
ISEA2023 — SYMBIOSIS 705

A Sympoietic Ocean. Design
research with/in the marine

holobiont

Rasa Weber
Zürich University of the Arts (CH); Matters of Activity. Cluster of Excellence,Humboldt University Berlin (DE); University of Art and Design Linz (AT).Zürich (CH) & Berlin (DE)info@rasaweber.com

Abstract

In the face of profound human impact on planetary systems, the global ocean, as the mainsource of life, is fundamentally transforming its interactions, flows, and ecologies. Thesecritical changes raise questions of other-than-human cohabitation beyond the terrestrial.In response to these radical ecological changes, a growing branch of the design disciplineis currently struggling to free itself from a production-oriented paradigm of industrialmodernity and reorganizes its methods toward forms of interspecies collaboration with/inenvironments of anthropogenic change.
In this paper, I argue for activating the evolutionary theory of Symbiogenesis (Margulis,Kozo-Polyansky, Meresch-kowsky) and its relevance for a holistic view of the ocean as astarting point for challenging and reinventing our disciplinary protocols. The article followsHaraway’s notion of sympoïesis, adopting it for the design discipline. The evolutionarymodel of Symbiogenesis offers a new perspective on the role of design as a facilitator forcollaborative forms of making and shared survival.
The coral reef, as a prototypical space for symbiotic system relationships, serves as anexperimental contact zone for designing these interspecies encounters. Design research inunderwater environments, could help us to align the design discipline with a newconceptual framework that I propose to call Sympoïetic Design.
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Figure 1 Field research at "Biorock" reef installed by Mike Duss (in thepicture) and Tom Goreau. Location: Sun Reef, Curaçao (AN). Photo:Rasa Weber, 2022. 

A Sympoïetic Ocean

“We are symbionts on a symbiotic planet. And if we careto, we can find symbiosis everywhere.” ¹ – Lynn Margulis,Symbiotic Planet, 1998.
Imagine a coral reef. The damselfish flicks its fins as ithides among stony corals to support its photosynthesis.The green-brown algae that live on the spider crab’sback help it to camouflage. The currents transportnutrients across limestone structure where corals spawnand settle. The zooxanthellae inhabit coral tissue andmetabolize organic matter to provide energy for theirhosts. The stony coral animal absorbs calciumcarbonate from seawater to form its habitat. Themicrobiome of the reef binds Co2 and produces theoxygen of the planet’s atmosphere – it pulses with life.
The coral reef can be considered a prototypical ecologyfor symbiotic system relationships. Symbiosis governsthe marine microbiome at all levels, from species-basednetworks to the microbiological level ². As formerbiologist and professor of feminism and technoscienceDonna J. Haraway points out, the marine biome ingeneral, and the “critical zone” of the coral reef inparticular, serve as model organisms for symbioticevolutionary processes ³ within the planetary holobiont⁴.
In chapter 3 of Staying with the Trouble (Haraway 2016)“Sympoiesis. Symbiogenesis and the Lively Arts ofStaying with the Trouble.” Haraway invokes the seminalwork of biologist Lynn Margulis, who revived theevolutionary theory of symbiogenesis  based on thepreliminary work of Russian evolutionary biologists BorisKozo-Polyansk ⁶ and Konstantin Mereschkowsky ⁷.When Margulis published her theory in the 1960s, sheprovoked and disturbed the male-dominated scientificdiscourse not only as a female academic, but alsothrough her decisive rejection of the then widespreadNeo-Darwinian concept of evolution. Her theorychallenged the idea of evolutionary competition – thehypothesis of random mutation as driver for “selfish”survival of the fittest ⁸ – and relied on a cooperativemodel of survival through symbiosis ⁹.
Margulis’ impassioned plea for symbiosisas anoverlooked facilitator of evolutionary adaptation and heruncompromising proposal for a taxonomy of specieswhich gives bacteria, animals, plants, fungi, andprotoctista an equal position in the evolutionary Tree ofLife, is nowadays generally considered as one of themost decisive contributions to ecological thinking. Onecould argue that Magulis’ theory resurrects Charles

Darwin's alternative representation of evolution in theform of the coral: an anarchically growing form “that nolonger upholds mankind as the ‘crown of evolution’’”¹⁰, assketched in Darwin's early notebooks ¹¹. The Coral ofLife can be seen as closely related to Mereschkowsky’sendosymbiotic Tree of Life and Lynn Margulis’ laterextension to the Five Kingdoms ¹².

Philosopher Donna Haraway’s outstanding contributionin Staying with the Trouble consists in turn, amongstother things, of applying Margulis’ theory ofsymbiogenesis to philosophy and system theory. Sheintroduced a form of thinking and making, which shecalled sympoïesis ¹³—“together creation”—with humanand other-than-human actors. While Haraway argues fortransferring sympoïetic forms of production to thehumanities and the arts, activating her theory for thedesign discipline holds the potential to reorganize ahuman-centered approach to design toward highlyrelational forms of creation through interspeciescollaboration.
Philosopher Donna Haraway’s outstanding contributionin Staying with the Trouble consists in turn, amongstother things, of applying Margulis’ theory ofsymbiogenesis to philosophy and system theory. Sheintroduced a form of thinking and making, which shecalled sympoïesis ¹³ —“together creation”—with humanand other-than-human actors. While Haraway argues fortransferring sympoïetic forms of production to thehumanities and the arts, activating her theory for thedesign discipline holds the potential to reorganize ahuman-centered approach to design toward highlyrelational forms of creation through interspeciescollaboration.
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Figure 2 Underwater prototype by Rasa Weber. Diver: Mike Duss.Location: Sun Reef, Curaçao (AN). Photo: Rasa Weber, 2022. 

A growing branch of design is currently struggling tobreak free from a production—and profit-orientedparadigm of industrial modernity (Mareis & Paim 2021).By bringing the agency of troubled environments andtheir (other-than-) human inhabitants to the foregroundof a design methodology, we might foster a reinventionof our disciplinary protocols in response to our currentecological and socio-political struggles, which can neverbe addressed separately (Stengers 2010).

Designing (with/in) Marine
Ecosystems

As a design researcher and diver, I am concerned withmaterial processes, their production cycles, and theirresulting impacts on environmental systems. I am deeplymoved by the question of developing and establishingpost-extractive models of production within ourchallenged planetary networks.
This question led me to the ocean, the largest life-giving(Helmreich 2009; Latour 2019) and dramaticallytransforming system on our planet (Lohmann et al. 2017;

Heinze et al., 2021). Together with biologists from theMax Planck Institute of Animal Behavior (Jordan Lab), Iconduct most of my design research in the field, belowsea level. I develop immersive underwater methods ¹⁴(Helmreich 2009; Raycraft 2020; Swanson & Levy 2021;Jue 2022) for design research, prototyping sympoïeticmaterial experiments underwater, and research on thedesign ontological implications of my aquatic practices(Neimanis 2017, Åsberg 2020).
Although designing underwater habitats looks back at along history (See: e.g. Cousteau’s Conshelf Project1962-1965), most of these early interventions still followa human-centered design approach. My project takesthe historical material technology of Biorock ¹⁵ as astarting point and seeks to convey a different notion ofhabitat design in ocean environments as a culturallyembedded, interspecies, and collaborative process.
My research is based on the preliminary work of theGerman architect and oceanographer Wolf Hilbertz andhis colleague in biochemistry Tom Goreau. As early as1970, their research introduced a process of underwaterelectrolysis triggered by low-voltage electricity (6-12 V)that causes limestone to "grow" on conductive steelscaffold in the sea—a technology that was patentedunder the name Biorock. Naturally dissolved minerals inseawater (primarily aragonite and brucite) are slowlydeposited on the conductive steel, which provides anideal medium for the colonization by marine life. Thetechnology is now widely used to restore coral reefs intropical marine areas.
In spring 2022, I visited one of the Biorock projects onthe island of Curaçao (AN) with the aim of learning moreabout the technological implications, ecologicalconsequences, and maintenance methods of such anunderwater garden and subsequently build my own firstprototypes (Figure 1).
My own design contribution explores the possibilities ofapplying the Biorock technology to contemporarymaterials, combining a practice-based design approachwith situated, collaborative, and craft-oriented designmethods. Based on the principle of electrodeposition ofminerals in seawater, I construct underwater prototypesas Interspecies Architecture which are neitherexclusively for a human audience nor solely for marinecritters. The prototypes function as contact zonesbetween species and question the role of architectureas a human-centered practice. Instead of the historicallyused material—reinforcing steel—my work focuses onreducing material consumption and applies filigreeconductive yarns to construct lightweight marineprototypes with the help of solar energy. When the
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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.

conductive yarns are exposed to electricity, a limestone-like material forms on their surface, transforming aformerly flexible textile surface into a solid substratethat supports the growth of marine life; A technologythat literally allows me to weave stone.
My prototypes mediate between the marine geosphereand biosphere. The spun steel nets provide abioreceptive surface (Cruz & Beckett 2016) for multipleforms of marine life to slowly colonize on the mesh(Figure 4). Rather than taking a strictly selectiveapproach to coral reef conservation, as classically thecase in coral nurseries (which host a limited number ofpre-selected coral branches), these prototypes shouldbe viewed as an invitation for various forms of marinelife to proliferate and thrive. The wild colonization ofcorals, sponges, algae and even marine neophytes is adesired outcome of these biological materialexperiments. For me, designing Architectures ofCohabitationmeans inviting all symbiotic forms of marinelife to actively participate in the design process. Theyco-design their own habitat and subsequently changethe appearance and species composition of theprototype. Thus, the design process takes place not onlyin the sea, but together with the marine ecosystem.
In my designs, I try to give the sympoïetic growthprocesses of the marine biome the decisive voice.Marine species shape the underwater architecture,distort it, overgrow it, make it invisible, possibly evencause it to collapse.
The environments that will eventually serve as testinggrounds for my marine Interspecies Architectures areneither the "pristine" and endangered coral reefs ofHilbertz's previous work nor the marine protected areasof my first field experiments. The seascapes I want tostudy and which I regard as ideal environment for myprototypes are areas of high anthropogenic impact, oras Clouette and Fabien call them, an ‘AnthropOcean’(2018)—The harbor, the former industrial mine, thecanal, the marine military zone or the tourist beach arethe damaged, contaminated, and conflicted zones ofmarine survival that I will engage with in order to designhabitats "amidst ruins" (Tsing 2015).
I consider these slow-growing structures asArchitectures of Co-habitation, as they provide a habitatfor multiple marine species and temporary humanvisitors alike. Based on Tsing’s and Barua’s notion of“feral ecologies” (2021), sympoietic ecological worldsemerge in the Anthropocene when other-than-humanbeings become entangled with human infrastructure inurban environments (Tsing et al. 2021). My underwater

prototypes are located precisely in these conflictedzones—they are breeding ground, ecological niche, andsite of human infrastructure, interest, and intervention.

 Designing Habitats

“How much longer will we agree to step aside in silenceas masters of the universe […]? How much longer willyou and I choose extinction?” ¹⁶
– Gan, Tsing, Swanson & Bubandt 2017.
If design takes its fundamental contribution to the unrulytimes of the Anthropocene seriously and begins to “carefor that which is non-human” ¹⁷, it will encounter a seriesof troubling questions. A design practice that is not onlyinterested in advocating for human agency, but alsoincludes other species and conflicted environments inits processes of making, must be brave enough topropose new “modes of production and cooperation thatescape from the evidence of economic growth and
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competition.” ¹⁸ If design advocates conviviality andshared survival, it must formulate strategies to“positively cohabit a thriving biosphere” ¹⁹, andinevitably comes into contact with fundamental systemicissues of our assigned human role in the ecologicalfabric.
In his early publications, Wolf Hilbertz refers to hismarine engineering intervention as “Cybertecture” ²⁰.The neologism is a reference to Hilbertz’ understandingof architecture as a logical extension of the principles ofcybernetics ²¹  to the built environment (CYBERnetics +archiTECTURE). Most likely inspired by Norbert Wiener’sfamous concept of Cybernetics as “the science ofcontrol and communications in the animal and machine”²² , Hilbertz thought of complex systems controlled by apurposive model of causality and feedback. Such abiogenetic model, “that employs self-improving softwareand hardware [and] can draw ‘unorganized’ matter intoits system” ²³, suggest a revolutionary notion ofarchitecture as constantly adaptive and self-improving.However, the cybernetic core of his theory also, perhapsunintentionally, places the human in the center ofsystem control. The concept of the designer as a"helmsman" (ky-bernētēs Greek = helmsman), who hasfull control over a system and is responsible for its well-being, must be seen in the context of the unbridledtechno-optimism of the 1960s and the concomitant riseof the human-centered design movement (e.g. Arnold,Stanford University design program, 1958). It should bekept in mind that when Hilbertz developed his theory ofCybertecture, the discourse of architectural theory wasjust beginning to address environmental consciousnessfor the first time, also triggered by the ecologicaldiscourse of prominent voices such as a.o. RachelCarson (1962).
With the Biorock system, Hilbertz and Goreauintroduced an extremely bold ecological technology thatwas far ahead of its time and made it possible to buildwith and within the ocean ecosystem. However, givenwhat we now today about the cumulative impacts ofhumans on the world's ocean systems, we need toreevaluate the system's useful technological capabilities²⁴ in relation to its potential consequences.
“The planet takes care of us, not we of it”, ²⁵ Margulisstates in her influential book A SymbioticPlanet(1998).Rather than trying to regulate theincredibly complex system relationships of an ecology,or even going so far as to “cure” the ocean as “a sickpatient” ²⁶, Margulis’ perspective suggests questioningthe role of human control in favor of a much modest andhighly interconnected perspective. From this thought,

we designers must accept our small part as humanswithin larger ecological relationships that transcend theinfluence of human intentions.
In this sense, the Biorock principle could shape andinform contemporary design discourse to conceive“evolutionary environments” ²⁷ that adapt to theirenvironmental conditions and grow responsively withthe marine ecosystem. Today, Goreau and Hilbertz’concept could serve as a starting point for developing aform of sympoïetic making that views the designed“product” not just as the result of planned humanintervention, but as relational, highly connected, andlife-giving habitat.

Towards Sympoïetic Design

A design practice that sees the agencies of all life formsas central to shaping the design process may be able tomove beyond a product-driven and extractive notion ofdesign and open up to collaborative forms of design thattranscend species barriers.
I propose to call these practices Sympoïetic Design. Theevolutionary model of symbiogenesis lays thegroundwork for conceptualizing design processes aslong-term collaborations between humans and other-than-human beings. These sympoïetic processesextendover unimagined time spans and situate designpractices in troubled environments. Design becomes anaction of shaping “invitations” (Stahl & Lindström, 2016)for animals, bacteria, proctists, et al. The resultingprototypes I present here suggest that mineralizedlimestone mesh can serve as a “bioreceptive medium”(Cruz & Beckett, 2018) for a variety of marine species tosettle on them (Figure 4 & 5). Sympoïetic Designprovides habitats as contact zones for coevolutionbetween different species.
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Figure 4 (above): (left) Underwater prototype by Rasa Weber,conduct. steel yarn after installation, Sun Reef, Curaçao (AN). Photo:Rasa Weber, 2022. (right) Underwater prototype by Rasa Weber,conductive steel yarn after 2 months in the ocean, mineral accretionand pioneering organisms, Sun Reef, Curaçao (AN). Photo: MikeDuss, 2022.
 
Het Niewe Instituut recently introduced the term “Zoöps”to describe a “cooperative legal entity in which humansand multispecies ecological communities are partners” ²⁸(zoë Greek = life). The idea is intriguing because itviews habitats as an assembly of symbiotic entities thatengage humans in their “naturecultural” ²⁹ relationshipswithin an anthropogenic ecology. As humans, we impacthabitats, but at the same time are inevitably a part ofthem. Designing for ecological impact, then, meansdesigning in and with the habitats that assure our ownsurvival. Applying this concept to marine habitats andthus creating convivial zones of protection andexperimentation as Marine Zoöps should become acentral task for design in the ocean.
A number of young designers and researchers arebeginning to design systems with and for other-than-humans. The Symbiotic Spaces Collective is working on3D-printed architectures located in local wetlands thatprovide multispecies habitats for urban wildlife. DesignerMarie Griesmar, biologist Ulrike Pfreundt, and marinescientist Hanna Kuhfuss, founders of Rrreefs e.V.,developed a 3D-printed clay brick that serves as amodule for coral reef restoration. The biologist AnjaWegner and the artist collective Superflex collaborateon their “Pink Elements” to create “fish architecture”³⁰for damselfish, and designer David Enon experimentswith growing underwater furniture from limestonestructures as coral habitat with his “Mineral AccretionFactory” ³¹. 

Despite these early beginnings, deep reflection on thebenefits and limitations of working with/in ecologicalsystems is urgently needed. Sympoïetic Design raisesnew questions for our discipline that call for furtherdiscussion:
– How does Sympoïetic Design affect the role of thedesigner as author?– What agency does it give to other-than-humancreators in the design process?– What forms of (disciplinary) knowledge are neededto 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 firstexperimental approach to discuss the potentials andchallenges of Sympoïetic Design. With my underwaterprototypes, I work on creating contact zones betweenmultiple forms of marine life. These Architectures ofCohabitation mediate between animate and inanimatematter, between human-made and natureculturalecosystems, between human and environmental agency.Rather than restoring “pristine” nature, these co-createdhabitats encourage the designer to relinquish control ofthe system and invite the wildly proliferating anduncurated, unexploited life forms to the process ofcreation.
Sponges, algae, coral, electrical circuits, marinebiologists, fish, cameras, limestone, polyps et al.become part of these multispecies marine eclogies ofsympoïetic making. Sympoïetic Design opens the doorto design practices that transform human-centereddesign projects into an evolutionary practice of sharesurvival. Towards a sea change ³² in design.
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Figure 6 Underwater prototype by Rasa Weber after 6 months in theocean, conductive steel yarn, mineral accretion and pioneeringorganisms. Location: Sun Reef, Curaçao (AN). Photo: Pavel Siman,2022.
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