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As a critique of some of the uses architects have 

made of biology over the past ninety or so years, 

I started cataloging the ways in which architects 

have written about cellular biology and biologists 

have written about architecture. Particularly in the 

years since 1950, rapid advances in microscopy, 

visualization, and other technologies—coupled 

with an increasing obsession with technology in 

the discipline of architecture—led certain schools 

of architects to propose seemingly nonsensical 

biomimetic gestures, like replacing walls with 

membranes in order to achieve greater social 

and environmental fluidity. Looking back 100 
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years earlier, however, when naturalism was 

a popular pursuit amongst the educated and 

before fields like cell biology and architecture 

became hyper-specialized, the cross-pollination 

between architectural theory and biology was more 

mainstream and theoretical. In fact, in the 19th 

century, biology texts were largely philosophical; 

they typically had a single author, were often 

written in the first person, and contained personal 

musings. Logic was typically the primary tool used 

to develop scientific theories. Notably, for example, 

several historians of science have suggested 

that early 19th-century biologists mistook visual 

artifacts of microscopy for cell membranes not as a 

result of compelling scientific proof that cells had 

membranes, but rather because of Enlightenment 

attitudes emphasizing the importance of the 

individual self.1

Membranes were not definitively described and 

differentiated from cell walls until the late 19th 

century, but when Goethe wrote “On Morphology” 

in 1807, he claimed that “All things, if they are to 

have a vital effect, must be enveloped. Thus all 

things that are turned towards the outside yield 

prematurely to gradual decay—it is below the 

surface of these unliving husks, or at a deeper level, 

that the originating fabric of life is brought forth.”2 

Goethe thus makes explicit the deeply ingrained 

conviction that the organization of life at every 

level requires boundaries. While psychological 

and social barriers are regularly brought under 
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scrutiny, few question the fundamental need for 

real, physical, solid boundaries to keep at bay the 

forces that would undermine life. The mutually 

reinforcing, dichotomous duo of interior and 

exterior is a necessary organizing mechanism to 

ensure that there is a clear distinction between 

life and death—an organizing principle so basic 

in modern Western society that it seems to go 

without saying. Goethe envisions cell walls (which 

at the time were not distinguished in theory from 

membranes) as inert matter—“unliving husks”—

protecting the life within, like a house.

The first cells to be viewed under a microscope 

were the “unliving husks” of a dried piece of cork, 

compartments formed by its desiccated cell walls 

and observed by English microscopist Robert 

Hooke in the 1660s (fig. 1). Hooke coined the 

term “cells” because of the perceived similarity 

to monastic cells, thus ensuring the link between 

architecture and cellular biology in the public 

imagination. The monastic reference further 

ensured that the cell would become a powerful 

metaphor in discussions about the relationship 

of the self to the collective, of introspection to 

society. Advances in cellular biology were slow for 

the next 150 years, picking up again in the early 

19th century with advances in microscopy which 

allowed German physiologist Theodor Schwann 

and botanist Matthias Schleiden to develop the cell 

theory in the 1830s (fig. 2). This theory stated that 

cells were the basic structural and organizational 
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units of all plants, animals, and other living 

organisms. Also in the 1830s, Scottish botanist 

Robert Brown defined the nucleus. At the time, 

the nucleus was not yet believed to be universal 

among all cells, although most biologists already 

accepted the universal presence of the cellular 

container, the wall or membrane. The enclosure 

was fundamental partly because cells were believed 

Fig. 1: The 
first drawing 
of cells, from 
dried cork, in 
Robert Hooke’s 
Micrographia 
(1665).
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to operate largely independently of one another, 

even within an organism. For instance, in his 1830 

botany textbook Phytotomie, Prussian physician 

Fig. 2: Matthias 
Schleiden’s 
drawings of 
plant cells from 
“Beiträge über 
Phytogenesis,” 
Müller’s Archiv 
für Anatomie 
and Physiologie 
(1838).
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Franz Meyen called plant cells “little plants inside 

of larger ones."3

While the debate about enclosure remained heated 

throughout the nineteenth century, interest in the 

cell’s contents also grew. By the end of the century, 

Appleton’s Popular Science Monthly reported that 

the “real cell is a living thing which nourishes itself 

and grows” and that “the cell membrane, which is 

rarely present in animals, was relegated to the list 

of unessential constituents, and the vital center 

was transferred in mind to the cell contents.” 

The author of this article, naturalist James Ellis 

Humphreys, claimed that people persisted in 

thinking mistakenly of cells as “tightly closed 

chambers” out of conservatism (fig. 3).4

One of the first architects to describe architecture 

in terms of a membrane, though he did not 

make explicit reference to cellular biology, was 

Gottfried Semper, in his foundational Four 

Elements of Architecture (1851), a text said to have 

been inspired by the comparative and taxonomic 

natural history texts of the early 19th century. For 

Semper, the primary element driving the creation 

of architecture was the hearth, while the other 

three elements—the roof, the enclosure, and 

the mound—develop around it. Together, these 

form Semper’s version of the “primitive hut,” the 

mythical and somewhat paradisiacal origin of 

architecture (fig. 4). Notably, Semper’s hut has no 

load-bearing walls but is enclosed by textiles; the 
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purpose of his primitive walls is only to separate 

inside and outside, not to provide structure. This 

enclosure binds the inhabitants together into a 

bundle with the light and heat produced by the 

hearth. The primitive boundaries are flimsy and do 

not provide security, which is introduced only later 

with solid structures like masonry walls; hence, the 

true walls’ function is primarily inclusion, rather 

than exclusion, implying that the contents (people, 

energy) fill the space right up to its boundaries, 

while external forces are negligible or simply 

irrelevant. This image evokes the most basic cell 

model as articulated in the 1830s, with nucleus, 

membrane, and that most mysterious of contents, 

the cytoplasm, also sometimes called protoplasm. 

In Semper’s model, the nucleus corresponds to the 

hearth, the membrane to the enclosure, and the 

Fig. 3: Diagram 
of mitotic plant 
cell division, 
James Ellis 
Humphreys, 
“Some Modern 
Views of the 
Cell,” Appleton’s 
Popular Science 
Monthly 49 
(May 1896).



187“Below the Surface of These Unliving Husks”

Fig. 4: Gottfried 
Semper’s 
“Caribbean 
Hut” from The 
Four Elements 
of Architecture 
(1851).

cytoplasm to the vital contents, including people 

and energy, possibly equating to life itself.

Since the 19th century, one of the bases for 

comparing cellular and social organization is the 

drive towards homeostasis or equilibrium, which 
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may be mistaken for calm or stasis. If there is one 

lesson to be learned from cellular organization, it 

is that homeostasis requires constant movement 

and permeability, which in turn requires high 

energy expenditure. Goethe made the mistake 

of assuming that cell membranes must be inert 

matter in order to contain life, as though life itself 

could be maintained while also being hermetically 

contained. Semper did not make this mistake. 

Semper called the primitive hearth fire “the 

first sign of human settlement and rest after the 

hunt, the battle, and wanderings in the desert."5 

While a reader might focus on the “rest after” as 

referencing the shift to increased stability after a 

less developed, nomadic lifestyle, there is actually 

nothing to suggest that Semper’s settlers stop 

hunting, battling, and wandering. They leave and 

return to the hearth daily, cohering as a whole 

inside of their boundary primarily at night.

One of the most commonly referenced examples 

of simple cellular social organization and a major 

curiosity for Victorian naturalists, the slime mold, 

manifests similarly cyclical congregation. Slime 

molds are comprised of single-celled organisms 

which interact with each other to form much 

larger moving bodies, in some cases with highly 

differentiated cooperating parts, for the purposes 

of feeding and/or reproduction. Mid-19th-century 

German biologists Heinrich Anton de Bary and Max 

Schultze, two proponents of the membraneless cell 

model, used the motion of slime molds as evidence 
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against cellular enclosure (fig. 5). Schultze believed 

that slime molds—and animals—would not be able 

to move if their cells were bounded by membranes, 

that cells all started out without a membrane, and 

that an exterior wall may develop over time due to a 

hardening process.6 

To give you an idea of what these biologists 

witnessed when they observed these compelling 

plasmodial communities, here is a description 

from a mid-20th-century biologist arguing for the 

psychical activity of cells:

In one group of slime molds… the individuals 

are single cells, each a very tiny and quite 

independent bit of protoplasm resembling 

a minute amoeba. These… multiply by 

simple fission and in great numbers. When 

this has gone on for some time a curious 

change comes over the members of this 

individualistic society. They cease to feed, 

divide, and grow, but now begin to mobilize 

from all directions toward a number of 

centers, streaming in to each, as one observer 

describes it, like people running to a fire…. 

These simple cells do not fuse, but each keeps 

its individuality and freedom of movement. 

The whole mass now begins to creep over the 

surface with a kind of undulating motion… 

[until] it settles down and pulls itself together 

into a roundish body. Now … certain cells 

fasten themselves securely to the surface and 
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there form collectively a firm disc. Others 

in the central axis of the mass become 

thick-walled and form the base of a vertical 

stalk. Still others, clambering upward over 

their comrades, dedicate themselves to the 

continued growth of the stalk.7

Borrowing from the slime mold model, it is 

possible to read Semper’s hut not as a traditional 

cell, the outdated “tightly closed chamber” model 

which Appleton’s Scientific Monthly derided, and 

more as a gathering center point about which 

bodies pulse, alternately contracting in tightly 

and expanding out well past the boundaries of 

Fig. 5: Diagrams 
of myxomycetes 
(slime molds) 
from Heinrich 
Anton de Bary’s 
Comparative 
morphology 
and biology 
of the Fungi, 
Mycetozoa and 
bacteria, 1887.
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the enclosure. The vital energy generated by the 

hearth—heat and light—might be sustained 

within the enclosure, but in reality it is likely not 

stoked equally throughout the day. The membrane, 

which is necessarily fully permeable to bodies, 

may at times serve not as enclosure of anything (or 

anyone), but only as a husk, awaiting the return 

of life. This model calls into question Goethe’s 

assumption that life requires an envelope, at least 

at the superorganismic, or supercellular, scale. 

Semper’s model was well ahead of its time in that 

his primitive hut organizes life not only spatially 

but also temporally, a concept architects still 

grapple with today.
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While Semper never cites cell theory explicitly, 

his contemporary in England, architect and art 

critic John Ruskin, wrote extensively and explicitly 

about plant biology at scales both macroscopic 

and microscopic. In 1849 Ruskin published his 

foundational architecture text, the Seven Lamps of 

Architecture, in which he denounced architectural 

restoration and argued for the superiority of Gothic 

over Renaissance architecture on various grounds, 

including the relative “life” or “vitality” of the 

former as elucidated in one of his seven “lamps,” 

the “Lamp of Life”. Ruskin argues that the work 

of engaged craftsmen imbues the building with 

its life, that life cannot be restored to a building 

artificially after that fact, and that, therefore, life 

will continually ebb away from a building over 

time until it is either lifeless or so nearly so that 

it should be destroyed. Over thirty years later, 

Ruskin expressed a strikingly different view of what 

life was, in a series of scientifically questionable 

didactic texts he wrote in the 1880s, including 

his botany textbook Proserpina. He writes: “…life, 

when it is real, is not evanescent; is not slight; does 

not vanish away. Every noble life leaves the fibre of 

it interwoven for ever in the work of the world; by 

so much, evermore, the strength of the human race 

has gained.”8

Ruskin had a thorough education and was 

familiar with recent progress in cellular biological 

understanding. He was also slightly uncomfortable 

with much 19th-century science, particularly the 
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revelation that plants had sex organs. So instead of 

beginning with what other scientists had written, 

he chose in Proserpina to proceed through his 

own meticulous observations and philosophical 

interpretations of the structure and growth of a 

variety of plants, beginning with moss, which he 

found particularly mysterious. He claimed that 

what he learned when he examined moss closely 

was that each of its fibers had one end that was 

“particularly decaying” and one end that was 

“particularly undecaying,” so that the living was 

always building upon what he called the plant’s 

ruin, which was not quite unliving, but also not so 

living as the rest.9 Because Ruskin ignored much 

established science in order to write Proserpina, it 

has in turn been largely ignored by scholars. But 

Ruskin was famously nostalgic for the processes of 

the past. And by the end of the nineteenth century, 

the possibility of making direct philosophical 

analogies between the wide-ranging fields of 

architecture and biology was on its last legs, 

along with polymathy itself. Specialization and 

the drive to ever more accelerated technological 

advancement in both fields would soon make such 

musings seem impossibly quaint.

From the beginning, photographs and drawings of 

cells were inherently architectural, because of the 

sectional view they afforded and the easy revelation 

of “interiors.” This also made them inherently 

somewhat theological, giving the microscopist a 

gods-eye view of the life of cells, which, due to the 
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nature of the viewing technology, was understood 

largely two-dimensionally. In 1884, theologian 

and schoolmaster Edwin Abbott Abbott wrote 

the novella Flatland as a theological analogy for 

what might lie beyond this dimension, or at least 

beyond human understanding—and for society’s 

general unwillingness to accept what it doesn’t 

understand. In this story, the narrator, A. Square, 

is visited in his two-dimensional world by A. 

Sphere from Spaceland, who goes to great lengths 

to prove the existence of a third dimension, but 

then scoffs at the heresy of the suggestion of a 

fourth dimension. Incidentally, Abbott turns out 

to have had an extremely advanced understanding 

of higher- dimensional geometry, which was 

decades ahead of its time in terms of mathematics. 

Furthermore, his text encompasses the uncanny 

god’s-eye perspective of both the architect and 

the cellular biologist at once, with A. Sphere 

proclaiming his ability to see the insides of A. 

Square’s locked rooms, his body, and even the 

dreams inside of his head.

Flatland, as far as I know, has never been discussed 

in terms of microscopy or architecture, but much 

of the text is devoted to explaining, in the most 

basic terms, how the buildings and biology of 

A. Square’s two-dimensional world work. As he 

explains, for instance, it is important that his house 

is a pentagon, and that the two sides which face 

upward (or “north”) have no doors or windows so 

that they can act as a roof (fig. 6). The inhabitants 
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of Flatland are all two-dimensional shapes, with 

more sides the higher their class, and the women 

are one-dimensional line segments. Once A. 

Square begins traveling between dimensions, 

from Lineland to Flatland to Spaceland, there is 

much talk of the intestines of lower-dimensional 

creatures being open to view. A. Sphere even 

touches the inside of A. Square’s stomach in 

an early failed attempt to prove his higher 

dimensionality. 

A. Sphere explains his own spatial relationship to 

Flatland by calling Flatland “the vast level surface 

of what I may call a fluid, on, or in, the top of which 

you and your countrymen move about, without 

rising above it or falling below it.”10 

Fig. 6: Diagram 
of A Square’s 
house from the 
cover of Edwin 
Abbott Abbott’s 
Flatland (1884).
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Before A. Sphere shows up on the scene, A. Square 

talks at length about the great importance in his 

own two-dimensional world of fog, atmospheric 

fall-off, and above all, the brightness of Flatland’s 

inhabitants. It is by their relative brightness and its 

diminishment across distance that they recognize 

each other. The insistence on bright surfaces, light 

emission, and flat bodies in fluid evokes the image 

of the microscope and petri dish.

In the end, A. Sphere has to resort to bringing 

A. Square out of the plane of his own world in 

order to look down upon it, whereupon he finally 

understands what the third dimension is. He 

marvels, “My native city, with the interior of every 

house and every creature therein, lay open to my 

view in miniature. We mounted higher, and lo, the 

secrets of the earth… were bared before us.”11 After 

this, he can never return to his normal existence. 

He becomes obsessed with enlightening his fellow 

Flatlanders, which earns him the label of madman 

and criminal, and he ends his days in prison.

Abbott’s text is of course highly satirical and 

critical of Victorian social, religious, and judicial 

conservatism. Even when his protagonist 

realizes the artificiality of the most fundamental 

boundaries he has believed in his entire life—what 

he understands to be the boundaries of space, or 

his universe—he fails to transcend them because 

of his fellows’ conservatism. Like the biologists 

who saw the membranes of individually contained 
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cells long before membranes were actually visible 

under microscopes, the Flatlanders’ convictions 

determine the limits of what they can see or 

conceive.

In the 19th century, all of these musings, 

architectural, biological, mathematical, and 

theological, were part of a shared drive to 

understand not scientific expertise or minutiae, 

but the structure and function of life itself, and 

what separated it from death. By the mid-20th 

century, the tools of vision became sharper, the 

field of vision narrower, and the drive to progress 

accelerated, leaving less room for meandering 

philosophizing. The disciplines in question 

tended necessarily towards specialization and 

hermeticism, leading by the end of the century 

to explicit and often forced efforts to promote 

cross-disciplinarity, inter-disciplinarity, or 

multi-disciplinarity in the academy and industry 

alike. Perhaps these efforts have set the stage 

for a generation of 21st-century neo-Victorian 

polymaths to extract analogies from disciplinary 

specifics in order to communicate across fields 

and contemplate once again Goethe’s “originating 

fabric of life.” 
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