goethean Science as a Methodology for
Landscape Assessment: The Pishwanton Project,” Agriculture, Ecosystems and
Environment 63, no. 2 (1997): 145–57; Craig Holdrege, “Doing Goethean Science,”
Janus Head 8, no. 1 (Summer 2005): 27–52.
1

"254
based route, while British Goethean scientists have followed Steiner’s suggested
mathematical route. This chapter follows the British tradition within Goethean science.
Adams was instrumental in its development. His time as a student at Cambridge and as
part of the circle surrounding logician and philosopher Bertrand Russell (1872-1970)
brought him into contact with social and scientific questions stirring about at the time of
the First World War. During this period he also came across Steiner’s work and traveled
to Switzerland to meet him. Science took a backseat to advocating for Steiner’s social
thought as Adams organized and translated Steiner’s lectures during his trips to England
and took a leading role in establishing the Anthroposophical Society in Great Britain.
Adams found his way back to science in the mid-1930s around the same time he met
Olive Whicher (1910-2006). Adams began teaching Whicher his own approach to
integrating non-Euclidean geometries and Goethe’s scientific methods that was highly
descriptive and relied on nearly no calculations whatsoever. Their collaboration
established Whicher as one of the leading geometrical thinkers within Anthroposophical
circles. Edwards and others built on Adams and Whicher’s work by incorporating
calculations and photographic comparisons to bring more precision to their observations
and extend them towards different phenomena.
Like Arber (Chapter 4) and mathematical morphology (Chapter 5), Goethean
science provides a well-developed alternative to emphases on evolutionary and
experimental morphology described by Peter Bowler and Jane Maienschein.4 Though
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Arber had little institutional support for her work and Thompson understood his own
work as heretical, both participated at some level in the mainstreams of botanical
discourse. Additionally, Arber was aware of Goethean science but never fully engaged
with it.5 At the same time, Goethean scientists admired both Arber and Thompson’s
work.6 This situation suggests how practitioners of Goethean science were even further
removed from the scientific mainstreams than Arber and Thompson. While Adams,
Whicher, and Edwards all made reference to and drew upon scientific tradition, like
Goethe’s criticism of Newton, they saw that tradition, and especially the conventional
science of their own day, as overly reliant on materialism and the mechanistic metaphor.
As a result, Goethean scientists ended up engaging less with scientists, who could be
skeptical, and more with others in the Anthroposophical community, who were more
open to their ideas. The heavy reliance on Steiner’s unconventional thought, including his
interpretations of Goethe’s scientific work, contributed to this isolation as his legacy

C. A. Meir to Agnes Arber, January 24, 1949, ARA #53 Arber Papers 1886-1953 Box 1,
Folder 1, Al 11. Meir was Secretary of the Anthroposophical Agricultural Foundation,
showing that Arber had some contact with Anthroposophists and Goethean scientists. If
there was more than one exchange, Arber did not save the correspondence; Agnes Arber,
Johann Wolfgang von Goethe, and Georg Christoph Tobler, “Goethe’s Botany,” trans.
Agnes Robertson Arber, Chronica Botanica 10, no. 2 (1946): 87, described how Arber
came into contact with the 1937 translation of Goethe’s Metamorphosis of Plants which
appeared in the Notes and Correspondence of the Anthroposophical Agricultural
Foundation when it was published thanks to W. T. Stearn, but she did not keep a copy
6 Adams and Whicher, Plant between Sun and Earth, x, described Arber’s Natural
Philosophy of Plant Form as “probably the most important [appreciation of Goethe’s
botanical work] that has yet appeared by any English writer.”; Appreciations of
Thompson’s work appeared in Adams and Whicher, Living Plant, 40; Adams and
Whicher, Plant between Sun and Earth, 6; and Whicher, Sun Space, 122.
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produced an enduring alternative cultural community.7 Understanding the historical and
conceptual context of that community is important for understanding the science of
Adams, Whicher, and Edwards.

The Historical Origin of Steiner’s Christian Cosmology and its Relation to Scientific
Consciousness
Historians have placed Steiner’s Anthroposophy within the tradition of modern
Theosophy first articulated by the Russian-born spiritualist Helena Blavatsky
(1831-1891).8 Blavatsky’s writings were a unique response to the post-Darwinian
materialism that undermined spiritual identities and purposes, a situation she understood
traditional religion was too weak to deal with. 9 Blavatsky came to the United States in
1873 and became interested in the spiritualist movement. Spiritualism, however, lacked
the depth of European and Asian philosophical and esoteric traditions. In her own work,
Blavatsky strove to integrate the motives of spiritualism with the depths of older
traditions and modern scientific thought.10 Blavatsky later developed evolutionary and
Dan McKanan, Eco-Alchemy: Anthroposophy and the History and Future of
Environmentalism (Oakland: University of California Press, 2018).
8 Geoffrey Ahern, Sun at Midnight: The Rudolf Steiner Movement and the Gnosis in the
West, (Cambridge: James Clarke, 2009); Helmut Zander, Rudolf Steiner (München:
Verlag Freies Geistesleben, Stuttgart, 2011); Helmut Zander, Anthroposophie in
Deutschland: Theosophische Weltanschauung und gesellschaftliche Praxis 1884-1945
(Göttingen: Vandenhoeck und Ruprecht GmbH und Co., 2007); with briefer accounts
contained in Wouter J Hanegraaff, New Age Religion and Western Culture: Esotericism in
the Mirror of Secular Thought (Leiden: E. J. Brill, 1996); Nicholas Goodrick-Clarke, The
Western Esoteric Traditions: A Historical Introduction (Oxford: Oxford University Press,
2008).
9 Goodrick-Clarke, Western Esoteric Traditions, 211.
10 Helena Petrovna Blavatsky, Isis Unveiled: A Master-Key to the Mysteries of Ancient
and Modern Science and Theology (London: Theosophical Publishing House, 1877).
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racial theories that incorporated reincarnation by describing the human body as a
spectrum of seven aspects ranging between matter and spirit.11 In 1875, Blavatsky formed
the Theosophical Society with Vermont attorney Henry Steel Olcott (1832-1907) in
Philadelphia. The Society moved to Bombay by 1879 where it associated with the Hindu
reform movements of Swami Dayanand Sarasvati (1824-1883). Direct association of the
Society with Indian groups altered the aims of the Society, which now emphasized a
universal human brotherhood without distinctions of race, creed, sex, caste, or color.12
The Society melded these universal sentiments with their previous focus on esoteric,
religious, and scientific study. The latter included the promotion of the direct
investigation of nature’s powers and the development of latent human abilities.
Steiner became general secretary of the German Theosophical Society in 1902
and readily integrated Blavatsky’s synthesis of Asian and European thought into his own
background. Steiner had studied philosophy and epistemology at the Technische
Hochschulle in Vienna and Universität Rostock where he received his doctorate in 1891
with a thesis on Johann Gottlieb Fichte’s (1762-1814) philosophy. Between 1888 and
1896, he worked at the Goethe-Schiller archives editing Goethe’s scientific writings for
the ambitious Weimar Edition of his published and unpublished writings.13 Steiner also
worked briefly with Elisabeth Förster-Nietzsche (1846-1935), the sister of Friedrich

Helena Petrovna Blavatsky, The Secret Doctrine: The Synthesis of Science, Religion,
and Philosophy (London: Theosophical Publishing House, 1888).
12 Goodrick-Clarke, Western Esoteric Traditions, 211-228.
13 Johann Wolfgang von Goethe, GNS, 13 vols., Goethes Werke: Herausgegeben Im
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1890-1906); Rudolf Steiner, Goethes Weltanschauung (Emil Felber, 1897).
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Nietzsche (1844-1900) to help arrange the philosopher’s archives. Being steeped in
various aspects of German thought, Steiner eventually became upset with the
Theosophical Society’s emphasis on Asian traditions at the expense of European ones.
After leaders of the Society selected the adolescent Jiddu Krishnamurti (1895-1986) as
the future “World Teacher,” Steiner formed the Anthroposophical Society in 1912 and
brought members of the German branch with him.14 Adams later described Steiner’s
Anthroposophy, which carried on Blavatsky’s evolutionary and racial theories within in a
European and Christian context, as a “Metamorphosis” that most Anthroposophists were
not aware of as they understood them to be Steiner’s own conclusions.15 Within the
Anthroposophical Society lead by Steiner, Blavatsky’s desire to integrate science with
esoteric knowledge made headway.
Rather than examining Steiner’s thought directly, looking at it through the eyes of
Adams and Whicher brings focus to what they saw as the most significant for their
scientific work and how they related Goethe and mathematics. The evolution of
consciousness tied to an inclusive global Christianity describing Christ’s decent from the
Sun to unite with the Earth was central. The more immediate and mundane aspect of this
was Steiner’s thinking on the relationship between sensation and thought, which
according to Whicher came from two significant experiences in Steiner’s education.16

Ibid., 230, 234-239.
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The first was his introduction to geometrical thought as a nine-year-old. She credited
Steiner’s early encounter with circles, squares, and other shapes as helping him to realize
that he could have clear thoughts about the world around him. Steiner’s second
significant experience occurred at age nineteen while studying projective geometry when
the lecturer described the endpoints of a line as meeting at infinity. Whicher characterized
this experience of Steiner’s as a being a great relief as it linked the directly perceptible
with unconceptualizable thought. Steiner would later claim this experience as the
standard he used to guide his spiritual thought as both created a pictorial representation to
understand the sensate world. This, according to Whicher, allowed Steiner to have the
precision of thought characteristic of a materialist perspective while transcending it at the
same time.17 In the light of Steiner’s own experiences and how they shaped his thinking,
his followers saw themselves as pushing across the boundaries of materialistic science as
part of a broader evolution of consciousness through a metamorphosis of science.
Adams’s 1927 course of lectures in London on the “Christening of science” explained
how he understood this evolution.18
The strength of modern science forced Christianity to fit in with it, rather than the
other way around. But at a deeper level, as Adam’s explained while drawing on both
Steiner and his Quakerism, Christian beings were at work in pushing forward scientific
consciousness. At the level of human consciousness, science was about developing

Ibid., xx-xix.
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freedom beyond the more simple religious form of the acceptance or rejection of a belief.
While the warmth of feelings connected to religious freedom was important to maintain,
Adams described how they needed to unite with the detachment and deep awareness that
characterized scientific freedom. In both cases, the Holy Spirit was the source of freedom
and self-development was key. As a pursuit of freedom coming from the Holy Spirit,
scientific inquiry sat alongside the development of aesthetic and moral capacities as well.
These three areas brought the clarity and freedom of thought into the depths of human
experience.
This was merely a spiritual explanation of the rise of scientific consciousness and
how it related to Christianity. Adams also described the external appearances of this
development in global society. The freedom of the Holy Spirit as a driving force of the
evolution of consciousness was inconsistent with any missionary zeal to become a
dominant religion. Rather Adams described how it fit into existing global society by
being suprareligious and spread by confirmation rather than exclusion of other religions.
Steiner’s thought was one way of realizing this grand religious synthesis and the
globalizing economic might of Anglophone cultures would carry it around the world.
Adams explained that this Eurocentric globalization had already begun with the spread of
material products, which were perilous by themselves. As a counterbalance European
culture also needed to spread the “higher spiritual knowledge born of western
civilization” that had grown up alongside its material culture. This higher spiritual
knowledge was to recognize the unification of the Sun being with the Earth at the
crucifixion, where the living forces of Christ united with the natural forces of the Earth.
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Whicher picked up on another thread within Steiner’s thought to explain the place
of science in the development of modern consciousness. Steiner’s cosmology included
the analogy of the macrocosm with the human microcosm such that the development of
the individual mirrored the evolution of the cosmos. In this context, Whicher described
the imaginative consciousness of childhood as a “Golden Age” and its loss in the
intellectual consciousness of adulthood.19 Childhood held more sympathies with ancient
cultures and adulthood with the culture of modern materialism. Whicher's goal was to
unite these two types of consciousness. In science this meant connecting fields like
physics more directly to sensate experiences of the world. Like Adams’s, this unification
also had Christian undertones. Whicher emphasized Steiner’s identification of Christ with
the Sun and Sun gods of pre-Christian religions and cultures. 20 Through Steiner’s telling,
this Sun god gradually approached Earth as illustrated through subsequent cultural
stories, such as Zarathustra, Osiris, Zeus, and others until reaching Earth in the form of
Christ. Reflecting on her own work in geometry, Whicher used the term “Sun space” as
another way to describe what she and Adams had variously called counterspace, negative
space, and ethereal space to describe the realm of life forces into which Christ had
entered in the twentieth century, though few had recognized it.21 Whicher’s Sun space
united the imaginative consciousness of childhood and ancient cultures with the
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intellectually abstract realm of geometry. To unite geometry more with sensate
experiences required integrating it with Goethe’s botanical and morphological thought.
Whicher drew on Steiner to justify Goethe within a mathematical framework.22
According to Whicher, Steiner saw Goethe demanding,
in a truly mathematical spirit, that one inwardly permeate phenomena with
mathematics. He writes that we must see the archetypal in such a way that we are
able at all times to justify our procedures according to the rigorous requirements
of the mathematician. Thus what Goethe seeks is a modified, transformed
mathematics, one that suffuses phenomena. He demands this as a scientific
activity…. It shall become clear that we must complement the method of
investigating the external world offered by Goethean phenomenology with a
method of comprehending the realm of human consciousness. It must be a mode
of comprehension justifiable in the sense in which Goethe’s can be justified to
the mathematician.
For Steiner, Whicher, Adams, Edwards, and other Goethean scientists, no conflict existed
between Goethe’s thought and mathematics. As discussed in chapter 2, it took scientists
and historians time to begin understanding Goethe’s relationship to mathematics as
something even approaching Whicher’s fundamental identification of the two. As noted
in Chapter 5, Goethe’s morphology had been only a loose inspiration for the development
of D’Arcy Thompson’s mathematical morphology. But Goethe became connected to
mathematics in another and more central way among Goethean scientists. Thompson and
others considered Goethe strictly as a historical figure. Practitioners of Goethean science,
on the other hand, went beyond the historical Goethe and viewed him as someone ahead
of his time. As Adams and Whicher speculated “It may well prove that Goethe, both as
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botanist and physicist, divined a truth, the full and clear expression of which belongs to
the science of the next hundred years from now.”23
A possible explanation of why Steiner, Adams, and Whicher found such
resonance between Goethe’s thought and non-Euclidean geometry specifically was that
both arose to address the same questions. Adams and Whicher described both Goethe and
projective geometry as “qualitative and form-creative” and unlike the quantitative
geometry of Goethe’s time as exemplified in his criticisms of Newton. 24 Recent work,
however, has suggested that Romantic era sciences and developments in nineteenth
century geometry, like non-Euclidean geometric spaces and unsolvable algebraic
equations, were both responses to Immanuel Kant’s (1724-1804) division of phenomena
and noumena.25 So it might not have been that Goethe was ahead of his time, but dealing
with the same fundamental Kantian questions as contemporary mathematicians working
out non-Euclidean geometries.
By following the lives and work of Adams and Whicher and their subsequent
impacts on Edwards and others, the sections below demonstrate how Goethe and
mathematical thought were used in attempts to bridge the divide between Kant’s
phenomena and noumena. Working out of Steiner’s Christian cosmology, this divide not
only had scientific implications, but social ones as well related to an evolution of
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consciousness towards more and more freedom. Even before meeting Steiner, Adams’s
life led him to Cambridge where he cultivated a deep interest in both science and social
questions and would encounter Bertrand Russell.

Mathematics and the Conscientious Objector
George Adams von Kaufmann was born in Maryampol, in Galacia, on February 8,
1894. He spent his childhood split between the small village in the Hapsburg empire and
England. Kaufmann changed his name twice. The first time was around 1916 while he
was president of the Cambridge University Socialist Society and dropped the “von” from
his name to reflect his newfound camaraderie with the working class.26 His earlier
writings reflect this and were published under George Adams Kaufmann, George
Kaufmann, or GK. The beginning of the Second World War in 1940 led him to drop
“Kaufmann” after he had been singled out for having a German name as a translator at a
prisoner of war camp in Oldham, England. He changed his name after being forced to
resign when his German background was uncovered. From then on he was known simply
as George Adams.
In 1942, Adams recalled in a letter to Whicher a moment from his childhood
when he heard the word “Naturforscher,” or nature researcher. 27 As he recalled, “I

Olive Whicher, “George Adams: His Life and Work,” Golden Blade, 1964, 27–54.
Whicher described them precisely as “the social problems of our time, and the spiritual
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pricked up my ears and decided in my mind: that is what I want to be.” Adams’s father,
also George Kaufmann, sent him to England for his education, and at fifteen, Adams
transferred from classical studies to science with special interests in chemistry. In 1910,
at the age of seventeen, Adams read Wilhelm Ostwald’s (1853-1932) Die Forderung das
Tages, a present from his father, which opened him up to the philosophical background of
science, something, in his recollection, he thought missing from his English education.28
Ostwald’s formulation of physical chemistry moved chemistry away from the
experimental approach it had, and made it more inline with a mathematical approach
characteristic of physics. Because of Ostwald, Adams eagerly set aside atomistic
interpretations in favor of the idealistic interpretations of natural phenomena available
with mathematics. Upon entering Christ’s College, Cambridge in 1912, he studied
physics, chemistry, and mathematics.
As Adams delved deeper into his scientific interests, he sought assistance with
mathematics.29 After difficulties with differential equations, an acquaintance of Adams’s
introduced him to his father, the mathematician H. F. Baker (1866-1956), who suggested
Adams read Heinrich Weber’s (1843-1912) Die partiellen Differential-gleichungen der
mathematischen Physik.30 The book only raised further questions for Adams, leading him
to Russell, who helped Adams clarify his questions about science and became a major

Wilhelm Ostwald, Die forderung des tages (Leipzig: Akademische verlagsgesellschaft,
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Physik (Braunschweig: Friedrich Vieweg, 1912).
28

"266
influence on Adams during a period which he reflectively called himself a “militant
revolutionary.”31
The advent of the First World War forced Adams to stay in England until its end.
This period proved formative for Adams as he aligned himself with pacifists, socialists,
and Anthroposophists. It is not clear when Adams first met Russell, but C. K. Ogden
(1889-1957), an anti-conscriptionist who ran The Cambridge Magazine, introduced them
to each other.32 An early opportunity Adams had to hear Russell speak was at a meeting
of the Cambridge University Fabian Society a month after Adams became a committee
member in February 1915.33 The previous fall the Society meetings held readings and
discussions on the war, the seizing of industry by workers, and the differences between
guild socialism and syndicalism.34 Meetings had not been well attended, with sometimes
only twenty or so showing up, but discussions were often lively. Russell’s appearance
was notable, however, with over two hundred in attendance to hear him speak on
“Democracy in the control of foreign policy.” Adams soon established himself as a leader
in the society, being the first to oppose a motion that “International socialism is dead and
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damned,” a motion that lost eighteen to four. Adams was also selected to represent the
society at an intercollegiate debate in Birmingham.
By April Adams was president of the society, which soon became the Cambridge
University Socialist Society, and began organizing a new syllabus of group study with the
help of the previous president on the “Historical Basis of Socialism.” 35 This was an
experimental move within the Society which established smaller study circles on other
topics. Adams provided a contribution to the study circle in May when he lectured on
“Religion and Social Development” and argued that religion had inspired socialism.
According to the secretary’s notes, “The discussion afterwards was hot.” Adams interest
in religious topics was also apparent in his last meeting as president when members
debated members of the Student Christian Movement on the nature of social reform and
whether it was facilitated more by legislation or education.
As the war on the continent grew, a March 1916 law allowed for the conscription
of soldiers. Members of the Cambridge University Socialist Society were
overwhelmingly opposed to the law or any sort of draft.36 In January, Adams spoke, as
president, in favor of affiliating with the National Council against Conscription as other
socialist societies had done in England. Adams argued that it had been the common
position among all socialists, “both because it is bad in itself, and as it frequently leads to
industrial conscription.” The motion was put to a vote since there was the potential that
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not all agreed and might leave the society because of their support for conscription. But
that sentiment was not widespread as the motion passed twenty to one.
Immediately after Adams’s term as president, Russell again addressed the society
in May 1916 on running the state along scientific principles.37 Doing so shifted the state
away from being a conduit to achieve an ethical good towards one for the “impulses and
passions” of the people. This included the assertion of and submission to authority, held
in the conflicting desires for “unlimited power” and “unlimited freedom.” The essence of
the state was its ability to organize force, both internally and externally. Russell thought
nationalism had prevented development of an international state and later spoke on other
“evils” of the national state.
Adams had been conscripted by the end of 1916 and thereafter arrested and tried
for being a conscientious objector. Adams wrote to Russell as he traveled towards
imprisonment at Wormwood Scrubs. Though he faced two years, Adams remarked on
what a “lovely morning of sun and frost” surrounded him as he sat looking out the train
window.38 One regret Adams did have was that he would be cut off from the world.
However, he felt there may be a chance that he and other conscientious objectors would
be called upon as agricultural workers to help buttress the food supply, but he did not
trust the government to ease its grudge against those refusing military service. As one of
them, he would not accept any alternative service offered by the government. The
government was pushing the country towards a crisis. “The country must in its coming
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sufferings, know us as men with a policy that we insist, against all odds of persecution
and popular feeling, on pushing forward—as fighters for peace rather than as
conscientious objectors.” Adams was ready to act on his own in prison, with the hopes
that it would align with decisions made by Russell and others on the outside.
Imprisonment failed to quell Adams's mathematical interests and he brought his
questions to Russell.39 According to Adams, Russell was pleased with Adams’s
perceptive questions on whether it was possible for a more “elegant” way to translate
imaginary, or complex, numbers into three dimensions. This had been done already for
two dimensions with the Argand plane, which graphed imaginary numbers by plotting
their real aspects horizontally and their imaginary aspects vertically. Russell was pleased
that Adams was concerning himself with such questions as he faced prison and suggested
Alfred North Whitehead’s Universal Algebra to address his questions. After reading
Whitehead’s book, Adams followed it with Whitehead’s book on projective, or nonEuclidean, geometry. 40
Adams ultimately went to prison twice for being a conscientious objector.41 He
was first removed after taking part in a hunger strike. After being sent back, Adams had
been left alone at one point in an open guardroom and he simply left, afterwards going
into hiding with friends. Adams apologized to Russell for not going back to prison,

Adams, A Letter from George Adams, 35.
Alfred North Whitehead, A Treatise on Universal Algebra: With Applications
(Cambridge: Cambridge University Press, 1898); Alfred North Whitehead, The Axioms of
Projective Geometry (Cambridge: Cambridge University Press, 1906).
41 Whicher, “George Adams,” 27–54.
39
40

"270
despite having told Russell that he would.42 Although Adams thought the decision to go
back was the correct one, he was not fully convinced of it feeling he only agreed to do so
to please Russell. Adams hoped he had not damaged the larger anti-conscription
movement. What Adams appeared to learn from Russell was that he did not have to
abandon his intellectual interests while standing up for what he thought was right, an
attitude he would continue once he became associated with Anthroposophy.

Meeting Steiner
Adams’s involvement with the anti-conscription movement coincided with his
introduction to Steiner’s work. Adams’s read a translation of Steiner’s An Outline of
Occult Science around the same time he became a member of London’s Emerson Group
of the Anthroposophical Society in 1916.43 After he had escaped prison, the Wedgwood
family took Adams in, with Rosamond serving as an intermediary between him and
Russell. The Wedgwoods were also close friends with Whitehead, though Adams never
met him. Adams did, however, meet his future wife Mary Fox, a Quaker. Adams kept a
low profile until the war’s end, continuing to follow his interests, going deeper into
Einsteinian physics, all the while telling his father that he would continue on his studies
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in Germany after the war. Adams’s interest in Steiner’s work, however, created conflict
with this plan.
Early on in 1919, Adams began working with Ethel Kate Bowen-Wedgwood and
others to translate into English Steiner’s The Threefold State: The True Aspect of the
Social Question, a book describing a threefold social order organized around culture,
rights, and economy.44 L. Edith C. Maryon, Steiner’s assistant and sculpting partner who
lived near him in Dornach, Switzerland, took on the main task of translating, as she could
discuss certain things with him if necessary. Maryon, to the dissatisfaction of the others,
also called upon a friend to help translate. 45 Adams, along with Ada Drury-Lavin and
Edith R. Cull, wrote to Steiner after reading through the first few chapters of Maryon’s
translation. They did not like it:
We are sure that even the most earnest readers—they could not begin the book if
it does not appear in a decent, familiar, idiomatic language. Your admirable
German original appears to us as having orthodox language, seeming neither
strange nor odd… The English is, in this translation, so strange, so complicated,
so completely un-English, that even for the most natural reader not only are its
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shadings almost lost but also the general emphases and transitions of thought…
Among the serious public this translation will go completely unnoticed.46
Despite going on like this for nearly six pages, at the end, they sought to strike a
reconciliatory tone. “We are sorry to point out the inadequacy of the attempt; we have
complete interest in Miss Maryon's work and also wish to continue working with her for
the eventual publication of the book in England; We also believe that all her work will
bear fruit.” 47 They completed the translation the following year, Adams’s contribution
marking what would become one of his main tasks within the Anthroposophical
community: translating the work and words of Steiner.
Adams took his first trip back to the continent in September 1919, traveling first
to Dornach to meet Steiner. In the aftermath of the war, Steiner recognized Adams’s
interest in the threefold social order and suggested that Adams turn his focus away from
science and more towards social concerns.48 Adams’s stay was brief but he took Steiner’s
advice to heart. In October, Adams finally saw his father for the first time since before the
war. His father had resettled in Munich and expected Adams to take up his scientific
George Kaufmann, Ada Drury-Lavin, and Edith R. Cull to Rudolf Steiner, April 5,
1919, RSA. The original read: “Wir sind sicher dass auch die ernstesten Menchen mit
dem Buche—nichts anfange werden können, wenn es nicht in ordentlicher, bekannter,
idiomatischer sprachform erscheint. Mit Ihrem werten deutschen Originell scheint es uns
so zu sein: die Sprache is orthodox, wirkt weder fremd noch befremdend… Das
Englische ist in dieser Übersetzung so fremd, so kompliziert, so ganz und gar unenglisch,
dass selbst für den unbefangensten Leser nicht bloss die seinen Schattierungen sonder
überhaupt die Nachdrücke und die Gedankenubergänge fast verloren gehen… Das seriöse
Publikum wird diese Übersetzung völlig unbeachtet lassen.”
47 Translation of “Es ist uns leid, auf die Unzulänglichkeit das dortigen Versuches
hinweisen zu müssen; wir sind voller Teilnahme für Fräulein Maryon’s Arbeiten und
wollen auch weiter mit ihr zusammendwirken für das eventuelle Erscheinen des Buches
in England; wir glauben auch dass alle ihre Arbeit Früchte tragen wird.”
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studies somewhere nearby. When Adams told him that he had decided to follow Steiner’s
advice instead, his father became upset and worked to convince Adams to recommit to
his original promise. Walking around Munich, thinking about what his father had told
him, Adams passed by a bookstore and saw the physicist Herman Weyl’s (1885-1955)
new book on relativity, Raum, Zeit, Materie, in the window.49 Adams purchased it and
rekindled his scientific interests.
In what he later described as a “wave of the old enthusiasm,” Adams went back
on his agreement with Steiner and took up the agreement with his father to continue his
scientific training.50 Adam’s father arranged for him to meet with the Munich physicist
Wilhelm Röntgen (1845-1923) who, in turn, referred Adams to the Berlin physicist Max
Planck (1858-1957) and physical chemist Walther Nernst (1864-1941). Being back with
his father, Adams resettled into a conventional scientific path and also revived his
connection with Russell, corresponding with him about translating Russell’s Principles of
Social Reconstruction into German.51
Adams’s father was taken with Russell’s book and had two different translators
working on it without much success.52 Margarete Hethey, who also wanted to translate
Russell’s Roads to Freedom, was very much taken by it, produced a better version for
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Adams’s father and promised to get it published by a good publishing house in Munich.53
Now that he was in Munich, Adams asked if he could send along any greetings to any of
Russell’s students; he had already been on the lookout for the philosopher Ludwig
Wittgenstein (1889-1951) and Dorothy Wrinch (1894-1976), Russell’s assistant and
Adams’s mathematics tutor.
As Adams continued to act as the middle man between his father and Russell, he
brought up the subject to the recent verification of Albert Einstein’s theory of special
relativity by Arthur Eddington (1882-1944) and Andrew Claude (1865-1939).54 Adams
related that it had garnered more attention in England than in Germany where the articles
about it were either ridiculously off base or very intriguing. Whitehead’s article in
particular set Adams “tingling with excitement” as his and Whitehead’s interpretations
were very similar.55 However, Adams felt Whitehead’s clarity and mathematical abilities
surpassed his own. Adams went on to explain his thinking which had been greatly
assisted after learning the symbolic logic in Whitehead and Russell’s Principia.
I have tried to develop, from primitive statements about observable physical
facts, first—ordinary “rigid” geometry, arising from contiguity-relations of rigid
bodies; then, to extend it to include light rays (in systems at rest). Next I have
considered the foundations for a metrical idea of time, and what meaning can be
attached to the time-interval between two events at different points. This whole
way of thought has brought out results of great interest; I have just reached as far
as the Lorentz transformations as it occurs in Einstein’s original “special” theory
Bertrand Russell, Roads to Freedom: Socialism, Anarchism, and Syndicalism (London:
George Allen and Unwin, 1918).
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of relativity. As regards the latter, it seems to me that it still lacks logical
clearness and this comes out very strikingly when one studies any text-books of
relatively. There are logical niceties to make one scream. It seems to me this new
theory demands a thorough revision of “mathematical” physics from the bottom
upwards. This is what I’ve been trying to do.
Examining the work of others in this area, Adams found them too focused on
mathematics and spoke of numbers “in some dark, mystical, abstract sense” that
diminished their phenomenal origins. With this exploration, Adams saw an expansive
area of inquiry opening up before him. Yet he felt unprepared mathematically and had
been asking Wrinch to help point him in the right direction. Adams also took issue with
Einstein himself making definitions of the constancy of light and the coincidence of two
events. Adams thought these should be hypotheses and that Einstein was slipping in
definitions which he would later bring in as assumptions about reality and thereby
providing novel solutions to well-known questions. As Adams worked through the
problems, he tried to stay as close as he could to the physical realities. He still had a long
way to go and felt someone better trained would make more progress. Adams also
updated Russell on his plans to study in Germany, but was still trying to figure out
whether to focus on mathematics or experimental physics. He hoped Russell could point
him in the right direction.
Adams also wrote to Bowen-Wedgwood in December 1919 explaining his change
of plans. In prose reminiscent of the one he wrote to Russell about not returning to prison,
Adams regretted any trouble his sudden departure may have caused the Anthroposophical
group and took all the blame for his impulsiveness. 56 Adams went on to describe how he
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had been brought back to his scientific interests and recounted how he had tried to talk
himself out it because he felt as though he was “giving way to a temptation” by following
his father’s advice. Adams attempted to soften any blow to his friends in the
Anthroposophical community by connecting his immediate future course with what he
had gained while being among them, telling Bowen-Wedgwood that he was still
dedicated to fighting against materialism and could see its downfall coming as he took
from his time among the Anthroposophists more confidence for his current course.
Adams ended by telling Bowen-Wedgwood that she may pass along any of this
information to Steiner and others who might enquire, but he especially did not want to
bother Steiner with it himself.
Adams’s plans were again upset as his father received an appeal to assist the
hungry at an orphanage in eastern Poland. 57 Adams offered to use his connections with
the Quakers in England to organize a relief expedition. This turned Adams’s attention
back to social questions and away from science, this time with his father’s consent.
Additionally, Mary Fox came to join Adams, and the two married in Berlin before
spending most of 1920 with the Friends’ War Relief at the orphanage until they returned
to England to promote Steiner’s work.
Back in England, Adams fell back in his role as translator working with BowenWedgwood on translating Steiner’s The Threefold Commonwealth.58 Adams also wanted
Adams, A Letter from George Adams, 38.
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to run a second cheaper printing of Threefold State for the working class, as the first
hundred copies had already sold. Saving costs was important for the group, so they used
the plates from the previous edition.
Adams’s presence in Anthroposophical circles grew. In 1920 he joined the
Threefold Commonwealth League and in 1923 he became vice president of the
Internationalen Delegiertenversammlung der Anthroposophicshe Gesellschaft in
Dornach.59 Adams translated Steiner’s lectures during the latter’s several visits to
England between 1922 and the six months before his death in 1925. Steiner’s visits,
which Adams also helped to organize, centered around his social ideas and its reflection
in his educational philosophy, which had been modeled at a school for children of the
workers at the Waldorf cigarette factory in Stuttgart, Germany beginning in 1919.60
Adams’s ability to translate Steiner’s lectures and also handle the ideas themselves
impressed the audiences, as Steiner and Adams took turns speaking for fifteen to twenty
minutes with Adams using minimal notes. These responsibilities propelled Adams further
and further away from his scientific and mathematical interests.
While Steiner’s social ideas attracted Adams, he more and more exposed himself
to the scientific ideas of Steiner and others at the Goetheanum. In Adams’s account of a
conference held there over three weeks in September and October 1920, he called for a
broader recognition of the role of thought in scientific concepts, such as atomic theory
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and the theory of relativity.61 Adams gave a proto-Kuhnian account of the path of
successful hypotheses as a more “skillful corrective hypothesis” replaced an existing one
until “eventually, being overloaded with corrective hypotheses, it reaches a kind of crisis
and gives way to some other theory.” Adams’s tone, however, was more critical, as
success usually meant the hypotheses became more abstract and less imaginative as they
went further and further away from the original phenomena. The alternative position was
Goethe’s focus on nature at a phenomenal level and avoiding quickly drawn definite
conclusions. Steiner’s concluding lecture contrasted his own path of “pure thought” as
occupying the pole opposite to Goethe’s “pure phenomenalism.” Steiner illustrated the
connection between his and Goethe’s approach using an analogy of breathing. Just as
breathing was normally unconscious, so too was the movement between perception and
thought. By making this movement active and conscious, the arhythmic unconscious
pattern that normally prevails when moving between the two could be transformed and
developed into something more productive.
In 1922, Adams participated in a course where Steiner covered the history of
science. In his summary, Adams described how the advent of modern science was the
“seed of a new spiritual life.” 62 Steiner identified a shift by comparing the theologian
Nicholas of Cusa’s (1401-1464) hesitant application of mathematics to theological
questions in De Docta Ignorantia (1440) with Nicholaus Copernicus’s (1473-1543)
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confident application of mathematics to the physical world in De Revolutionibus Orbium
Coelestium (1543). This shift in consciousness was but the most recent in a gradual
transition away from a perceptible world filled with spiritual entities, as in Homeric
Greece, and a fading inner experience of the divine during the Middle Ages. Geometry, as
a “Mysticism of the body,” also followed this trajectory.63 Steiner grounded geometry,
specifically the origin points of Cartesian space, in a dim consciousness of the up-down,
front-back, and left-right experiences of the human body. The expression of this among
ancient world conceptions was geocentrism, originally a very lived experience that by
Copernicus’s time had become abstract enough to see the Sun as a center as well.
Calculus too was an expression of this shift as it described, in an atomized
mathematization of external movements that had been a lived experienced in pre-Galilean
physics. The English philosopher John Locke’s (1632-1704) primary and secondary
qualities further cemented the split between experience and scientific thought, by placing
direct qualitative experiences beyond the bounds of scientific explanation.64 In order to
recenter the sciences around bodily experiences, Steiner laid out a framework of
scientific investigation based on the conception of the human body as having four
aspects: physical, etheric or living, astral or emotional, and ego. Steiner described the
scientific counterparts of these four aspects—physics, chemistry, psychology, and
pneumatology—as each taking into account the full human experience of the phenomena
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they investigated. For physics and chemistry, this meant maintaining an awareness of
their “creative origin” in the human body, while for psychology and pneumatology, this
meant maintaining awareness of the human body as embedded in a world that also had
spiritual aspects.
In the midst of these lectures, on New Year’s Eve, the Goetheanum caught fire
and burned down. Adams wrote the following week that the fire likely started before
everyone left at 10 p. m., but no one noticed it. 65 When Adams heard the alarm ten
minutes after returning to his room, he rushed back only to find it was too late. There was
a stunned silence among those present, but also, as he wrote a week later, a silent
“unspoken resolution to continue stronger than before, and a deep feeling that we were
witnessing, in what looked like an immense and ordered fire, a spiritual event.” Steiner
continued the course the very next day as the group was resolved to carry on its work.
This newfound purpose led Steiner to begin planning for a second Goetheanum, one
made of concrete rather than wood, and to found both the General Anthroposophical
Society and the Anthroposophical Society in Great Britain. Adams would be active in the
latter including serving as Secretary to the Council. 66
Adams’s initial time with Steiner brought a time of uncertainty to his future.
Steiner’s suggestion that he focus on social questions was quickly countered by his
father’s insistence that he continue to pursue a traditional scientific career. But
circumstances again shifted and Adams was back in England promoting Steiner’s social
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ideas. This did not mean that Adams had to completely abandon his scientific interests.
Steiner had cultivated a following among scientists and directed many of his lectures to
them by describing science as a next step in the evolution of consciousness. As one of
those in attendance, Adams developed relationships with scientists working in Dornach
who were in more direct contact with Steiner. It was these contacts that helped bring
Adams back more fully into scientific research.

Adams Reengages with Science as the General Anthroposophical Society Falls into
Schism
Adams returned to scientific matters around 1929 and focused on the application
of projective geometry to physics. This had come about from a discussion with the
astronomer Elisabeth Vreede (1879-1943), who led the Mathematical-Astronomical
Section of the School of Spiritual Science at the Goetheanum, while she visited London.
Adams soon began giving courses in projective geometry for the Mathematical Section in
Dornach, in Holland, and in Germany.67 He also gained election as a member of the
London Mathematical Society in 1932. As a result of his collaboration with Vreede,
Adams produced a small publication in 1932, “Von dem ätherischen Raume” and later
that year the English translation, “Physical and Ethereal Spaces.” 68 The larger end result
of Adams’s efforts was Strahlende Weltgestaltung (1934), which developed projective
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geometry and applied it to astronomy, biology, and mineralogy while fashioning specific
connections to Goethe’s science and the spiritual worldview of Anthroposophy.69 Adams
did not want Strahlende Weltgestaltung translated into English.70 He also intended to
write a second volume, but due to his increased responsibilities within the
Anthroposophical Society of Great Britain, he never had the time available. 71
After publishing Strahlende Weltgestaltung, Adams was unable to promote it at
the Goetheanum due to a dispute over Steiner’s legacy and the running of the General
Anthroposophical Society. The Anthroposophical Society of Great Britain sided with
Vreede and others who were ultimately kicked out of the Society, by those who,
according to Adams, held a more dogmatic interpretation of Steiner’s thought.72 By 1934
the dispute had unraveled ties between the General Anthroposophical Society and the
Anthroposophical Society of Great Britain. The German, Danish, and other national
branches severed ties as well, forming a federated association, which included Vreede,
and looked forward to rejoining the General Anthroposophical Society in the future. The
affair had the effect of excluding Adams from the Goetheanum, thus leaving his recent
work in geometry unpromoted and unreviewed. 73
Adams continued to follow the research coming out of the Goetheanum. In 1946,
he noticed that his own work with the Steiner and Whitehead inspired counterspace had
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not been recognized while the polar-Euclidian geometry of the Swiss mathematician
Louis Locher-Ernst had.74 Adams thought it unjust that Locher-Ernst had been the only
one given credit, despite Adams having published his own work in 1933 and given
courses on it at the Goetheanum in 1934. Adams, who had not yet seen Locher-Ernst’s
book, hoped that he had at least acknowledged Adams’s work. But he had not.75 When
the schism had begun to heal after the Second World War, Adams returned to the
Goetheanum and was finally recognized for his work.

Meeting Whicher
Whicher entered Adams’s life just as he was cut off from the Goetheanum.
Whicher had walked past the Rudolf Steiner House in London several times, before
coming in one night in early 1935 to hear Walther Johannes Stein (1891-1957) give the
first in a series of four lectures on minerals, plants, animals, and humans. 76 For Whicher,
Stein’s lectures brought together science and religion in a clear and thoughtful way. Later
that year, Mary Adams provided Whicher with a copy of Steiner’s Outline of Occult
Science, the same book that had introduced her husband George to Steiner’s thought.
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Soon thereafter, Whicher met Adams and began attending his lectures in projective
geometry, adding new dimensions to her earlier love of geometry.
Whicher described her childhood as “happy and sheltered.”77 This included early
experiences of oneness, feeling that she, the stars, and the Earth all “belonged together—
that all was one.” The certainty of the experience eventually gave way to doubt as she
considered atheism. One area which continued to give some sense of certainty to Whicher
was the logical proofs of Euclidean geometry. Traveling was another way she dealt with
this uncertainty, but coming into contact with Steiner’s Anthroposophy was what finally
precipitated a shift in her thinking. An important aspect of this shift was her close work
with Adams.
Whicher began working as Adams’s secretary having been trained recently in
English, French, and German soon after meeting him.78 While Adams was dealing with
the fallout from the Dornach schism, Whicher saw him continually return to his scientific
and geometrical work any chance he had, work he began sharing with her. Whicher was
eager to help him develop his work further as he invited her into his explorations and
thoughts. Having been under Steiner’s influence and taken seriously his suggestion to
take up projective geometry, Adams had moved away from the perspective on science he
had developed while at Cambridge. Adams recognized that projective geometry had been
worked out more fully since Steiner’s day, but wanted to develop it in his own direction.
As he later explained to Whicher, rather than focusing on movements as Newtonian
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physics had done thus far, projective geometry allowed focus to shift towards the
“movement within movement” and thus approach the ideal aspects of biological
phenomena.79 Adams was disappointed in Steiner’s other followers who merely parroted
his language invoking Goethean metamorphoses and Urphenomena and at the same time
relied on out-of-date texts. While Adams himself relied on geometrical texts from the
mid-nineteenth century because of their style of presentation, his questions were in line
with the more abstract yet vitally important questions of contemporary geometricians as a
result of his education and time with Russell.
Adams took a more proactive approach during the Second World War then he had
during the First World War and volunteered for non-combatant military service as a
translator at a prisoner of war camp in Oldham, England. 80 After six months he was
forced to resign due to his German background and this caused him to drop the
Kaufmann from his name. He spent the rest of the war in London monitoring Polish
broadcasts for the BBC. Adam’s war work freed him from his responsibilities with the
British Anthroposophical Society, allowing him to spend time in the British Museum in
pursuit of his scientific studies, teaching Whicher along the way.
Adams continued to train Whicher in chemistry and geometry after the war with
the help of a grant from the Anthroposophical Society of Great Britain in 1945, the first
institutional recognition of his work.81 The two also brought Adams’s work back to
Germany, giving several courses together on the application of projective geometry to
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plants and animals.82 Unlike Adams’s earlier work, his collaboration with Whicher gained
wide recognition among German-speaking Anthroposophists.83
During that time, Adams and Whicher decided to place their focus on the
development of plants as the most potentially fruitful area to apply projective geometry.
Despite intentionally seeking a way to join plant development with projective geometry,
the two did not see themselves as imposing anything preconceived on the phenomena
under study. As Whicher later recalled,
For years we had watched the plants, knowing that the secret was there, but
knowing also that there is no spiritual reality in superimposing a theory on the
phenomenon. As followers of Rudolf Steiner’s Goetheanistic methods, we knew
that the phenomenon must reveal its secret, its underlying Idea, to the awakened
eye.84
Enlightenment came to Adams one day in 1947 as the two were walking by a row of
budding hedges in London’s Regent’s Park. Whicher recalled, “George Adams suddenly
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stopped and literally shouted at me, ‘There it is! Of course, it is an ethereal space!’”
Explaining his epiphany to Whicher, Adams described the polarity in the development of
a leaf as expanded out of a vital “growing point” into a planar surface of much less
vitality. Adams described his experience as a re-awakening of his previous work in
projective geometry in his observations of the natural world. It was then that Adams first
recognized a hollow ethereal space above a shoot’s meristem. The two immediately
intensified their study of plants.
That same year, Adams moved to Clent to be near Wilson and formed the
Goethean Science Foundation. He and Adams knew each other and were looking for an
opportunity to work more closely together. Adams continued translating Steiner’s
writings while he and Whicher carried on their plant studies, situating them more and
more as a continuation and extension of Goethe’s metamorphosis theory. Out of this work
came their joint publications: The Living Plant and the Science of Physical and Ethereal
Spaces (1949) and The Plant between Sun and Earth (1952).85 Adams considered the
latter as a substitute for his planned sequel to Strahlende Weltgestaltung.86 Adams and
Whicher achieved wide recognition within the Anthroposophical Society. They were
invited to America and Europe and their celebrity brought Adams back to Dornach for the
first time since he was kicked out of the General Anthroposophical Society in 1934.
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Goethe meets Metamorphic Geometry
In 1949, for the bicentenary of Goethe’s birth, Adams and Whicher exhibited
color drawings connected to Living Plant.87 Whicher had developed presentation methods
that incorporated Goethe’s color theory to bring out the polarity of physical and etheric
spaces in an imaginative way.88 As Whicher developed her technique, Adams explained,
“she was able to imbue her pictures with an ever deeper understanding of the scientific
principles involved, and the pictures themselves became an awakener of new
understanding.” For instance, Whicher used green and peach-blossom, polar colors
according to Goethe, to color a family of metamorphosed vertical Cassini curves, where
the elongated sections of an oval collapse towards each other until they formed a
lemniscate, or figure eight, after which the two focal points of the oval gradually became
the centers of two separate circles (Figure 15). 89 In the picture, peach-blossom, an
intermediary color between red and purple, filled the space around the central upper
portions of the curves and washed into a light blue that became lighter and lighter further
out from the center. In the lower, the yellow-green at the center washed out into a darker
and darker green. To Adams and Whicher, Goethe’s ideal polarity of light and dark not
only was important for understanding color, but a fundamental aspect of the world that
included geometry.90

Adams and Whicher, Plant between Sun and Earth, ix.
Adams and Whicher, Living Plant, 8.
89 Adams and Whicher, Plant between Sun and Earth, 1952, 12.
90 Ibid., 33-34.
87
88

"289

Figure 15. “Metamorphosed Cassini Curves” from Adams and
Whicher, The Plant between Sun and Earth, plate 8.
Adams and Whicher characterized the influence of Goethe’s metamorphosis
theory on botany as significant. Unlike the new morphologists (Chapter 3), the two did
not acknowledge a post-Darwinian shift in plant morphology. They did not even entertain
the possibility of evolutionary interpretations as Arber had with pure and applied
morphology (Chapter 4). Goethe was not merely a historical figure as new morphologists,
Arber, Thompson (chapter 5), and others understood him, because his methods were
relevant and could lead to interesting ideas explaining natural phenomena. Even more so
than Arber and Thompson, Adams and Whicher did not worry about aligning their own
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work with contemporary scientific thought.91 Rather they saw themselves as taking
botanical science in a “fresh direction,” which, if well-grounded and worked out, would
prove fruitful in other areas of scientific thought.
From their observations came an “immediate aesthetic insight,” reminiscent of
Goethe’s parallel accounts of knowledge production through the visual arts and science,
that could comprehend the whole.92 Out of this comprehension, they discerned a
“threefold rhythm of expansion and contraction” over the course of the life-cycle of a
plant as Goethe had described in The Metamorphosis of Plants. The expansions followed
seed into leaves, calyx into flower, and ovaries and stamens into fruit, with the
contractions following and proceeding these stages moving from fruits into seeds, leaves
into calyx, petals into ovaries and stamens. Within this process of expansion and
contraction existed a more direct process of enhancement as a “gradual refinement of the
plant as it ascends” from seed to seed. This refinement revealed a further aspect of
polarity between the upper floral and lower root organs, which also related to Goethe’s
basic polarity of light and darkness in his color theory where the flower found expression
in the light-filled air and the roots grew down into the dark, moist earth.
Adams and Whicher followed Goethe’s three stages of expansion and contraction
in the growth processes of higher flowering plants, linking them with geometrical
language that included concepts of space, planes, spheres, concavity, and convexness. Of
central importance for Adams and Whicher was the presence of a “hollow” space at the
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Figure 16. “Silphium perfoliatum” from Adams and
Whicher, The Plant between Sun and Earth, plate 1.

point of growth in flowering plants that they identified with an ethereal center. This was
the “spherical and cup-like” concave space created within the unfolding leaves of the
meristem. Once the leaves had unfolded, they maintained some amount of concavity,
never fully expressing flatness.93 Whicher highlighted the movement between concavity
and flatness in a painting of Silphium perfoliatum, with peach-blossom denoting the
ethereal hollow space above the meristem (Figure 16). This relationship placed Goethe’s
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concept of metamorphosis inline with their geometrical terminology, which were in turn
akin to Goethe’s processes of expansion and contraction. 94
Adams and Whicher pointed to English mathematician Arthur Cayley
(1821-1895) and German mathematician Felix Klein’s (1849-1925) work demonstrating
how conventional Euclidean space along with non-Euclidean spaces could be constructed
out of the more fundamental and “metamorphic” space of projective geometry.95 In
projective geometry, point, line, and plane became the “three ideal geometrical entities”
that gave rise to all other forms.96 Point and plane made up a polar relationship, which
was respectively “centric and peripheral,” since three-dimensional forms like a sphere
could be constructed pointwise from its center outward or planewise from the infinite
periphery inward.97 This polarity helped to characterize and define various types of
spaces. The metamorphic nature of projective geometry and its polar nature made it an
ideal counterpart to Goethe’s scientific thought. Adams and Whicher pushed this aspect
of projective geometry further to work out the details of their own geometry that had
been suggested by Steiner’s etheric realm.
The ability to transition between hyperbolic and elliptic non-Euclidean spaces and
Euclidean space exhibited one aspect of the metamorphic nature of projective geometry.
But Adams and Whicher saw yet another possible metamorphosis available through
projective geometry, one which previous geometers had not explored since they saw little
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potential for real world applications. This metamorphosis followed the polarity identified
by Whitehead’s “anti-space” as the space on other side of the absolute sphere containing
hyperbolic space.98 The space interior to the sphere was a pointwise space where the
polarity of point and plane did not hold. However, together with anti-space, which was
planar, the polarity did exist. Adams and Whicher sought a similar anti-space for
Euclidean space.
Understood through projective geometry, Adams and Whicher explained,
Euclidean space rested on an infinitely distant plane. The plane could be reached
imaginatively as a sphere expanding towards an infinite radius such that the sphere
became the single plane-at-infinity. Contrary to what Thompson had relayed to Arber
about the definitive boundaries of geometrical groups (Chapter 4), from the plane-atinfinity, which was firmly fixed, the familiar features of forms related to physical bodies,
from squares to circles, could be constructed.99 Prior to Cayley, these forms were
constructed only pointwise. But by allowing the plane-at-infinity to move, the forms
could also be constructed planewise. Yet Euclidean space, Adams and Whicher pointed
out, lacked the polarity of other spaces as it rested solely on the plane-at-infinity. There
was no polar point. To amend this situation, Adams and Whicher posited a point-atinfinity as the polar opposite of the plane-at-infinity. The point-at-infinity was not like the
plane-at-infinity and infinitely far away, but rather “a point functioning as infinitely
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distant,” as vanishing points did in perspective drawings. 100 The point-at-infinity served a
role in a Euclidean anti-space, which Adams and Whicher variously referred to as
counterspace, negative space, or ethereal space, an Whicher later added Sun space.
Counter space and negative space were translations of Steiner’s Gegenraum and deeply
aligned with his cosmology through the etheric realm that was crucial for his
understanding of the Sun being Christ uniting with the forces of the Earth.
Adams and Whicher replaced Steiner’s counter or negative space with the more
descriptive term ethereal space. They grounded their usage in historical precedent, with
the ancient concept of “Aether” understood as “the presence of forces working in towards
the Earth from the wide reaches of the Universe.”101 Likely more significant for their
adoption of the term “ethereal” was Steiner’s suggestion that the etheric realm would
become an area of scientific research and observation possible through the development
of underutilized powers of thought and imagination. Steiner identified certain “forces”
associated with the etheric realm which Adams and Whicher sought to ground in the
structure of their ethereal space just as Newtonian mechanical forces were particular
expressions of physical space. As one aspect of a polarity, they described Newtonian
forces as contractive “centric forces” moving from point to point along a line with gravity
serving as an “archetypal instance.” In ethereal space, ethereal forces then would be
“levitational, suctional, expansive” and defined by planes rather than points. Like
Euclidean/Newtonian forces, ethereal forces could be found in all branches of science,
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including physics and chemistry. Goethe’s morphological thought had found its
mathematical match.
Adams and Whicher drew together art and science, like Goethe, as equal but
unique paths to knowledge of the natural world. Whicher’s skills as a painter allowed
them also to bring their representations, drawing on Goethe’s color theory, to not only
illustrate botanical specimens, but to suggest the geometrical properties they discerned as
a result of incorporating concepts related to counterspace like points-at-infinity. While
drawing on both Goethe and non-Euclidean geometries, Adams and Whicher also brought
their thought inline with Steiner’s cosmology by identifying their new space with the
etheric realm. Developing a geometrical framework was only one side of Adams and
Whicher’s project. For it to come full circle, they needed to integrate with observations of
the natural world.

Connecting Goethean Observations to Ethereal Spaces
Projective geometry as a way to investigate “pure form and formative processes”
prepared Adams and Whicher for studying plants along Goethean lines.102 That projective
geometry came out of the perspective transformation of forms made it a natural partner
for Goethe’s morphology. Projective geometrical transformations pointed to an ideal form
relating circles, ellipses, and other conic sections just as Goethe did for plants. These
ideal forms were not mental approximations of phenomenal objects, but rather the “ideal
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aspect” of a partially sensate reality.103 The synthesis of these two aspects brought an
object’s full reality into view and led to a true knowledge of it. Adams and Whicher
sought the same for the natural world.
Adams and Whicher claimed to keep their geometrical perspectives at bay while
locating potential points-at-infinity. They desired that their observations rely on the
“morphological gesture”—akin to Adams’s movement within movement from above—of
the organism without imposing any preconceptions. Adams and Whicher explained, “In
bringing the forms into movement we learn to see them as gesture. It is not the mere form
but this gesture of form along with the underlying mathematical idea of its creation which
we shall apply to our further contemplation of the higher plants.”104 The concept of a
gesture then was meant to capture the wholeness of plant movement primary to any
individual form.
Adams and Whicher used Earth as an example of how to apply an understanding
of the forces of ethereal space. 105 In physical space, gravity functioned around the center
of the Earth. A planar-based ethereal space would need something just as concrete for a
basis. These would be planes tangential to the Earth’s surface and centered around the
Earth’s center just as gravity was. These planes, Adams and Whicher explained in
Goethe’s spirit of emphasizing experiences, appeared in the human experience of visual
perception looking out to the horizon. Just as it was with point-centered gravity, “we are
ourselves dynamically placed into this planar aspect of the Earth” where “our seeing
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swims as it were in a plane parallel to the Earth’s surface.” Like Steiner’s experiences of
first learning geometry, Adams and Whicher sought to make sense of everyday
experiences. These tangential planes also went towards explaining levity as an etheric
force since, in ethereal space, the Earth’s center became a point-at-infinity away from
which these planes moved while they attracted one another, acting in the opposite way to
gravity. The Earth’s center of gravity thus coincided spatially with the point-at-infinity
which governed the Earth’s levity. Conversely, the Earth’s plane of levity coincided with
the plane-at-infinity of physical space, making the plane-at-infinity “an ideal, archetypal
plane of levity for the ethereal forces.” The polarity of physical and ethereal spaces
coincided with the spatial structure of the world.
Biological entities also displayed an interweaving of physical and ethereal spaces.
The spherical and polyhedral forms of simple organisms, like protozoa, expressed the
direct influence of ethereal space in their concentric forms.106 These organisms were a
special case because they only had one point-at-infinity, or ethereal center, whereas most
organisms had multiple ethereal centers, a range which betrayed a spectrum of vitality
with more ethereal centers associated with greater vitality. Adams and Whicher did not
stress their vitalism but qualified it as not merely philosophical since they had grounded it
in the geometry of organic matter.107 The source of this vitality was ethereal space, the
location of archetypal forms, a particularly significant feature as it related to Goethe’s
notion of Urphenomena.108 These archetypes, seen in the shapes of different organs, in
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phyllotaxis and also in color and fragrance, contrasted to the physical filling of space by
moving “inward to the innermost infinitudes of their respective spaces.”
Adams and Whicher used “convex growth” and “concave growth” to illustrate the
two possible instances of ethereal centers in more complex organisms. Convex growth
was the Goethean “primary phenomenon” as it was purely an expression of an ethereal
center within a body and served as the morphogenetic foundation for concave growth.
Adams and Whicher thus characterized convex growth as more “earthy” in comparison to
the more “ethereal” nature of concave growth with its ethereal center more “sun-like” as
it was outside of an organism’s physical body. In convex growth, light was worked within
the dark and in concave growth the darkness took in and embraced the light.109 The
convex growth characteristic of gastrulation in animal embryology was thus a process of
drawing in “the more sun-like ethereal space ever more deeply into itself” by repeatedly
folding into its material, deeper and deeper, the original concavity. Plant growth, on the
other hand, was characterized by convex growth as a repetitive “unfolding” of an
originally “hollow space.” Identifying convex and concave growth thus united plants and
animals as living being while also providing ways to identify the phenomena that
distinguished them from one another.
The bodies of higher plants, like beets (Figure 17), synthesized concave and
convex growth. The concave forms, most pronounced in the shoot, were “young and
vital, ethereally active centres.” The convex forms, most pronounced in the root, were
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Figure 17. “Beetroot” from Adams and Whicher,
The Plant between Sun and Earth, plate 2.

round and substantial forms at home in the material world.110 Adams and Whicher
referred to the hollow space above the meristem, geometrically a point-at-infinity, as the
“sun- or star-centre of the growing plant.”111 This name was partly to emphasize the
relation of the Sun to plant growth, but was also a more technical expression of the
polarity of physical Earth space and ethereal Sun space of light. The expansive, radiating
quality of light, moving towards the plane-at-infinity also made it an expression of the
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ethereal force of levity. The sun center of a plant then expressed concave growth brought
about from the space above. Below the sun center as a point-at-infinity was the plane
towards which the leaves tended as they unfolded. The path of unfolding followed by the
leaves appeared as spheres distorted into parabolas by their sun center.
The stem of a plant formed a line-at-infinity determined by the Earth’s center and
the sun center of the plant.112 This was a way to approach Goethe’s description of the
stem as a “spiritual staff” denoting the potential for roundness in the stem even when it
was not an actuality. Looking down upon a symmetrical growing point of a plant appears
as if one was “gazing into the vanishing-point of some far off perspective,” a point of
creation for the ethereal. The “spiritual staff” of the stem was likewise a horizon line
pointing to another “infinitude within.”
Another aspect of the polarity between physical and ethereal space was the
relative location of “order” and “chaos,” or form and lack of form. In physical space,
Adams and Whicher located the tendency towards chaos, such as the dissolution of salt in
water, as movement towards a periphery, as centralized order expanded out towards a
chaotic infinite. The movement between formed and unformed in ethereal space moved in
the opposite direction out of central chaotic point-at-infinity towards an ordered
periphery, as in seeds, embryos, and meristemic tissue. Adams and Whicher used this
polarity to distinguish between organic and inorganic matter.113 However, the further
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organic matter was from its germinating point, the less able it would be able maintain its
form.
Commentators on Goethe in the twentieth century such as Charles Gillispie
(Chapter 2) understood Goethe’s morphology as the furthest thing from a mathematical
explanation of natural phenomena. Adams and Whicher turned the tables by looking for
terminology to relate the dynamic forms described by projective geometry and natural
phenomena. Terms normally left to describe sensate phenomena like gesture, vitality,
order, and chaos all found geometrical expressions in terms like center, periphery, pointat-infinity, convex, and concave. This was their way of maintaining a balance between
the ideal and sensual, a way that integrated intuitive aesthetic judgments with the
structures of scientific thought. One the most thorough instances of this was how Adams
and Whicher accounted for phyllotaxis.

The Caduceus Lemniscate and Phyllotaxis
Goethe’s interest in phyllotaxis came towards the end of his life (Chapter 2). The
arrangement of leaves along the stem which was carried into the flower represented a
vertical and spiral tendency in plant growth which he associated with vegetative and
reproductive processes. Thompson’s account of phyllotaxis, while more mathematical,
also linked the arrangement of leaves and floral organs. Thompson, contrary to others of
his time who read great significance into the presence of the Fibonacci series in
phyllotactic sequences, sought to show that the associations were merely due to the
mathematical simplicity of such arrangements (Chapter 5). Furthermore, Thompson

"302
argued against any adaptionist argument that interpreted leaf arrangement as the result of
Darwinian natural selection. Adams and Whicher, as had been the case of much of their
thought, looked at phyllotaxis in a very different way.
Adams and Whicher thought phyllotaxis a particularly suitable example for
studying physical and ethereal spaces. Ethereal space helped to make sense of
logarithmic spirals, a common form of biological growth which Thompson also covered
(Chapter 5), by providing the opportunity to understand it as a process unfolding between
the two infinitudes of an ethereal center and the plane-at-infinity.114 Phyllotaxis was one
instance of this. To work out the details of phyllotaxis, they described Goethe’s
archetypal plant in relation to physical and ethereal spaces, with the stem and the horizon
being the phenomenal references for that space. The archetypal form of a plant, contained
in the sun center of the plant, contained the leaves’ forms and, resonate with Goethe and
Thompson’s thinking, their phyllotactic pattern carried into the condensed form of the
flower.115 The stem became a “verticon” defined geometrically by the common line of the
Earth’s center and the Sun center of the plant. The horizon was defined by the line
common both to the Earth-plane and the plane-at-infinity. Both lines functioned in both
spaces with the points of each containing the planes of the other. In particular, the points
of the horizon determined the phyllotactic sequences and the growth of spiraling plants.
This framework suggested that plant growth, phyllotaxis specifically, took part in a “far
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wider community of rhythms, forces and movements of the great Universe” that stretched
beyond the physical.116
When two ethereal points-at-infinity are at work, one associated with a radiant
and the other not, a specific geometrical form arises, the lemniscate, which suggest the
“typical form and gesture of the higher plant.”117 Higher plants were thus “bipolar,” with
the ethereal point set above and the ethereal-radiant point below. The axis of the stem
joined them, the “spiritual staff” of the plant. The purely ethereal point-at-infinity was
associated with the overall form and partook “in the spherical, embracing gesture—
concave towards the ethereal focus.” Radial points were also located throughout a plant’s
body where the physical process of supporting weight and transmitting fluid took place as
in the branching vascular system of leaves.
In the seed, these two points coincided giving a simple center-periphery
relationship. The germination of the seed created a bipolar form, separating the sun center
in the shoot from the earthly center in the roots. Specific flowering plants, like dandelions
and daisies, expressed this separation most simply as the hypocotyl remained at ground
level and was the crossing point of the lemniscate. The leaves, at ground level, suggested
a sphere, the center of which the flower appeared. A more complex sundering occurred in
plants which produced nodes along their growing stem, with each node having a new
ethereal center. Suggestive of the nodal points along a stem for Adams and Whicher was
to set the crossing point of the overall lemniscate of the plant as the lower center of a new
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Figure 18. “‘Caduceus’ Lemniscates” identifying
ethereal points at the nodes of shoot and flower.
From Adams and Whicher, The Plant between Sun
and Earth, plate 12.

lemniscate that shared the upper center of the original lemniscate. Repeating this process
formed lemniscates half the size of the preceding one (Figure 18). Rotating this series of
lemniscates further suggested phyllotaxis with the planes indicating the direction of the
leaves growing from the stem. Adams and Whicher understood this as a geometrical
account of Goethe’s concept of enhancement as each node repeated the original node of
the cotyledon, which Goethe had described as and Arber (Chapter 4) had concurred was
the first true leaf. Taking their interpretation of the node a step further than Arber’s partial
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shoot theory, each node was a repetition of the shoot and root.118 Adams and Whicher
called this a “Caduceus lemniscate” which gave “the basis for all variations of
phyllotaxis” and “must be regarded as illustrating a process and not merely a form.”
That process continued as the lemniscates moved up with the growth of the plant.
Goethe’s metamorphosis between flower and fruit signaled a shift in back towards the
original separation of the two ethereal points of the seed as it also introduced a convex
form into the concave forms that had characterized the development of the shoot. With
the carpel, the concave opening up of the leaves and subsequent organs was reversed and
turned inwards marking the beginnings of seed production. Here what had previously
been hollow within the leaves of the meristem and form of the flower began to fill with
substance. The stamen metamorphosed in the opposite direction, carrying the convexity
to a point where any trace of substantiality was almost completely lost. The ovary created
a dark, soil-like environment, while the stamen created a light and airy pollen. Pollination
then resolved the polarity of the plant introduced by germination by uniting the dark
ovary and light pollen, leading to the creation of fruit and seed.119
Adams and Whicher viewed phyllotaxis as one way a plant manifested “its own
particular nature” in addition to “some aspect of the structure of space as such.” 120
Phyllotaxis had been described in many ways from Goethe to Thompson. Adams and
Whicher’s account contained basic similarities to previous efforts, such as connecting
foliar and floral arrangements. Their use of ethereal space suggested a complex geometry
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of interrelated lemniscates instead of the relatively simple logarithmic spiral and
Fibonacci sequences. This fusion of geometrical thought with botany was one
culmination of Adams’s path beginning with his reading of Ostwald’s mathematical
treatment of chemistry and physics as a teenager. That path had several twists and turns,
as he moved between the refinements of mathematical thought found in Russell and
Whitehead and the spiritually infused worldview of Steiner. Adams took them all to heart.
By sharing his striving with Whicher, a more artistic path joined Adams’s. Together, the
two joined their scientific and aesthetic capacities to intertwine Goethe’s theory of
metamorphosis with the polar geometry of physical and ethereal spaces. After their
collaboration, they both continued to carry on what they had achieved in joint courses.
They also began to pursue more individual paths: Adams looking for more practical
applications, and Whicher turning to the fundamentals of her thinking.

Practical Applications and Social Significance of Ethereal Space
Adams and Whicher continued to work together, giving courses around Britain
and Europe. Adams developed further collaborative relationships, leading in 1959 to the
Institute for Research into Streaming Media, as part of the Society for Research into
Movement, in Herrischried, West Germany to research the movement of water.121 There
Adams applied his work with counterspace to water purification and “revitalisation”
Olive Whicher, Projective Geometry: Creative Polarities in Space and Time (London:
Rudolf Steiner Press, 1971), 275-276; Whicher, Sun Space, 73. The others in Institut für
Strömüngswissenschaften in Verein für Bewegungsforschung were Alexandre Leroi
(1906-1968), Theodor Schwenk (1911-1986), and Georg Unger. Hanns Voith, an
Anthroposophist in the paper making industry, helped to finance their research.
121
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techniques by drawing upon Sophus Lie (1842-1899) and Felix Klein’s (1849-1925) path
curves worked out for two dimensions. Adapting them to three-dimensions granted
Adams access to geometrical forms beyond logarithmic spirals and lemniscates. Out of
this geometry, Adams sought to describe geometric surfaces that would mimic the forms
of naturally flowing water. Adams brought the sculptor John Wilkes (1930-2011) to the
Institute in order to create models based on Adams’s calculations. Adams, however, did
not live to see their completion. Though Wilkes was not proficient in the mathematical
aspects of the forms, he continued to develop Adams’s thoughts in his models through
experimentation developing “Flowform” methods to induce “rhythmical, lemniscatory
oscillations” in flowing water. 122
In 1959, Adams suffered a coronary occlusion, and, despite carrying on much of
his work over the next two years, he never fully recovered, passing away March 30, 1963
in Birmingham.123 Adams left behind a large amount of unfinished material behind.124
Whicher viewed her own subsequent geometrical efforts as a continuation of Adams’s.
She drew directly on Adams’s unpublished work and drawings, while expanding on his
terminology.
After Adams’s death, Whicher turned her efforts more directly to projective
geometry. In 1971, she published the textbook, Projective Geometry: Creative Polarities
in Space and Time, intended for non-mathematicians.125 The book was a step-by-step
manual of how to do projective geometry centered around the concept of polarity that had
Whicher, Sun Space, 74, 77
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been central in her work with Adams. Whicher avoided any links to algebra and any indepth proofs, but did make connections to the history of art. Whicher edited two
collections of Adams’s essays covering Anthroposophy and how it related to science,
agriculture, and Rosicrucianism.126 Whicher’s next major work, Sun Space: Science at a
Threshold of Spiritual Understanding (1989), took a step back from the details of
projective geometry by including only a minimal amount of basic exercises and focused
instead on the motives and history behind her own practices and experiences. 127 Whicher
saw her Sun space as a further attempt to make “higher mathematics more generally
accessible” and show the applications of ethereal space to scientific questions. In her last
book, The Heart of the Matter (1997), Whicher dropped any trace of doing geometry to
give her attention to methods in science, and the biological sciences more specifically.128
Whicher’s last two books focused more and more on integrating Adams’s
concerns for scientific development and social change which he had first encountered as
a student at Cambridge and was a part of Steiner’s Anthroposophy. What Whicher called
“projective morphology” was key to this as a mode of thought that integrated Goethe’s
morphology with projective geometry. 129 The more visible and tangible aspects of science
and technology pointed to the potential power of science to transform the world, but it
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had not yet transformed thought. Recalling Adams’s freedom of the Holy Spirit that
incorporated developing new capacities of thinking, aesthetic judgments, and morality,
this failure of science manifested in the more problematic and destructive contributions of
science as any moral counterbalance was too weak. Whicher saw destruction on both a
social and environmental level, framing it all in Steiner’s cosmology.
Millions are starving in a world of seeming plenty there is so much suffering, the
forests are dying, in an otherwise all too light-hearted world. Humanity, too
hangs on the Cross… Today, it is not only the One Being, the Three-in-One and
One-in-Three, Who makes the supreme sacrifice, but men, women and children
the world over. Human violence is echoed in our day by the very violence of the
Earth herself, as the wrath of the Elemental Beings is expressed in civil and
natural catastrophe. We are called to awaken to what is really happening, and to
begin to recognize in truly modern scientific terms the laws and truths, which
have always been and always will be those of the ethereal worlds of Spiritual
Being.130
Training thought with projective geometry became a moral act as it was one way to
change the coldness of intellectual thought to a “warmth of understanding” in both
scientific and social settings.131 Projective geometry itself was inherently social as it
worked with relationships rather than quantities and symbols as the algebra behind
modern technology did.132 Ultimately, training thinking along these lines would lead to a
renewed understanding of religion as a way to reconnect with the spirit in life. The life
sciences in particular were significant in affecting a shift towards a more harmonious
balance between science and religion. 133
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Whicher also contextualized Adams’s work uniting physical and ethereal spaces
by placing it in polarity to the division of atomic fission his contemporaries worked from
to develop the atomic bomb.134 Adams’s driving question was “What is polar to the
conception of earth-space?” Earth-space, according to Whicher, was associated with
Euclidean geometry and was a space of “egoism” that was inherently directed outward, or
rather, was “explosive.”135 Peripheral-based projective geometry was creative.
Governance too was moving from its Euclidean associations of being ordered by a
centrally located figure towards governance by “circles of individuals” who worked
together and shared responsibility. This was all part of a larger Steinerian evolution of
consciousness that moved from a pre-spatial awareness where all beings lived together in
time into a cultural awareness of space that accentuated isolation and feelings of
separation. The more “social” spatial conceptions of projective geometry was, for
Whicher, a way to regain the feeling without losing spatial consciousness and all that
came with it.
Whicher ended her intellectual output in much of the same way that Adams had
begun his by focusing on ways to promote social cohesion. Adams found his way in the
Fabian Society at Cambridge and built on his youthful socialism in his encounters with
Russell and Steiner. With Russell, Adams’s interest in social reformation and science
stood side-by-side, with the more powerful tools of science offering a way to approach
governance. Steiner’s influence, with its strong Goethean emphasis, also addressed
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Adams’s social and scientific questions. Unlike Russell, however, the two were bound up
at a more fundamental level. While science was the most characteristic manifestation of
modern European culture, it was just one aspect of one stage in the evolution of
consciousness and the strength of its mode of thought needed to be balanced by aesthetic
and moral development. In her close association with Adams, Whicher took on many of
these attitudes in her own work. The influence of Adams among others within
Anthroposophical circles, however, particularly that of Edwards, was much more strictly
scientific.

Lawrence Edwards and the Continuation of a Legacy
Lawrence Edwards was one of the primary individuals to carry on the work of
Adams and Whicher. During Adams and Whicher’s lecture tours after the war in 1951,
they made a stop at the Edinburgh Rudolf Steiner School where Edwards was a primary
school teacher.136 During these lectures, Adams would lead the course while Whicher
assisted him.137 Edwards described Adams as having the “remarkable ability to take the
most abstruse mathematical concepts and make imaginative realities of them, without
sacrificing the essential precision of thought in which they had been conceived.” 138
Whicher described Edwards as “one of those who has assimilated the mathematical
aspect of George Adams’s scientific work most competently.”139 Edwards extended
Adams’s development of path curves as the next step beyond Adams and Whicher’s use
Whicher, Heart of the Matter, 45-46.
John Brett, interview by Andre Hahn, August 4, 2016.
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of lemniscatory forms in describing the interaction of plants with ethereal and physical
space.
Edwards first published his work in the Mathematical-Physical Correspondence,
a technical journal published at the Goetheanum.140 Over his lifetime he published
sparingly, with several publications appearing as revisions of and additions to previous
work. His first published book, Field of Form (1982), gathered together and revised
previous articles while adding explanations for more popular audiences. 141 Edwards’s
next major publication, Vortex of Life (1993) took Field of Form as a starting point for
revisions and additions.142 Besides his work applying projective geometry to organic
forms, Edwards also wrote a textbook, Projective Geometry (1985), based on the lectures
he had given in Edinburgh to interested adults beginning in the mid-1960s.143
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Unlike Adams and Whicher’s broader oeuvre, Edwards did not make strong
connections to social reform. His focus was on the reformation of thinking through the
combination of Goethean observations and Steinerian pure thought embodied in
geometry. With the cultural elements lessened, Edwards’s style was more abstract and
geometrical that Adams and Whicher. Unlike Adams and Whicher, Edwards’s work was
picked up briefly by professional mathematicians. He most often used the term
counterspace in contrast to Whicher’s Sun space. The polar nature of counterspace to
Euclidean space remained, but Edwards differentiated between the positive space ruled
by an “extensive absolute” and counterspace ruled by an “intensive absolute.”144 But this
account of counterspace did not exclude its relationship to different forms of
consciousness based on Steiner’s framework. Edwards’s counterspace, like Adams and
Whicher’s, was a way to study the etheric realm. The extensive, positive space of
Euclidean geometry corresponded to physical bodily consciousness which one
experiences as a “point-centred” being looking out on the world around them. The polar
case of this would then be a peripheral consciousness that could look inward to an
“intensive not-self.” Though Edwards briefly engaged in discourses on the context and
potential meaning of counterspace, his main interest lay in applying it to natural
phenomena.
Edwards carried Adams’s work with path curves, which he had focused on more
after his collaboration with Whicher, further by using “growth measures” to construct
three dimensional curved forms—similar to eggs or pine cones—and vortices from
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straight lines. Whicher described measures, of which Adams identified two, as the end
result of doing projective geometry, the opposite of what normally occurs in Euclidean
and other spaces that began with measurement.145 One type, step measures, gave an
arithmetical progression such that the distances between points on the original line, when
projected onto another line, gave distances that were additively consistent. Growth
measures gave a geometrical progression such that the resultant distances demonstrated a
logarithmic progression, as in nautilus shells and phyllotaxis. Edwards described how
step measures were derived from growth measures, and thus more fundamental than the
step measure as those distances demonstrated a logarithmic progression. A further
distinction between the two pointed out by Whicher was that step measures only utilized
“one infinitude,” the line or plane at infinity whole growth measures utilized “two
infinitudes,” the line- or plane-at-infinity and a point-at-infinity.146 Edwards used the
growth measure applied to the entirety of three-dimensional space to derive path curves
from its surface. Edwards used these path curves to describe the forms of eggs, hearts,
and buds.
The number of forms describable by path curves was limited geometrically.
Edwards defined these limits by λ, a value representing the relative speeds of the path
curves winding around his surfaces (Figure 19). When λ equaled 1, the form produced an
elliptical cross-section. As λ approached 0, the cross-section becomes sharp at one end
and blunt at the other. As λ approached infinity, the sharpening and blunting occurred at
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Figure 19. Representation of various λ values from Edwards and
Calderwood. From The Vortex of Life: Nature’s Patterns in Space and
Time.

the opposite sides. Edwards used λ then as the factor describing the variation of the
overall forms of the egg or bud.147 As it related to plant buds, Whicher described λ as “a
most important and also a very sensitive parameter, appearing as a projective growth
measure, along the central axis of the bud, from base to tip; in other words, it is a
function of the line at infinity within—the functional infinitude—of the bud.”148 This
significance of λ emerged as Edwards applied his geometrical conclusions to his own
observations of plants.
In applying his geometrical explorations to the plant world, Edwards found four
different possibilities: seed formations like pine cones, “tightly-packed” inflorescences
John Blackwood, Geometry in Nature: Exploring the Morphology of the Natural
World through Projective Geometry (Edinburgh: Floris Books, 2012), 147.
148 Whicher, Sun Space, 78.
147

"316
like rhododendron, deciduous tree leaf buds like oak and elm, and flower buds
generally.149 Edwards’s methods in making observation of plants maintained an idealistic
perspective where “the actual plant which one sees before one is the material (and
perhaps imperfect) embodiment of a perfect and ideal form which constitutes the true
nature of the species.” In order to get at this ideal form, Edwards took an average of
measurements from several photographs of buds to smooth over any irregularities due to
the buds or his photos. Edwards determined the standard mean λ deviation of plant buds
to be 10%, a deviation that indicated that the “eye can hardly see the difference” between
the averaged observed buds and the mathematical ideal. Edwards used his mean to
evaluate several different types of buds.
For Edwards, λ started out as a potential species indicator. As he collected more
and more measurements however, he found that λ varied greatly even within the same
species and would not be reliable as such. What he did find was that λ, when high, was
correlated with what he identified as “tension,” which was greater when a form was
pointed at one end and broad at the opposite. Lower λ with less “tension” occurred in
more oval forms.150 Edwards grouped different buds around these two forms, with the
more tense form characterized by the rose bud and the less tense by the snowdrop.
When examining what happened as flower buds open, Edwards started with the
geometry, presenting a case for both the rose and snowdrop type buds, describing how
gradually reducing λ led to oval forms that opened up more at the top as a flower bud
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might.151 This was generally what Edwards found, but for one unexpected movement first
observed in the buds of winter jasmine that suggested the buds slightly contracted before
opening up. After confirming his initial observations, Edwards looked for the
contractions, or “climax” as he called them, in other buds. Among them, he observed that
the top and bottom of flower buds did not necessarily express the climax at the same time
or intensity, and the bottom half of snowdrop buds did not express it at all.
Edwards stressed that path curves and path-curve surfaces did not exist in
isolation, but required an infinite system, or “field,” a concept also briefly suggested by
Adams and Whicher.152 This field was the source of formal activity out of which one
physical form of a bud manifested. This “field of form” was different from the physicists
field of force as the former was purely formal and the latter spatial. The field of form then
was independent of physical space.
This [field of form] can be brought to visible manifestation by the organism of
the plant, when it immediately and necessarily accepts limitations of place and
size: and I dare to hope that in the field of form this same entity comes to
expression in the mind of the thinker, whereupon on his drawing-board it takes
visible form… But when one compares these two things, the plant reality, and the
mathematical drawing, they are found to be identical in form, because this is the
thing which gave birth to them both.153
Like Goethe’s letter to his friend Johann Gottfried Herder describing his discovery of the
Urpflanze on his travels in Italy, Edwards had found a geometrical process that resulted
in forms that could be found in nature.
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Edwards found early confirmation in his results in the work of Clopper Almon, an
economist at the University of Maryland.154 Almon took an interest in Edwards’s work
and employed linear algebra rather than projective geometry, but came to similar
conclusions. P. L. Antonelli at the University of Alberta’s Department of Mathematical
Sciences later followed up on Almon’s work exploring buds Edwards had not
considered.155 After Field of Form, Edwards continued his research on plant buds which
led to Vortex of Life (1993). Edwards’s activity after this was to publish a supplement for
each of the next seven years, getting more into the associations of bud placement and
planetary paths using his λ values.156 Edwards passed away before he could incorporate
these supplements into the next edition of Vortex of Life. That was left for Graham
Calderwood.
The painstaking work Edwards had carried out drew the attention and interest of
others who wished to make their own contributions. Calderwood was in the audience of
one of Edwards’s lectures at the Aberdeen Camphill School, a school based on the ideas
of Karl König (1902-1966), an Anthroposophist who fled Austria in 1939.157 There
Edwards, Field of Form, 91-92; Clopper Almon, “Path Curves and Plant Buds: An
Introduction to the Work of Lawrence Edwards,” Professional Papers of the International
Institute for Applied Systems Analysis 5 (1979).
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Edwards described his work with path curves as applied to pine cones, buds, eggs, and
hearts. Calderwood was so taken with what Edwards had described that he took up
corresponding with him. As time went on, the two began collaborating along with others
interested in the applications of projective geometry in science and meeting at Edwards’s
home in Stontian, Scotland for conferences. While Calderwood carried out his own work,
he also worked with Edwards on revising Vortex of Life for its final, 2006, edition.
Calderwood also created “The Bud Workshop Program,” a computer program to
determine the path curves of plant buds without needing to know the details of the
geometry and collect all the measurements in its own archive. 158
In Australia, John Blackwood (d. 2015) carried on Edwards’s work to some
extent, though Blackwood’s interests in relating geometry to natural forms was much
broader.159 Blackwood and Edwards met in 1976 while Edwards was on a lecture tour in
Australia.160 Like Calderwood, Blackwood took advantage of the greater availability of
computers. When Edwards first began he used slide rules and logarithmic tables. Given a
computer in the early 1980s, Edwards used it to plot “the archetypal bud form,” a copy of
which he sent to Blackwood. This inspired Blackwood to purchase a Casio
programmable calculator, which he used for his own plotting. While Blackwood
continued to work by hand for a good amount of his work, the appearance of computer-

Graham Calderwood, “The Bud Workshop Program,” The Bud Workshop, accessed
December 16, 2016, http://budworkshop.co.uk/index.html.
159 Blackwood, Geometry in Nature; John Blackwood, Mathematics in Space and Time,
Waldorf Education Resources (Edinburgh: Floris Books, 2006); John Blackwood,
Mathematics around Us, Waldorf Education Resources (Edinburgh: Floris Books, 2006).
160 Blackwood, Geometry in Nature, 145-149
158
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generated images was hard to ignore. Like Calderwood, Blackwood began integrating
photographic images with computer plots derived from working through the processes of
projective geometry. This included overlaying path-curves onto photographic images of
buds, cones, cacti, and pineapples, some giving better results than others. Advances in
computer technology and color printing for publishing made it much easier for
Blackwood to show what Edwards could only describe and suggest in illustrations.
Edwards hoped that he could come close to emulating the observations made by
Goethe, but felt he was far from it. His interests and abilities, however, were more akin to
approaching the world from a Steinerian perspective of pure thought as found in
geometry. With his geometrical capabilities in hand he was able to begin approaching his
goal. While his approach varied slightly from Adams and Whicher’s in following a more
technical style, he picked up on Adams’s growth measure as key to describing nearellipsoid-like organic forms like eggs, buds, and hearts. While his initial expectations of
finding a mathematical way to indicate species was disappointed, he was able to begin
uncovering some patterns within the plant kingdom. Inline more with his sympathies of
exploring pure thought, Edwards pushed further into the geometry to describe the field of
form that generated the organic forms he had discovered. Just as Adams and Whicher had
inspired him, Edwards inspired others with his geometrical exploration of the natural
world.
Though it took longer to achieve, Goethe’s morphology as extended by Adams
and Whicher eventually joined with computer technologies in the work of Calderwood
and Blackwood just as Thompson’s science of form had done in the work of Alan Turing
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(Chapter 5). One likely reason for the discrepancy of when these events occurred was the
extremely different levels of institutionalization. Turing had access to technology through
the University of Manchester. Adams received his first grant in 1945, right before he and
Whicher collaborated on their publications. Edwards and others were primary and
secondary educators. Additionally, it is also likely that among Goethean scientists,
observation was given a greater weight. This value appeared in other locations within
Anthroposophical communities as an aversion to technology.161 Because of the latter, it
seems unlikely that institutional circumstances would have led to an early adoption of
computing technology.
Within the context of this dissertation, the strand of Goethean science explored in
this chapter can be compared to a synthesis of Arber (Chapter 4) and Thompson’s
(Chapter 5) approaches to morphology. In several cases those similarities can also apply
to Goethe. Adams and Whicher held in common with Arber the closeness of science and
art. Something they both shared with Goethe. Like Arber, Adams and Whicher had strong
inclinations towards mystical understandings of the world. Unlike Arber, Adams and
Whicher’s ideas, by way of Steiner’s phenomenologically-infused Christian cosmology
and its corresponding evolution of consciousness, preceded their morphological work and
situated it within a larger movement for social reform that was strongly informed by
For an early example of this within general Anthroposophical thought, see Hermann
Poppelbaum, “Influences of Technical Contrivances on Human Consciousness: With
Special Reference to Cinema,” Anthroposophy 6, no. 4 (Christmas 1931): 351–369; For
more recent examples of this in the legacy of Steiner’s pedagogical thinking among
younger grades see David Mitchell, ed., Colloquium on the Computer and
InformationTechnology with a Mini-Colloquium on Math Tracks, vol. 4 (Wilton, New
Hampshire: AWSNA Waldorf High School Research Project, 2002).
161
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Goethe’s morphological methods and perspective. Adams and Whicher just needed to
follow the details of this broad context into the plant world. Arber, on the other hand,
started with the detailed practice of morphology and found philosophical and mystical
ideas that fit with those experiences to work out her own worldview.
Unlike Arber or Thompson, Adams and Whicher, again by way of Steiner,
brought a strong striving for social reform to their work. Adams’s outrage and dissent
during the First World War encouraged by Russell, found a less outwardly combative
home under Steiner where his interests in applying geometry to the natural world became
a rebellious act that struck at the heart of a destructive materialistic culture. Later in life
Whicher also took up this cause publicly in her own publications and found the change in
thinking that resulted from studying projective geometry necessary to overcome issues
like hunger and environmental destruction. The new way of thinking would not lead to
direct applications; but rather as a geometry oriented around relationships, it would shift
consciousness towards a state that more readily considered others.
Like Thompson, Adams and Whicher joined mathematics and morphology using
physics as a model. But each used a different form of mathematics and had different
understandings of how it related to biological entities. Thompson adapted Cartesian
geometry, and its variant polar coordinate system, to describe the physical appearances of
organic phenomena. Adams drew on his early interests in physics, chemistry, and
geometry while at Cambridge and under the guidance of Russell to get at a more
fundamental connection between mathematics and the natural world. His and Whicher’s
distinction between physical and ethereal space not only found descriptive applications
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but revealed how organic processes like phyllotaxis structured space in the interaction of
the physical and ethereal aspects of the plant body. Edwards’s field of form suggested
something similar. In both Thompson and Goethean science, Goethe’s desire expressed in
relation to his color theory that mathematicians come along to work out the mathematical
aspects of his thought had been fulfilled in relation to his morphological work.
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Chapter 7 - Conclusion

This dissertation covers but a portion of the Anglophone reception of Johann
Wolfgang von Goethe’s scientific work in the twentieth century. The subjects covered
illustrate the range of Goethe’s positive impact in light of harsher criticisms against his
work. They also demonstrate the different ways in which Goethe was received. Botanists
used Goethe in their debates to signify outdated forms of morphology while others saw
his methods as still relevant. Agnes Arber and D’Arcy Thompson understood Goethe as a
historical figure and built their own work upon his. George Adams and Olive Whicher
saw him more as a seed out which their own work could develop. Additionally, despite
the claims of some scientists and historians that Goethe was hostile to mathematics, his
morphology became associated with two different strands of mathematical applications
within biology. Thus, like Goethe, his reception was multifaceted.
During the course of my research, the subjects of each chapter opened up new
areas of inquiry which I wish I could have followed further. Many of these areas go into
topics of concern for historians of biology and science including questions of
demarcation and the popular reception of scientific ideas. Goethe himself offers some
insight into these questions as Chapter 2 shows. Of interest to historians of biology, and
botany in particular, is the potential for a more detailed study of morphology that covers
the nineteenth and twentieth centuries from Goethe to the present. Nineteenth-century
botanists developed the terminology and expanded their studies into non-angiosperm and
fossilized specimens, efforts pointed to by new morphologists as key to their own
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projects. Since many of the historical studies of morphology discussed in Chapter 1 have
focused on zoology in only one century, or the short period surrounding the turn of the
century, this dissertation has shown the necessity of bringing the history of plant
morphology under a larger narrative arc. This could, I think, provide additional material
suggesting that morphology, or most certainly varieties of it, maintained relevance in the
twentieth century. The work of Arber, her mentor Ethel Sargant, and her husband E. A.
Newell Arber would likely play a significant role in this narrative and possibly recenter
our understanding of the multiple trajectories of botany and biology in the twentieth
century.
The history of biology more generally would benefit by a more detailed look at
the connections between D’Arcy Thompson and Alan Turing’s work and its relationship
to the application of computer technologies to biological questions, particularly those of
form. Biologists like Hans Meinhardt, Fred Bookstein, and others explored and further
elaborated Thompson and Turing’s ideas in the 1970s and 1980s.1 Mathematician John
O’Connor at St. Andrews University demonstrated for me during my research travels a
computer program he had developed with Edmund Robertson in the mid-1990s that put

Hans Meinhardt, Models of Biological Pattern Formation (London: Academic Press,
1982); Fred L. Bookstein, “Orthogenesis of the Hominids: An Exploration Using
Biorthogonal Grids,” Science 197, no. 4306 (1977): 901–4; M. A. J. Chaplain, G. D.
Singh, and J. C. McLachlan, eds., On Growth and Form: Spatio-Temporal Pattern
Formation in Biology, Wiley Series in Mathematical and Computational Biology
(Chichester: John Wiley and Son, 1999);
1
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Thompson’s transformation grids into motion. The use of computers to describe form as
Thompson had done has been of continued interest into the twenty-first century.2
These suggestions for further inquiry are indeed small in comparison to long and
nuanced reach of Goethean science. My treatment of Adams and Whicher covers only
one aspect of their work yet they were clearly part of a significant international network
of scientists drawing on Rudolf Steiner’s Anthroposophy. Because of Anthroposophy's
position outside of the conventional scientific discourses and institutions marking the
twentieth century, it offers several case studies to test the demarcation of science from
non-science. In our age of scientific outreach and the necessity to consider such activities
on our grant applications, it is well to remember that Goethean science has been largely a
science of and for amateurs. This suggests that confronting the public's disenchantment
and in many cases incomprehension of mechanistic interpretations of nature with
“alternative” scientific styles may actually cause people to examine scientific ideas and
science-laden discourses. At the same time, the influence of Goethean science on the
science curriculum of Waldorf education has led to questions as to its status as a science.3
Research programs like those looking at the influence of the planets on mineral solutions
and plant growth could test Micheal Gordin’s identification of pseudoscience as the
mimesis of science or Thomas Kuhn’s notion of scientific paradigms.4 Questions of
Sanjeev Kumar and Peter J. Bentley, eds., On Growth, Form and Computers (London:
Elsevier Academic Press, 2003).
3 David Jelinek and Li-Ling Sun, “Does Waldorf Offer a Viable Form of Science
Education” (College of Education California State University, 2003).
4 Michael D. Gordin, The Pseudoscience Wars: Immanuel Velikovsky and the Birth of the
Modern Fringe (Chicago: University of Chicago Press, 2012); Thomas Kuhn, The
Structure of Scientific Revolutions, Second (Chicago: University of Chicago Press, 1970).
2
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scientific legitimacy are abiding and persistent, and recent waves of skepticism toward
science are somewhat similar to the problems confronted by Goethe and his legacy. Thus
it is unsurprising that those claiming to follow Goethe's methods would face similar
scrutiny.
Recent treatment of Goethe by Astrida Orle Tantillo sought to get around the
difficult question of Goethe’s scientific credentials by invoking the work of Goethean
scientists to reframe the question.5 Rather than assessing Goethe as a scientist, Tantillo
characterized him as a natural philosopher, with the emphasis on philosophy. While
Tantillo’s tactic presents promise, it does not take seriously the fact demonstrated here
that scientists have felt the need to respond to Goethe’s work, whether in positive or
negative fashions, as science. Tantillo’s position rests on a comparison drawing on the
more philosophical attitudes of Goethean scientists. The specific Goethean science
writers Tantillo points to, such as the English philosopher Henri Bortoft (1938-2012),
support her case as they are more philosophical than scientific; but as we have seen with
Adams and Whicher, there is also a less philosophical and more mathematically-based
strain of Goethean science, and Goethe’s legacy as a scientist is more complex than
understanding him merely as a natural philosopher.
Another subject I leave for future investigation also relates to the problem of
demarcation and the popular appeal of science. This is clearly a tension in the work of
the contemporary biologist Rupert Sheldrake (b. 1942). Like Goethe, Arber, Thompson,

5 Astrida

Orle Tantillo, The Will to Create: Goethe’s Philosophy of Nature (Pittsburgh:
University of Pittsburgh Press, 2002), ix-x.
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Adams, and Whicher, Sheldrake is interested in understanding the forms of nature and
addressing alienation and disenchantment brought about by mechanistic interpretations of
nature. Sheldrake’s approach has incorporated explanations of psychic phenomena and
situated his own thought within the context of the history and philosophy of science. Like
others in this dissertation, he also had difficulty finding a welcoming place for his ideas
within conventional settings. Sheldrake’s first popular book, A New Science of Life
(1981), described his hypothesis of morphic resonance as a non-genetic way to describe
the inheritance of organic forms. Its review in Nature was titled “A book for burning?”6
Sheldrake interested me initially because his website autobiography refers to
Goethe as an important influence in his work.7 However, once I got into his writings, I
did not find as many references to Goethe as I expected. As part of my research, I was
able to interview Sheldrake at his home in London. 8 There, Sheldrake showed me his
“hall of fame” above his desk that included four postcard portraits. The largest—centered
above portraits of the naturalist Alfred Russel Wallace (1823-1913), the psychical
researcher Frederick Meyers (1843-1901), and Charles Darwin—was of Goethe.
Sheldrake explained that he did not initially read Goethe directly, but first came upon him
in two essays in Eric Heller’s The Disinherited Mind (1971) while at Cambridge.9 What

Rupert Sheldrake, A New Science of Life: The Hypothesis of Formative Causation
(London: Blond and Briggs, 1981); “A Book for Burning?,” Nature 293, no. 5830
(September 24, 1981): 245–46.
7 Rupert Sheldrake, “Autobiography,” Rupert Sheldrake, accessed February 8, 2016,
http://www.sheldrake.org/about-rupert-sheldrake/autobiography.
8 Rupert Sheldrake, interview by Andre Hahn, September 29, 2016.
9 Erich Heller, The Disinherited Mind: Essays in Modern German Literature and Thought
(London: Bowes & Bowes, 1971).
6
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struck him was Goethe’s holistic and phenomenological approach more than the details of
his work. “Looking at the whole plant,” as he described it, was what influenced him the
most. Reading these essays spurred Sheldrake’s interest in the history and philosophy of
science, and he would then go on to spend a year at Harvard studying the subject. Back at
Cambridge University studying biochemistry under Donald H. Northcote, Sheldrake
interpreted his research on the plant growth hormone auxin in terms of the “Goethean
idea” of polarities as it spanned processes of life and death and held significance for form
and function. Sheldrake provides another example, alongside Thompson, of how
Goethe’s influence is not necessarily explicit in an individual’s work as it was with Arber,
Adams, and Whicher, but is present nonetheless.
Goethe is a unique individual to trace into scientific discourses. Yet he is not
primarily viewed as a scientist among English speakers. His legacy rests largely on his
literary output where artistic concerns fit in more readily than scientific ones. Yet Goethe
described his own work on color theory as an effort to help artists understand the subject.
Additionally, his morphology held similarities to his understanding of the development of
artistic style. In this sense Goethe’s morphology is an expression of Michel Serres’s
notion of how modalities as supposedly dissimilar as art and science both work to
translate natural phenomena.10 Translation, in this sense, has implications for how one
attempts to understand not just other languages, but the non-human as well. What sorts of
languages do we translate the non-human into so that they can then enter into our
Michel Serres, Hermes: Literature, Science, Philosophy, ed. Josué V. Harari and David
F. Bell (Baltimore: Johns Hopkins University Press, 1982), 54-62. Serres compared Sadi
Carnot’s account of the steam engine with the paintings of J. M. W. Turner.
10
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discourses? Are we able, as Gayatri Chakravorty Spivak suggests of human languages, to
translate non-human languages in such a way that non-humans may have something like
a first language that our translations end up distorting?11 Pushing even further beyond
Spivak’s notion of a first language, Graham Harman has suggested that any form of
communication between any two objects entails some form of translation as their
interactions on a qualitative level do not convey what is real about them as objects.12 In
this sense Goethe’s striving and his “multilingual” efforts in understanding the world
using his morphological methods and his literary, historical, and philosophical abilities
can be understood as a way of circumventing the limitations pointed to by Spivak and
Harman to address distortions arising from a single translation. As this dissertation has
demonstrated, this quality of multiple translations and selective reception of ideas was
common among Arber, Adams, Whicher and others influenced by Goethe.
That those following Goethe adopted a variety of ways to translate the phenomena
they studied may have something to with the fact that plants are weird. And I mean this in
a strict philosophical sense described by Timothy Morton that something is weird when
“it is real, yet beyond concept.” 13 To state the obvious, plants are real. But they take on a
baffling amount of forms, forms that never stay still and develop into other forms. It is
hard even to point to the form of a whole plant since they are partially underground,

Gayatri Chakravorty Spivak, Nationalism and the Imagination (Chicago: Seagull
Books, 2010), 74.
12 Graham Harman, The Quadruple Object (Winchester: Zero Books, 2011).
13 Timothy Morton, Dark Ecology: A Logic of Future Coexistence (New York: Columbia
University Press, 2016), 1. Morton was discussing the taboo nature of the future. But his
definition of the “weird” is still apt.
11
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partially in the past, and partially in the future. One way to approach the whole form of a
plant is aesthetically, as an appearance. Goethe, Arber, Adams, and Whicher all took this
into account in their studies. But this leaves a form without a concept attached to it. And
it is at this point that botanists enter the picture.
As discussed in Chapter 3, botanists have put a lot of effort into conceptualizing
the forms of plants. Some of these forms—like leaves, stems, roots, and petals—are
familiar. What Goethe recognized in his theory of metamorphosis was that plants
themselves provide concepts, in the form of forms, to interpret one another. The tension
created by describing a petal as a leaf leads the mind to think how they are different and
thus begin to conceptualize them. Plant morphologists carried Goethe’s methods forward
by creating additional conceptualizations of forms, like the sporophyll and thallus, which
were tied to heavily conceptualized forms like leaf, seed, etc. All these efforts by Goethe
and other botanists, including bringing geometrical concepts to bear, in making these
interpretations and creating these formal concepts have been efforts to make plants less
weird.
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