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Abstraoct

In the face of profound human impact on planetary systems, the global ocean, as the main
source of life, is fundamentally transforming its interactions, flows, and ecologies. These
critical changes raise questions of other-than-human cohabitation beyond the terrestrial.
In response to these radical ecological changes, a growing branch of the design discipline
is currently struggling to free itself from a production-oriented paradigm of industrial
modernity and reorganizes its methods toward forms of interspecies collaboration with/in
environments of anthropogenic change.

In this paper, | argue for activating the evolutionary theory of Symbiogenesis (Margulis,
Kozo-Polyansky, Meresch-kowsky) and its relevance for a holistic view of the ocean as a
starting point for challenging and reinventing our disciplinary protocols. The article follows
Haraway'’s notion of sympoiesis, adopting it for the design discipline. The evolutionary
model of Symbiogenesis offers a new perspective on the role of design as a facilitator for
collaborative forms of making and shared survival.

The coral reef, as a prototypical space for symbiotic system relationships, serves as an
experimental contact zone for designing these interspecies encounters. Design research in
underwater environments, could help us to align the design discipline with a new
conceptual framework that | propose to call Sympoietic Design.
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A Sympoietic Ocean

“We are symbionts on a symbiotic planet. And if we care
to, we can find symbiosis everywhere.” ' - Lynn Margulis,
Symbiotic Planet, 1998.

Imagine a coral reef. The damselfish flicks its fins as it
hides among stony corals to support its photosynthesis.
The green-brown algae that live on the spider crab’s
back help it to camouflage. The currents transport
nutrients across limestone structure where corals spawn
and settle. The zooxanthellae inhabit coral tissue and
metabolize organic matter to provide energy for their
hosts. The stony coral animal absorbs calcium
carbonate from seawater to form its habitat. The
microbiome of the reef binds Co, and produces the

oxygen of the planet’'s atmosphere - it pulses with life.

The coral reef can be considered a prototypical ecology
for symbiotic system relationships. Symbiosis governs
the marine microbiome at all levels, from species-based
networks to the microbiological level 2. As former
biologist and professor of feminism and technoscience
Donna J. Haraway points out, the marine biome in
general, and the “critical zone” of the coral reef in
particular, serve as model organisms for symbiotic

evolutionary processes 2 within the planetary holobiont
4

In chapter 3 of Staying with the Trouble (Haraway 2016)
“Sympoiesis. Symbiogenesis and the Lively Arts of
Staying with the Trouble.” Haraway invokes the seminal
work of biologist Lynn Margulis, who revived the
evolutionary theory of symbiogenesis based on the
preliminary work of Russian evolutionary biologists Boris
Kozo-Polyansk € and Konstantin Mereschkowsky 7.
When Margulis published her theory in the 1960s, she
provoked and disturbed the male-dominated scientific
discourse not only as a female academic, but also
through her decisive rejection of the then widespread
Neo-Darwinian concept of evolution. Her theory
challenged the idea of evolutionary competition — the
hypothesis of random mutation as driver for “selfish”
survival of the fittest €-and relied on a cooperative
model of survival through symbiosis °.

Margulis’ impassioned plea for symbiosisas an
overlooked facilitator of evolutionary adaptation and her
uncompromising proposal for a taxonomy of species
which gives bacteria, animals, plants, fungi, and
protoctista an equal position in the evolutionary Tree of
Life, is nowadays generally considered as one of the
most decisive contributions to ecological thinking. One
could argue that Magulis’ theory resurrects Charles
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Darwin's alternative representation of evolution in the
form of the coral: an anarchically growing form “that no
longer upholds mankind as the ‘crown of evolution”° as
sketched in Darwin's early notebooks . The Coral of
Life can be seen as closely related to Mereschkowsky'’s
endosymbiotic Tree of Life and Lynn Margulis’ later
extension to the Five Kingdoms 2.

Figure 1 Field research at "Biorock" reef installed by Mike Duss (in the
picture) and Tom Goreau. Location: Sun Reef, Curagao (AN). Photo:
Rasa Weber, 2022.

Philosopher Donna Haraway's outstanding contribution
in Staying with the Trouble consists in turn, amongst
other things, of applying Margulis’ theory of
symbiogenesis to philosophy and system theory. She
introduced a form of thinking and making, which she
called sympoiesis *—"together creation"—with human
and other-than-human actors. While Haraway argues for
transferring sympoietic forms of production to the
humanities and the arts, activating her theory for the
design discipline holds the potential to reorganize a
human-centered approach to design toward highly
relational forms of creation through interspecies
collaboration.

Philosopher Donna Haraway’s outstanding contribution
in Staying with the Trouble consists in turn, amongst
other things, of applying Margulis’ theory of
symbiogenesis to philosophy and system theory. She
introduced a form of thinking and making, which she
called sympoiesis '® —together creation”—with human
and other-than-human actors. While Haraway argues for
transferring sympoietic forms of production to the
humanities and the arts, activating her theory for the
design discipline holds the potential to reorganize a
human-centered approach to design toward highly
relational forms of creation through interspecies
collaboration.
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A growing branch of design is currently struggling to
break free from a production—and profit-oriented
paradigm of industrial modernity (Mareis & Paim 2021).
By bringing the agency of troubled environments and
their (other-than-) human inhabitants to the foreground
of a design methodology, we might foster a reinvention
of our disciplinary protocols in response to our current
ecological and socio-political struggles, which can never
be addressed separately (Stengers 2010).
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Figure 2 Underwater prototype by Rasa Weber. Diver: Mike Duss.
Location: Sun Reef, Curagao (AN). Photo: Rasa Weber, 2022.

Designing (with/in) Moarine
gEcosystems

As a design researcher and diver, | am concerned with
material processes, their production cycles, and their
resulting impacts on environmental systems. | am deeply
moved by the question of developing and establishing
post-extractive models of production within our
challenged planetary networks.

This question led me to the ocean, the largest life-giving
(Helmreich 2009; Latour 2019) and dramatically
transforming system on our planet (Lohmann et al. 2017;
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Heinze et al., 2021). Together with biologists from the
Max Planck Institute of Animal Behavior (Jordan Lab), |
conduct most of my design research in the field, below
sea level. | develop immersive underwater methods '#
(Helmreich 2009; Raycraft 2020; Swanson & Levy 2021;
Jue 2022) for design research, prototyping sympoietic
material experiments underwater, and research on the
design ontological implications of my aquatic practices
(Neimanis 2017, Asberg 2020).

Although designing underwater habitats looks back at a
long history (See: e.g. Cousteau’s Conshelf Project
1962-1965), most of these early interventions still follow
a human-centered design approach. My project takes
the historical material technology of Biorock '® as a
starting point and seeks to convey a different notion of
habitat design in ocean environments as a culturally
embedded, interspecies, and collaborative process.

My research is based on the preliminary work of the
German architect and oceanographer Wolf Hilbertz and
his colleague in biochemistry Tom Goreau. As early as
1970, their research introduced a process of underwater
electrolysis triggered by low-voltage electricity (6-12 V)
that causes limestone to "grow" on conductive steel
scaffold in the sea—a technology that was patented
under the name Biorock. Naturally dissolved minerals in
seawater (primarily aragonite and brucite) are slowly
deposited on the conductive steel, which provides an
ideal medium for the colonization by marine life. The
technology is now widely used to restore coral reefs in
tropical marine areas.

In spring 2022, | visited one of the Biorock projects on
the island of Curagao (AN) with the aim of learning more
about the technological implications, ecological
consequences, and maintenance methods of such an
underwater garden and subsequently build my own first
prototypes (Figure 1).

My own design contribution explores the possibilities of
applying the Biorock technology to contemporary
materials, combining a practice-based design approach
with situated, collaborative, and craft-oriented design
methods. Based on the principle of electrodeposition of
minerals in seawater, | construct underwater prototypes
as Interspecies Architecture which are neither
exclusively for a human audience nor solely for marine
critters. The prototypes function as contact zones
between species and question the role of architecture
as a human-centered practice. Instead of the historically
used material—reinforcing steel—my work focuses on
reducing material consumption and applies filigree
conductive yarns to construct lightweight marine
prototypes with the help of solar energy. When the
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conductive yarns are exposed to electricity, a limestone-

like material forms on their surface, transforming a
formerly flexible textile surface into a solid substrate
that supports the growth of marine life; A technology
that literally allows me to weave stone.

My prototypes mediate between the marine geosphere
and biosphere. The spun steel nets provide a
bioreceptive surface (Cruz & Beckett 2016) for multiple
forms of marine life to slowly colonize on the mesh
(Figure 4). Rather than taking a strictly selective
approach to coral reef conservation, as classically the
case in coral nurseries (which host a limited number of
pre-selected coral branches), these prototypes should
be viewed as an invitation for various forms of marine
life to proliferate and thrive. The wild colonization of
corals, sponges, algae and even marine neophytes is a
desired outcome of these biological material
experiments. For me, designing Architectures of

Cohabitationmeans inviting all symbiotic forms of marine

life to actively participate in the design process. They
co-design their own habitat and subsequently change
the appearance and species composition of the

prototype. Thus, the design process takes place not only

in the sea, but together with the marine ecosystem.

In my designs, | try to give the sympoietic growth
processes of the marine biome the decisive voice.
Marine species shape the underwater architecture,
distort it, overgrow it, make it invisible, possibly even
cause it to collapse.

The environments that will eventually serve as testing
grounds for my marine Interspecies Architectures are
neither the "pristine" and endangered coral reefs of
Hilbertz's previous work nor the marine protected areas
of my first field experiments. The seascapes | want to
study and which | regard as ideal environment for my
prototypes are areas of high anthropogenic impact, or
as Clouette and Fabien call them, an ‘AnthropOcean’
(2018)—The harbor, the former industrial mine, the
canal, the marine military zone or the tourist beach are
the damaged, contaminated, and conflicted zones of
marine survival that | will engage with in order to design
habitats "amidst ruins" (Tsing 2015).

| consider these slow-growing structures as
Architectures of Co-habitation, as they provide a habitat
for multiple marine species and temporary human
visitors alike. Based on Tsing’s and Barua’s notion of
“feral ecologies” (2021), sympoietic ecological worlds
emerge in the Anthropocene when other-than-human
beings become entangled with human infrastructure in
urban environments (Tsing et al. 2021). My underwater
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prototypes are located precisely in these conflicted
zones—they are breeding ground, ecological niche, and
site of human infrastructure, interest, and intervention.

Figure 3 Underwater prototype by Rasa Weber (in the pic- ture).
Location: Station de Recherche Océanographiques et sous-marines,
Calvi, Corsica (FR). Photo: Anja Wegner, 2022.

Designing Habitots

“How much longer will we agree to step aside in silence
as masters of the universe [...1? How much longer will
you and | choose extinction?” 6

- Gan, Tsing, Swanson & Bubandt 2017.

If design takes its fundamental contribution to the unruly
times of the Anthropocene seriously and begins to “care
for that which is non-human” 77, it will encounter a series
of troubling questions. A design practice that is not only
interested in advocating for human agency, but also
includes other species and conflicted environments in
its processes of making, must be brave enough to
propose new “modes of production and cooperation that
escape from the evidence of economic growth and
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competition.” " If design advocates conviviality and
shared survival, it must formulate strategies to
“positively cohabit a thriving biosphere” '°, and

inevitably comes into contact with fundamental systemic
issues of our assigned human role in the ecological
fabric.

In his early publications, Wolf Hilbertz refers to his
marine engineering intervention as “Cybertecture” 2°,
The neologism is a reference to Hilbertz’ understanding
of architecture as a logical extension of the principles of
cybernetics 2 to the built environment (CYBERnetics +
archiTECTURE). Most likely inspired by Norbert Wiener’s
famous concept of Cybernetics as “the science of
control and communications in the animal and machine”
22 Hilbertz thought of complex systems controlled by a
purposive model of causality and feedback. Such a
biogenetic model, “that employs self-improving software
and hardware [and] can draw ‘unorganized’ matter into
its system” 23 suggest a revolutionary notion of
architecture as constantly adaptive and self-improving.
However, the cybernetic core of his theory also, perhaps
unintentionally, places the human in the center of
system control. The concept of the designer as a
"helmsman" (ky-bernétés Greek = helmsman), who has
full control over a system and is responsible for its well-
being, must be seen in the context of the unbridled
techno-optimism of the 1960s and the concomitant rise
of the human-centered design movement (e.g. Arnold,
Stanford University design program, 1958). It should be
kept in mind that when Hilbertz developed his theory of
Cybertecture, the discourse of architectural theory was
just beginning to address environmental consciousness
for the first time, also triggered by the ecological
discourse of prominent voices such as a.o. Rachel
Carson (1962).

With the Biorock system, Hilbertz and Goreau
introduced an extremely bold ecological technology that
was far ahead of its time and made it possible to build
with and within the ocean ecosystem. However, given
what we now today about the cumulative impacts of
humans on the world's ocean systems, we need to
reevaluate the system's useful technological capabilities
24 in relation to its potential consequences.

“The planet takes care of us, not we of it’, 2° Margulis
states in her influential book A Symbiotic
Planet(1998).Rather than trying to regulate the
incredibly complex system relationships of an ecology,
or even going so far as to “cure”the ocean as “a sick
patient” 26, Margulis’ perspective suggests questioning
the role of human control in favor of a much modest and
highly interconnected perspective. From this thought,
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we designers must accept our small part as humans
within larger ecological relationships that transcend the
influence of human intentions.

In this sense, the Biorock principle could shape and
inform contemporary design discourse to conceive
“evolutionary environments” 27 that adapt to their
environmental conditions and grow responsively with
the marine ecosystem. Today, Goreau and Hilbertz’
concept could serve as a starting point for developing a
form of sympoietic making that views the designed
“product” not just as the result of planned human
intervention, but as relational, highly connected, and
life-giving habitat.

Towards Sympoietic Design

A design practice that sees the agencies of all life forms
as central to shaping the design process may be able to
move beyond a product-driven and extractive notion of
design and open up to collaborative forms of design that
transcend species barriers.

| propose to call these practices Sympoietic Design. The
evolutionary model of symbiogenesis lays the
groundwork for conceptualizing design processes as
long-term collaborations between humans and other-
than-human beings. These sympoietic processesextend
over unimagined time spans and situate design
practices in troubled environments. Design becomes an
action of shaping “invitations” (Stahl & Lindstrom, 2016)
for animals, bacteria, proctists, et al. The resulting
prototypes | present here suggest that mineralized
limestone mesh can serve as a “bioreceptive medium”
(Cruz & Beckett, 2018) for a variety of marine species to
settle on them (Figure 4 & 5). Sympoietic Design
provides habitats as contact zones for coevolution
between different species.
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Figure 4 (above): (left) Underwater prototype by Rasa Weber,
conduct. steel yarn after installation, Sun Reef, Curagao (AN). Photo:
Rasa Weber, 2022. (right) Underwater prototype by Rasa Weber,
conductive steel yarn after 2 months in the ocean, mineral accretion
and pioneering organisms, Sun Reef, Curagao (AN). Photo: Mike
Duss, 2022

”

Het Niewe Instituut recently introduced the term “Zo6ps
to describe a “cooperative legal entity in which humans
and multispecies ecological communities are partners”
28(zoé Greek = life). The idea is intriguing because it
views habitats as an assembly of symbiotic entities that
engage humans in their “naturecultural” 2° relationships
within an anthropogenic ecology. As humans, we impact
habitats, but at the same time are inevitably a part of
them. Designing for ecological impact, then, means
designing in and with the habitats that assure our own
survival. Applying this concept to marine habitats and
thus creating convivial zones of protection and
experimentation as Marine Zodps should become a
central task for design in the ocean.

A number of young designers and researchers are
beginning to design systems with and for other-than-
humans. The Symbiotic Spaces Collective is working on
3D-printed architectures located in local wetlands that
provide multispecies habitats for urban wildlife. Designer
Marie Griesmar, biologist Ulrike Pfreundt, and marine
scientist Hanna Kuhfuss, founders of Rrreefs e.V.,
developed a 3D-printed clay brick that serves as a
module for coral reef restoration. The biologist Anja
Wegner and the artist collective Superflex collaborate
on their “Pink Elements” to create “fish architecture”°
for damselfish, and designer David Enon experiments
with growing underwater furniture from limestone
structures as coral habitat with his “Mineral Accretion
Factory” 3.
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Despite these early beginnings, deep reflection on the
benefits and limitations of working with/in ecological
systems is urgently needed. Sympoietic Design raises
new questions for our discipline that call for further
discussion:

— How does Sympoietic Design affect the role of the
designer as author?

- What agency does it give to other-than-human
creators in the design process?

— What forms of (disciplinary) knowledge are needed
to implement and evaluate it?

— What timespans are needed to facilitate it?
— Who are we designing for?

— How structured or “messy” will the result be?

Working with/in the marine biome can be a first
experimental approach to discuss the potentials and
challenges of Sympoietic Design. With my underwater
prototypes, | work on creating contact zones between
multiple forms of marine life. These Architectures of
Cohabitation mediate between animate and inanimate
matter, between human-made and naturecultural
ecosystems, between human and environmental agency.
Rather than restoring “pristine” nature, these co-created
habitats encourage the designer to relinquish control of
the system and invite the wildly proliferating and
uncurated, unexploited life forms to the process of
creation.

Sponges, algae, coral, electrical circuits, marine
biologists, fish, cameras, limestone, polyps et al.
become part of these multispecies marine eclogies of
sympoietic making. Sympoietic Design opens the door
to design practices that transform human-centered
design projects into an evolutionary practice of share
survival. Towards a sea change 32in design.
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Figure 6 Underwater prototype by Rasa Weber after 6 months in the
ocean, conductive steel yarn, mineral accretion and pioneering
organisms. Location: Sun Reef, Curagao (AN). Photo: Pavel Siman,
2022.
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