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Abstract

In the last two decades, emerging fields alternately termed Syn-
thetic Biology, Artificial-Life Art, Bio-inspired Design and Smart
Materials, to name a few, have acted as loci that spawned new
methods for creating novel artworks based on phenomena that is
generally described as “natural”. At the same time, there has
been increasing interest and research in creating differing kinds of
immersive environments, responsive architectures and inhabitable
worlds. Grene Epiphytes is an artwork that grew from an explora-
tion of bio-inspired theories and a rethinking of engaging and
immersive inhabitable aesthetics. It offers a perspective grounded
in the lineages of immersive artworks and aesthetics that engage
participants (not with representations of other life-forms, but)
with non-human life-forms, and question the distinctions of hu-
man and nature. In this paper, we articulate assumptions and theo-
retical constructs that inspire our approaches for creating and
“engineering” this artwork, and address some of the challenges.
Rather than creating nature-like experience where humans are
assumed to be at a remove, rather than part of nature, the inhabit-
able environment presented here is focused on a context enliv-
ened by human and non-human entities, their varied responses to
each other and to aspects of their intertwined worlds, as well as a
questioning of materials.
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Introduction

As interests in interactive immersive environments re-
emerge and grow, so too do the ways in which the aesthetic
aspects of their design and conception are considered. This
move toward interactive, immersive and affective aesthet-
ics is partly generated by a desire to create more engaging
and complex levels of nature-like beauty and conceptual
interaction.

A set of approaches, each representing slightly different
terminologies such as Synthetic Biology, Bio-inspired De-
sign and Smart Materials carry with them certain assump-
tions about the role of the user, artists and ideas of interac-
tion [20]. Broader processes of interaction that grants a
participant’s full-body interaction and sensory immersion

with emphasis on design and style seem to be reappearing
[13].

Nature -assumed to be somehow distinct from the hu-
man- has inspired artists and designers for centuries; but
recent developments in technology and in our understand-
ing of biological systems have expanded the range of pos-
sibilities for combining design and biology. At the same
time, questioning the centrality of humans above all other
life forms, and its purported distinction from “nature” is
evident. The so called posthumanism, as well as an in-
creased interest in materiality, sustainability of a planet
threatened by humans and renewed interests in “the nody”
embodiment and the plastic aspects of senses and capabili-
ties that were thought to be static and separate. Taken to-
gether, this combination of new and renewed ideas and
practices challenge the status quo on fundamental levels,
which, in turn, also offer opportunities to reimagine what
art and human-made inhabitation may mean and may be.

The postnatural [19] approach between humans, nature
and technology becomes more and more apparent within
art and design discourses surrounding so-called performa-
tive materials and Synthetic Biology. Postnaturalism and
posthumanism argue not only new methods, but also fun-
damentally different ways of being where living and non—
living, human and non-human boundaries are breached
through cybernetic, biological substrates, systems and con-
texts. These become, in a sense, palettes, subjects and ex-
periences for artists who are creating novel artworks [13].

The setting for creating such artworks has never been
more auspicious. The revelations of systems theories and
computation combined with biology (e.g. in the field of
Synthetic-Life), has changed our understanding of life.
Notions of life and computation has been deeply invested
in art and has greatly inspired artists, addressing new ap-
proaches to creating art based on the synthesis of life-like
phenomena.

Goals and Motivation

Experiences from our childhood persist, almost as specters
that overlay our daily experiences: playing with the flow of
water in the river, disturbing the marching path of ants,
following the attractive and colorful butterflies — beauties
to us, but horrific and monstrous bodies for our colleagues.



Some of us leapt off fences; convinced we could, if only
we tried hard enough, to fly. These memories became our
first motivations for an interdisciplinary research and de-
velopment of an interactive and immersive art installations.

Our two key areas of interest are Biomimetic and In-
habitation. We draw from biology as a material and inspi-
ration for designing artworks by exploring its unique prop-
erties and exploring processes of “nature” and radically
different ways of being, such as imagining how bees see,
how bats taste, how vines might sense the fence they wind
around.

What motivate our artistic practice are interests in the
synthesis of life-forms and materials that posses life-like
properties and affordances. The challenge is how to create
an aesthetic openness in which art, life, play, and computa-
tion momentarily cohere, akin to fascinating, sublime ex-
periences of nature. In fact this is not a new goal, John
Dewey in his book Art as Experience called for “recover-
ing the aesthetic experience with normal processes of liv-

ing” [4].

Background, Concept and Theory

What is Life?

In order to create evocations of nature-like experiences,
and aesthetic experiences that involve human and non-
human life-forms, ones needs to not only understand and
study “natural phenomena”, in traditional ways, but one
also needs to study in other ways; that is, to be and fo be
with non-human life-forms. This implies the expansion of
the artists’ task — from representing the way nature looks,
to expressing and evoking in the manners of how nature
works. “Nature” has been one of the most powerful
sources of inspiration; however, our contemporary notions
of nature reinforces our habits of assuming that we are out-
side of it, more distant from what humans paradoxically
see as the original creative force. Therefore, in studying
and observing non-human life-forms, we believe it is nec-
essary to be with them in ways that may open our experi-
ences from observing and “interacting” with them as still-
separate, other beings, — and to nurture alternative ways
of being with non-human life-forms.

The question of what life is has been a primary preoccu-
pations for scientists and artists since ancient times, yet no
single clear answer is agreed upon as satisfactory by all
[9]. Contemporary accounts of life usually include such
characteristic features as growth and development, repro-
duction, evolution and adaptation, responsiveness and au-
tonomy, metabolism, self-organization and emergence
[19].

For any explanation of life to be useful for the artists
who engage in creating with inhabitable life-forms, that
explanation must, in some way, be capable of coping with
ways of thinking and being that are also required by an
aspect of their medium; in this case, for example, that as-
pect is a model made by computer-generated prototyping.
Computational language may indeed seem antithetical to

our enterprise, but at the same time, it makes evident that
even computational prototypes must allow levels of sensi-
tivity, adaptation and responsiveness; accompanied by de-
sign methods where complex relationships can be analyzed
and refined as part of exploratory processes [14].

Bio-Art

Bio-Art is art composed partly or entirely of living, non-
human organisms, and/or art created in association with
nonhuman organisms, remains in common use as stated by
Capucci, Torrani and Gessert [10]. It crosses the line be-
tween the scientific domain and the domain of art and it
may touch the border between the living and the nonliving
therefore it has transcendence boundaries.

Bio-Art is a new direction in contemporary art that ex-
plores the processes of life. Thus, it is frequently deployed
as one approach to generate and express Synthetic Life.
Invariably, Bio-Art employs one or more of the following
methods to address how life is brought into real world con-
texts and how to seek the meaning of life through such
interactions with the world [5]: “(1) the coaching of bio
materials into specific inert shapes or behaviors,; (2) the
unusual or subversive use of biotech tools and process; (3)
the invention or transformation of a living organism with
or without social or environmental integration.” Bio-Art
emphasizes the dialogical and relational (such as cell inter-
action, interspecies communication, and so on) as much as
the material and formal qualities of art (such as shapes,
colors and patterns,) [5]. Contrary to traditional art, which
generates and produces objects, crafts, or environments,
Bio-Art focuses more on its “core materials”, which means
the organism’s development and species’ evolution.

Boundaries of living and nonliving

Are there categories of life? Biologists would answer yes,
presenting the whole discipline of taxonomy. However, as
regards ethical issues such as the moral status of natural or
artificial life, the boundaries must be drawn somewhere
other than simply between species.

As Christian Martin [2] points out “life” is not a merely
descriptive phenomenon but also includes a normative
component. He suggests a differentiation of the term life '
into three steps: (1) “mere life” (2) “prereflexively self-
conscious life” and (3) “reflexively self-conscious life.”

Even in biology, there is no satisfactory definition of
life. Most attempts to describe what life is are limited to a
list of functional features of life [17]. Therefore it is hard to
define a boundary between the living and the nonliving,
even from a scientific point of view.

Disciplinary Boundaries

Bio-Art is a new direction in contemporary art that ex-
plores the processes of life. Thus, it is frequently deployed
as one approach to synthetic biology, which challenges

1 o . . .
The prototype for mere life is that of single-cell organisms, whereas self-conscious

life encompasses the experience of a “self ” in the form of pain. Reflexive self-

conscious life entails understanding, judgment and the ability to conclude [2].



biotechnology by applying engineering principles in biolo-
gy. Synthetic biologists intend not only to understand life
better but also to utilize it in applications to minimize and
optimize, to variegate and transcend life, to design and to
standardize it.

A fundamental trait of synthetic biology is its interdis-
ciplinary character. To be able to deal with the complexity
of biological systems, synthetic biology crosses discipli-
nary boundaries. So does bio-art which, crosses not only
disciplinary borders within science but also the line be-
tween science and art.

Related works

Invariably, Bio-Art employs one or more of the following
methods to address how life is brought into real world con-
texts and how to seek the meaning of life through such
interactions with the world [5]: “(1) the coaching of bio
materials into specific inert shapes or behaviors,; (2) the
unusual or subversive use of biotech tools and process; (3)
the invention or transformation of a living organism with
or without social or environmental integration.” Bio-Art
emphasizes the dialogical and relational (such as cell inter-
action, interspecies communication, and so on) as much as
the material and formal qualities of art (such as shapes,
colors and patterns,) [5]. Contrary to traditional art, which
generates and produces objects, crafts, or environments,
Bio-Art focuses more on its “core materials”, which
means the organism’s development and species’ evolution.

In exploring the journey of life and synthesis of life,
while certain artists experiment with plants (e.g Strepto-
carpus hybrid by Gessert, 2002), other groups look into
“tissue culture” (e.g Digital montage by Catts and Zurr,
1998), some might also follow the coupling of the organic
and inorganic, or the living and the machine (e.g Victimless
Leather by Oron Catts and Tonat Zurr 2004). Some might
look into biological systems of self-organization and col-
lective decision-making, and the process of achieving dra-
matically varied results with very small alterations in an
initial settings. (e.g Objectivity by Bar-Shai, 2007) and
some might use the living organism as new material for
design of inhabitable aesthetics (e.g Alive: New Design
Frontiers by ecoLogicStudio) [5].

In our work, we adopted the third approach (the inven-
tion or transformation of a living organism) during the
process of designing algae and its behaviors, precisely be-
cause it works in the living, from a single cell to a mam-
mal. Such synthesis uses the properties of life and its mate-
rials, changes organisms within specific species, or invents
life with new characteristics.

We believe that Bio-Art is not simply about creating
metaphorical representations of scientific concepts — it is
about using actual scientific techniques, creating hybrids
and manipulating live organisms. As Eduardo Kac stated:
“After the age of robotics and digital technology, the new

media is biotechnology” [4].

Figure 1. The Tissue Culture and Art project (Victimless Leather), led by
Oron Catts and lonat Zurr, have used tissue culturing in art. Their work
features the semi-living: animal cells (which have included frog, human,
pig, and mouse cells) that live and grow within bioreactors. The series is
an ironic commentary on the positivist promises of growing leather and
meat in a vat, without the ethical murkiness of having to kill an animal

[5].

Figure 2. Nurit Bar-Shai’s Objectivity [tentative]. The work explores the
network and communication systems of Paenibacillus vortex bacteria.
It explores the intersection of Art, Science and Technology. Using various
settings to visualize the "chemical tweets" of microorganisms as beautiful
and rare image patterns [5].

Figure 3. Alive: New Design Frontiers is an interactive / living environ-
ment installed at the EDF Foundation in Paris. Its morphology emerges
from the reinvention of one of the archetypes of architecture, the column;

imagined as a living and responsive organism, a photobioreactor of mi-
croalgae, ecoLogicStudio [24].



Creation of the artwork

Art as it could Be

To create the aesthetic relationship between living and
nonliving, we gather interdisciplinary knowledge that sup-
ports the development of an analog computation to study
biological behaviors within digital computational systems,
including such processes as growth and evolution. This
strategy of making possible complex phenomena by simu-
lating simple components is known as a “bottom-up” ap-
proach [1].

A consequence of a “bottom-up” approach may be un-
certainty regarding the outcome, but proponents of Artifi-
cial-Life are interested in the multiple phenomena that
emerges from biologically-inspired artificial processes,
even if the results have no direct counterparts in the natural
world: an ecology of possible life made or orchestrated by
humans rather than by nature. Langton characterized it as
“life as it could be”, in contrast to “life as we know it” [7].

The study of “life as it could be” has cultural im-
portance; it implies a movement from an anthropocentric
view toward regaining a balance with a cosmocentric point
of view. This means that humans become one of many
possible intelligent beings in the universe, rather than the
only one [7]. The suffix “as it could be,” indicates a shift
in thought and experience beyond the immediately appar-
ent to the imaginable and possible: this lies at the heart of
exploratory aspects of our artwork [8].

Our tendency is to find consummation in our experienc-
es, to integrate or crystallize the loose ends of expectations
and anticipations into an aesthetic experience. However,
we believe that art capable of stirring our usual concep-
tions in ways that do not fully resolve into an easy experi-
ence and understanding has its own merits, ones that may
persist beyond the initial experience with an artwork. One
may be disturbed, delighted or struck with awe or disgust
by participating with an artwork. Such an experience may
reflect intensified emotions, and may be remembered as
significant. An aesthetic experience is made of the same
“material” as experience in general, but is intensified,
without being arrested, diverted or distracted; “Then and
only then is it integrated within and demarcated in the
general stream of experience from other experiences” [4].
Life is not an uninterrupted flow, but has a distinct rhythm;
Art also follows this principle (regardless of the medium),
and those rhythms may be dissonant or sublime.

By deepening our knowledge of how nature works, and
by questioning uneasiness by redefining ourselves as na-
ture, we can integrate life and art in the creation of specu-
lative new worlds capable of engendering more powerful
aesthetic experiences.

The installation

Grene Epiphytes is an interactive-living installation em-
phasizing the sense of aliveness and implying continual
changes in living things/organisms.

The morphology of Grene Epiphytes emerges from a

lattice system housing arrays of clusters filled with algae; a
living and dynamic network that arc above and around our
attention and senses.

The system employs a series of transparent tubings,
which are knotted into networks of a mesh-like structure;
these in turn form the bio-matrix, connecting floor to ceil-
ing in an arch-like shape. Living algae is pumped through
the textile-like mesh, soaking up the daytime sun. Through
photosynthesis, the algae forms a continuum of growth,
change and interaction from processes of photosynthesis to
harvesting by humans. The tubes, arranged in a textile-like
mesh become an inhabitable form not only for the algae,
but for human participants as well. The transparency of the
tubes, help in directing participant’s attention to the living
forms and processes of the algae that temporarily “house”
human participants. In this manner, the Spirulina algae are
multiplied food for humans and other animals, co-
producers of the very air we breathe, and in a way, keepers
of time and transformers of light.

The overall shape of the installation offers an immersive
experience for participants: an otherworldly space made of
living biological substances and entities. Somewhat unex-
pected behaviors emerge in continuous motion and ex-
change in across differing time-scales.

Figure 4. Growing an algae culture and production of different
colors with medium and nutrient changes in a lab setting (to test
the changing color behavior in exhibition).

&

Figure 5. Fidelity prototype of the Grene Epiphytes concept using
tubings filled with blue-green algae.

The Algae

Microalgae, like any other plant, when grown using sun-
light, consumes (or absorbs) carbon dioxide (CO;) and as
they grow, releasing oxygen (O,) and Biomass (lipids-
natural oils).



The flows of energy and growth pattern in Grene Epi-
phytes responding and adjusting to weather patterns and
participants movements during the exhibition. With more
direct sun, for instance, the algae photosynthesize and
grow more intensively; thus transparency, variant colors
and the growth are some of the “products” of this complex
set of relationships among climate, micro-algae, partici-
pants and the synthetic control system.

The bio-matrix hosts blue-green microalgae organisms
(Spirulina) embedded with ambient light, sensors, actuators
and a programmable virtual interface. Flows of energy
(natural glowing light in dark), matter (biomass, carbon
dioxide) and information (participants behaviors and
movement) induce multiple mechanisms of self-regulation
and evolution of novel forms of self-organizing algae dur-
ing the exhibition.

The life of this hybrid organic system tries to marginal-
ize Wilhelm Reich’s idea that “all plasmatic matter per-
ceives, with or without sensory nerves. The amoeba has no
sensory or motor nerves, and still it perceives... The terror
of the total convulsion, of involuntary movement and spon-
taneous excitation is joined to the splitting up of organs
and organ sensations. This terror is the real stumbling
block...” [18].

Why Algae?

It is now time to overcome the separation between tech-
nology and natural phenomena, to embrace its fuller poten-
tials and genius across the multi-levels of design and eve-
ryday life. In this artwork, the boundaries between the ma-
terials, spatial and technological dimensions have been
carefully articulated. The goal is to experiment the notion
of hybrid space and the boundaries of living and non-living
and to introduce and illustrate one of the natural sources of
energy on earth and its efficiency, flexibility and beauty.

Algae are the fastest-growing organic material on the
planet (ten times faster than trees). Some species double
their volume every 6 hours. Compared to some of the
plants that humans grow, microscopic Algae’s yield per
hectare is considerably higher than that of sunflower or
rapeseed. Moreover, microscopic algae are a group of rela-
tively simple organisms that capture the energy of light
through photosynthesis, using it to convert inorganic sub-
stances into organic matter. Perhaps most surprising is that
while humans in industrial mindsets see algae’s potential
as a form of energy which may replace petroleum (oil), it is
also a food, but a food not commonly consumed as other
animals do (whales, shrimps, flamingos). Rather, it is
packaged and sold as tablets (e.g boosting the immune
system, improving memory, increasing  energy
and metabolism). That algae, then, is not used as a form of
common, widely available food, full of anti-cancer proper-
ties and so high in nutrients that it would outstrip the so-
called “superfoods” is curious.

Conclusion

This artwork is intended to reveal the evolving beauty and
complexities of a life-form we regularly take for granted
and dismiss on the one hand, or to a much lesser extent,
revered as a new raw “superfood” (in encapsulated form)
on the other hand. Grene Epiphytes creates ways in which
algae transform in our imagination from an annoyance that
clouds our ponds and pools to an immersive environment
that reveals its own responsiveness to our changing climate
and movement of participants. Also the artwork enables
complex understandings of its responsiveness and of
mechanisms that transform light into the invisible ether we
breathe. It emphasizes the many ways in which easy defini-
tions of ‘the virtual’ and ‘the physical’ are problematic
categories that cannot be maintained, and provokes specu-
lation more on direct experience rather than on abstract
concepts of creativity and beauty, and of nature and design.
In these and other ways, Grene Epiphytes expands recog-
nizable art-forms into more specular experiences of “art as
it could be” [8].

Contribution

This research contributes to emerging interests in Bio-Art,
nurturing ways that humans and non-human life-forms
may explore the inhabitable moments when their perspec-
tives, needs and relations collide and collude. Implicitly,
participants are asked to ‘a-volve’ their imagination and
notions of life and evolution as they immerse themselves in
physical, intellectual and emotional dialogues with the
work. Artwork such as this may also facilitate diverse
forms of interaction and alternative understandings among
the art, computer science, life sciences and scientific com-
munities. Ultimately, Grene Epiphytes may encourage art-
ists and their public participants to further seek out in-
formative resources and multiple engagements with this
fascinating form of art.
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