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Abstract
Scientific evidence that the ocean plastic crisis is larger in scale and more sinister than
previously thought continues to mount, but the rate of plastic production is only rising. What will
it take to decisively turn the tide against plastic? We need scientists, politicians, and industry
changemakers to continue producing knowledge and positive change in the industry, but we need
to go further still. This thesis explores art as an alternative visual communication strategy with
the capacity to encourage curiosity, empathy, and positive engagement with the issue of ocean
plastics. The series of work explores bacterial bioluminescence as an artistic medium in
juxtaposition with objects of found ocean plastic. The photographs in the series build on the
concepts of mutualism, illumination, critical densities, and interspecies communication to
reimagine how we might further the discourse around ocean plastic.
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Introduction
Although humans are a terrestrial species, we rely on the ocean for a large part of our diet,
economies, and even the oxygen we breathe.1 Due to its immense volume, surface area,
productive capacity, and its role in climate regulation, the health of the ocean is a critical
component within the larger picture of planetary health. However, global environmental trends
show stark and accelerating decreases across multiple indicators of ocean biome integrity
including measures of biodiversity, suitable habitat, and minimum viable population sizes.2
Compared to terrestrial and atmospheric sciences, the ocean remains a surprisingly unexplored
frontier whose sheer scale and difficulty to work in makes it challenging to quantify the
compounding effects of our individual actions over time.3 In this light, ocean health appears to us
as a rather abstract concept — hard to understand and empathize with and therefore all but
impossible to address rapidly, effectively, or at scale. This complicates our ability to mitigate and
eventually reverse the damage we are causing so that the continued deterioration of the ocean's
health appears imminent if no drastic changes take place soon.
Though climate change is likely the greatest long-term threat to the ocean, the problem of plastic
pollution has recently received a lot of attention in the media and garnered the public's interest. It
turns out that plastic is anything but inert, as was once thought. The Guardian reporter Stephen
Buranyi explains that “we used to see [plastic] as litter – a nuisance but not a menace. That idea

1

“Why Should We Care about the Ocean?,” National Oceanic and Atmospheric Administration. n.d.
McQuatters-Gollop, Abigail, Ian Mitchell, Cristina Vina-Herbon, Jacob Bedford, Prue F.E. Addison, Christopher P.
Lynam, P. N. Geetha, et al. “From Science to Evidence - How Biodiversity Indicators Can Be Used for Effective
Marine Conservation Policy and Management.” Frontiers in Marine Science 6, no. Mar 2019.
3
“Oceans: The Great Unknown,” National Aeronautics and Space Administration. 2009.
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has been undermined by the recent widespread acknowledgment that plastic is far more
pervasive and sinister than most people had ever imagined.”4
We know that the world produces 300 million tons of plastic per year, 8 million tons of which
end up in the oceans. 50% of these plastics are single-use, intended for disposal after their
immediate utility is used.5 Since production began in the 1950’s, the total amount of plastic
produced has surpassed 8.3 billion metric tons, or just over one ton of plastic for every person
currently alive. Of this total amount, only 9% has ever been recycled, 12% has been incinerated,
and the remaining 79% remains in landfills or circulates freely in the environment.6 You would
hope that we would at least be slowing things down, but the rate of plastic production is only
increasing, with production levels doubling every 11 years.7 Of course once produced, plastic
takes hundreds to thousands of years to degrade, if at all. Though plastic does not degrade like
most other materials, it does continually break down into smaller and smaller pieces called
microplastics (any plastic piece smaller than 5 mm long), which can take both granular and
fibrous forms.
What does all this plastic mean for the ocean? Approximately 3-10% of all plastic produced ends
up in the ocean, where the majority of it sinks (70%) and poses a threat to seabed life, but the
remainder floats.8 In the ocean, what floats will travel and so the plastic that enters the ocean

4

Buranyi, Stephen. “The Plastic Backlash: What’s behind Our Sudden Rage – and Will It Make a Difference?” The
Guardian, Nov 2018.
5
“Facts About Plastic,” Plastic Oceans Foundation. n.d.
6
Geyer, Roland, Jenna R. Jambeck, and Kara Lavender Law. “Production, Use, and Fate of All Plastics Ever Made.”
Science Advances 3, no. 7. July 2017.
7
Smith, Kat. “Every Decade the Amount of Plastic We Produce Doubles! Learn How to Stop This NOW,” One Green
Planet. 2016.
8
“Plastic Debris in the World’s Oceans.” Greenpeace International. Amsterdam, 2006.
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through arterial riverways and ships end up far away from where it started. The National Oceanic
and Atmospheric Administration (NOAA) explains how ocean plastics accumulate:
Garbage patches are large areas of the ocean where litter, fishing gear, and other debris known as marine debris - collects. They are formed by rotating ocean currents called
“gyres.” You can think of them as big whirlpools that pull objects in. The gyres pull
debris into one location, often the gyre’s center, forming “patches.” There are five gyres
in the ocean. One in the Indian Ocean, two in the Atlantic Ocean, and two in the Pacific
Ocean. Garbage patches of varying sizes are located in each gyre.9
The oceanic garbage patches may be the most visible form of plastic pollution in the oceans, but
the impact of plastic goes much further. The problem derives primarily from the fact that plastic
resembles the preferred food of many species, from microplastic granules mimicking the
plankton and krill eaten by bigger animals to larger plastic objects like plastic bags looking like
jellyfish, for example. Accidental consumption is a big issue, with one global study finding that
90% of seabirds have plastic in their stomachs,10 and another showing that 56% of all cetacean
species (whales, dolphins, and porpoises) have been recorded eating plastic.11
However, accidental consumption is only one part of the risk. “Ghost fishing” is a term that
refers to “abandoned, lost, or otherwise discarded fishing gear” that continues to ensnare and kill
animals, even though there is no intentional harvesting being done. The United Nations reports
that “between 600,000 and 800,000 metric tons of ghost gear enters the ocean per year, killing or
injuring over 100,000 whales, dolphins, seals, and turtles.”12 Even plastic that is not originally

9

“Garbage Patches | OR&R’s Marine Debris Program,” National Oceanic and Atmospheric Administration. n.d.
Wilcox, Chris, Erik Van Sebille, Britta Denise Hardesty, and James A. Estes. “Threat of Plastic Pollution to Seabirds
Is Global, Pervasive, and Increasing.” PNAS. 112, no. 38. Sep 2015: 11899–904.
11
“Plastic Pollution - Facts and Information,” Whale and Dolphin Conservation. n.d.
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“How to Banish the Ghosts of Dead Fishing Gear from Our Seas,” United Nations Environment Programme. Dec
2018.
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fishing gear, such as the plastic 6-pack rings made famous in the movie Happy Feet, can end up
ensnaring animals.
The risk is not just of plastic causing physical harm by interfering with digestion or entangling an
animal. It turns out that the 15-51 trillion pieces of microplastics in the ocean, which may make
up to 90% of all ocean plastic,13 are just as dangerous as the bigger pieces. These microplastics
have the capacity to accumulate in biological tissues once ingested, permeate through cell walls,
and leach toxic chemicals into the bodies of the organisms that consume them.14 These plastics
often contain dangerous chemical additives (e.g. flame retardants, colorants, UV stabilizers) and
contaminants (plastics will absorb hydrophobic chemical pollutants they come into contact with).
When ingested, these chemicals will leach into the organism and function as endocrine disruptors
and carcinogens, and may consequently be linked to conditions like infertility and reduced
overall fitness.15 This toxicity has been shown to bioaccumulate as you go up the marine food
chain,16 affecting apex predators (such as us) disproportionately. Our own seafood may be
poisoning us.
The facts are clear – scientific literature demonstrates just how big of a problem ocean plastic has
become, but we need more than facts and science to reverse global plastic trends. For people to
demand change, they must be aware of the problem and feel directly connected to its
consequences. The problem of ocean plastic first entered public consciousness in 1997 when
Captain Charles Moore discovered the Great Pacific Garbage Patch and subsequently began to

13

Parker, Laura. “Ocean Life Eats Tons of Plastic—Here’s Why That Matters,” National Geographic, Aug 2017.
Gallo, F., Fossi, C., Weber, R., Santillo, D., Sousa, J., Ingram, I., et al. Marine litter plastics and microplastics and
their toxic chemicals components: the need for urgent preventive measures. Environmental Sciences Europe.
Springer Verlag. Apr 2018.
15
Ibid.
16
Ibid.
14
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research and disseminate knowledge about the destructive effects of plastics on marine species
and ecosystems. However, rigorous inquiry into the origins, effects, and mitigation of ocean
plastics has been slow to develop.17 Public awareness of and interest in the plastic problem
started gaining momentum around 2015 with a few events leading to the creation of a global
anti-plastics movement.18 The importance of visual imagery in creating interest and support for
the movement became apparent when a team of marine biologists working in Costa Rica posted
a video of an Olive Ridley sea turtle with a plastic straw stuck up its nasal cavity on YouTube.19
The video has since spread by social media as well as traditional news channels and has, at the
time of this writing, over 38 million views. With one short video, the problem suddenly became
tangible, leading to the creation of a strong anti-plastic straw movement and contributing to the
broader movement against single-use plastics. In the aftermath of this video going viral,
Christine Figgener, the scientist behind the camera, published a letter in Nature grappling with
the implications of her experience “straddling both academia and advocacy.” Figgener
concludes, “Maybe a few hundred scientists read the peer-reviewed article, whereas millions of
people saw the video. Which had the bigger impact?”20
Between 2015 and 2018, the anti-plastics movement began to gather momentum as more
evidence entered the public realm of the extent of the contamination of our food, water, and
bodies by microplastics. In 2016, the World Economic Forum (WEF) published a report titled,
"The New Plastics Economy: Rethinking the Future of Plastics." The report found that if current
fishing and waste management trends continue, there will be more plastic than fish in the ocean

17

Captain Charles Moore in personal communication with the author. Long Beach, CA. Nov 2019.
Buranyi, Stephen.
19
Figgener, C. Sea Turtle with Straw up its Nostril - “NO” TO PLASTIC STRAWS. 2015. Retrieved December 12, 2019,
from https://www.youtube.com/watch?v=4wH878t78bw&t=1s
20
Figgener, C. What I learnt pulling a straw out of a turtle’s nose. Nature. Nov 2018. 157–157.
18
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by 2050 (by weight).21 This too marked a turning point in public sentiment against plastic by
providing a clear and simple way to understand the scale and impact of the plastics pollution and
fisheries depletion problems. While the findings from this report made great fodder for news
headlines, I believe the report was able to enduringly improve the way we think about plastic
waste because it conceptually bridged the gap of awareness between our individual actions and
their eventual consequences.
A more recent contributing factor to the public’s growing anti-plastic sentiment was the January
2018 release of the final episode of Blue Planet II. This episode dedicated six minutes to
portraying the reality of plastic in the ocean, with animals shown tangled up hopelessly in
discarded fishing gear and dead from having mistaken plastic for food. Reporting for the
Guardian, Buranyi describes the public response to this episode:
“It was the biggest reaction to anything in the whole series,” Tom McDonald, head of
commissioning at the BBC, told me. “People didn’t just want to talk about the episode –
which is the usual – they were asking us how to fix things.” Over the next few days,
politicians fielded calls and received a flood of emails from their constituents who felt
moved to action by the programme. People started referring to the “Blue Planet II effect”
to explain why public opinion had shifted against plastic so decisively.22
Graphic and disturbing visual representation of the problem such as that provided by Blue Planet
II provides another method of reaching the public consciousness, though reliance on the
emotional shock value of these images may lead to what researchers refer to as “compassion
fatigue.” Compassion fatigue refers to “a state of exhaustion and dysfunction, biologically,
physiologically and emotionally, as a result of prolonged exposure to compassion stress,”23 such
as seeing disturbing images of animals entangled in plastic. A classic example of this is the

21

The New Plastics Economy: Rethinking the future of plastics. World Economic Forum. Geneva. 2016.
Buranyi, Stephen.
23
Gabbert, Elisa. “Is Compassion Fatigue Inevitable in an Age of 24-Hour News?,” The Guardian. Aug 2018.
22
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television commercials aired by People for the Ethical Treatment of Animals (PETA) depicting
suffering and sad looking pets while requesting donations from viewers. From my experience,
the effect of this type of image diminishes rather quickly and eventually leads to completely
tuning them out.
What then, might be an effective medium for communicating the plastic crisis? Visual perception
is not only about what lies directly in sight, it is also heavily influenced by factors such as
imagination, memory, hope, and fear.24 These factors provide a psychological and emotional
context for processing what you see and may proffer ideas for creating alternative visual
representations to communicate about the plastic crisis that do not rely on shocking and
disturbing elements but instead rely on the innate human preference for visual and moral
beauty25 to promote curiosity and positive engagement with the issue.
In “Feeling Beauty: The Neuroscience of Aesthetic Experience,” Gabrielle Starr states that
“aesthetic experience makes possible the unexpected valuation of objects, ideas, and perceptions
and enables new configurations of what is known, new frameworks for interpretation, and
perhaps even a new willingness to entertain what is strange or to let the familiar and the novel
live side by side.” Within this framework, she goes on to say that “[Art] mediates our knowledge
of the world around us by directing attention, shaping perceptions, engaging our emotions, and…
[contributing] to our ability to imagine other worlds.”26
It is this that my project intends to do.

24

Mitchell, Bill. “The Importance of ‘Disturbing Images,’” Poynter. Sep 2002.
Mo, Ce, Tiansheng Xia, Kaixin Qin, and Lei Mo. “Natural Tendency towards Beauty in Humans: Evidence from
Binocular Rivalry.” Edited by Maurice Ptito. PLOS ONE 11, no. 3. Mar 2016.
26
Starr, G. Gabrielle. Feeling Beauty: The Neuroscience of Aesthetic Experience. MIT Press, 2015.
25
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Personal Interest
“In the end we will conserve only what we love, we will love only what we understand, and we
will understand only what we are taught.”
This is the famous statement delivered to the International Union for Conservation of Nature
(IUCN) by Baba Dioum in 1968.27 Having grown up in Miami spending a lot of time around the
ocean, I can tell you what any ocean enthusiast would say about plastic, it sucks. Once in the
ocean, plastic floats, litters, pollutes, coats, suffocates and disturbs everything it touches. There is
nothing worse than seeing artificial flotsam intermingling with seaweed or washed up on shore at
your favorite beach. Though the anti-plastics movement has recently grown to be acknowledged
as one of the largest environmental crises of our day, we remain far from addressing the issue
effectively at its global scale. What will it will take to decisively turn the tide against plastic,
once and for all?
I knew I wanted to work with the topic of ocean health for my thesis, but my original idea was
for a conventional written thesis in which I would consolidate and analyze a series of successful
case studies in both plastics and fisheries management. I figured I could identify successful cases
of both plastics and fisheries management and analyze why they worked and how these
successes might be scaled up around the world. This would be a useful addition to the body of
knowledge already out there on this topic. But do we really need more literature on the topic?
I began questioning the effectiveness of scientific studies and scholarly literature in enacting
change. How many people are going to read my thesis and, of those, how many would go on to

27

Dioum, Baba. New Delhi, 1968.
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be influenced by it? I thought about what I already knew. People respond to visual
communication-- without the graphic video of the sea turtle with a straw in its nose and the Blue
Planet II section on plastic, the whole anti-plastics movement would likely be even further from
hitting its stride than it currently is. Visual media is effective at raising awareness and
disseminating knowledge to broad audiences, but it remains separated by a chasm from the
processes that build true empathy, “if images only provide information, they have failed.”28 It is
one thing to know that the plastic we use in our everyday lives goes on to end up wreaking havoc
in our oceans, but it takes more than knowledge to get people to change their behavior or go
further and take a definitive stance against something. We need scientists, politicians, and
industry changemakers to continue producing knowledge and positive change in the industry, but
we need to go further still.
Seeing something with your own eyes is a good way to get people to care, but not everyone lives
near the ocean and, even if they do, they would not necessarily care to learn about the problem.
Literal representations of the problem such as the video of the sea turtle with the straw and Blue
Planet II offer a way for anyone with an internet connection to see what is happening out on the
ocean from wherever they may be. Though viral and mass media such as this have an important
role to play in creating interest in the ocean plastics problem, graphic visual representation is not
the best way to create long-term interest and empathy for an issue.
Instead, art may offer an alternative visual method of promoting interest, engagement, and
support for the anti-plastics movement. Art becomes a potential bridge between knowledge and
empathy because it pushes beyond visual representation to the conceptual. In 2015, the media

28

Mitchell, Bill.

14

seized on the WEF report because it was effective in conceptually representing the plastic crisis.
The magnitude of the problem, with 8 million metric tons of plastic entering the oceans every
year (150 million metric tons are already there)29, is normally all but impossible to wrap our
heads around. However, by conceptually representing the problem as one of the total amount of
plastic surpassing the amount of fish in the ocean (by weight) by 2050, this report imbued a
single sentence with the power to succinctly communicate the magnitude and severity of the
issue. The effectiveness of conceptual representation may be the missing link required for the
literature and visual media that is produced on the topic of ocean plastics to truly impact
people—spurring direct anti-plastics interest and action.
“Art has the power to transform, to illuminate, to educate, inspire and motivate.”30
Early on in the semester, I became interested in the prospect of turning my thesis topic into
something other than a standard written thesis, something more hands-on and experimental. I
decided my thesis would be artistic in nature, allowing me to convey what is at stake, promote
interest in, and build empathy for the plastic problem. If we must understand in order to love and
love in order to protect, we must address the health of our oceans as a matter of effective
communication. By combining visual and conceptual representations of the ocean plastic crisis, I
believe this project can effectively encapsulate the knowledge that we must act to protect the
future of our oceans. Here, indirect representation offers the opportunity to reach into the
metaphorical to draw powerful connections, promote curiosity, and encourage analytical
contemplation of the problem in a way that direct visual representation does not. It also makes

29
30

“Plastics in the Ocean,” Ocean Conservancy. n.d.
Fierstein, Harvey. “Reimagining the Story of Newsies,” May 2012.
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the issue accessible to a broader audience. For some, reading scholarly literature or watching
Blue Planet II may be enough to encourage their intellectual engagement with the issue of
plastic, but art can reach additional groups of people that science and traditional media
oftentimes cannot.
The idea to work directly with the ocean plastic I was reading about came naturally. What better
material to start from than the literal problem itself? The more nuanced aspect became how to
frame it. I had a few ideas for sculpting the plastic into thematic marine shapes, but this
ultimately felt conceptually flat.
Light is something that has fascinated me since an early age. From its symbolic and spiritual
significance to its role in regulating our circadian rhythm and influencing our psychological and
physiological health, I had been thinking about light for a while before beginning this project.
With my ocean plastic in hand, I wondered if there was a way to work with light to convey what
I wanted to say. Two things immediately came to mind-- lighthouses and dinoflagellates. What if
I could sculpt the plastic into a small, functional lighthouse and craft a message about humanity’s
charted course for disaster despite visible warnings? Or what if I could use bioluminescent
dinoflagellates, those little planktonic species that flash bright blue when disturbed, to talk about
the fragility and inherent transience of life as foil to the hardy, nearly everlasting plastic
accumulating in the oceans? Ultimately, I decided to work with something I already had some
experience with, albeit indirectly.
In the summer of 2017 I received a National Science Foundation (NSF) Research Experience for
Undergraduates (REU) stipend to study the way that Hawaiian bobtail squid and their bacterial
symbiont, Vibrio fischeri, respond to heat stress. The Hawaiian bobtail squid is a fascinating

16

cephalopod that uses the light from its symbiotic bacteria, housed in a special light organ, to
evade predation by counter-illuminating its moonlit shadow. Vibrio fischeri exist in both a freeliving state throughout the ocean as well as in association with several marine animals such as
the Hawaiian bobtail squid. In these partnerships, the bacteria provide a service usually related to
camouflage or vision in return for a safe and nutritious host environment. Vibrio fischeri do not
luminesce in their free-living state since the amount of light produced would be ineffective for
any biological purpose. However, when in symbiosis with another organism the bacteria are able
to reach higher cell densities in specialized light organs and, by a process called quorum sensing,
chemically detect when they have passed a minimum threshold density. Only then do they begin
producing light. This light, I thought, could be an interesting artistic medium.
While working on that same project, I had the opportunity to work for a day at the University of
Southern California’s (USC) Translational Imaging Center with my research mentor, Dr. Joshua
Troll. We shot an image of a juvenile squid’s light organ on a confocal laser scanning
microscope that day which, despite not being very scientifically valuable, ended up being what
grabbed everyone’s attention when they saw my work.31 In that instance I realized just how
drawn we are to visually interesting stimuli and how valuable it could be to align artistic vision
with scientific or policy goals.

31

Appendix 2. Confocal Laser Microscopy Image (Composite) of juvenile Hawaiian bobtail squid light organ. Image
by author and Dr. Joshua Troll.
Langesfeld, Ivan. “The Summer of Squid,” 2017. http://dornsife-blogs.usc.edu/wrigley/?p=1221&fbclid=IwAR2j_7WAP5gym8Jryq-9O-Q8X_8iG0AYXV1W0kcamonZ49lLbAtyols_e4.
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Methods
Plastic Collection
On October 6th, 2019, I participated in a kayak and stand-up paddleboard (SUP) harbor cleanup
with the Huntington Beach chapter of the Surfrider Foundation. The Surfrider Foundation is an
organization originally founded by surfers to clean up and protect the oceans by supporting
ocean health relevant policy, science, and community organization. The cleanup consisted of
community members and a local boy scouts troupe in kayaks and SUP’s provided free of charge
by Huntington Harbour Boat Rentals. We paddled along the local canals collecting the plastic
debris we saw floating on the water, mired on the shoreline, or stuck in shallow water. Surfrider
leads several cleanups per month, each of which involves 20-60 participants who collect an
average of 5 lbs of plastic, though I collected 12 lbs that day.
By working with Surfrider, I was able to get my hands on real plastic salvaged from the oceans
and gain insight into how community organizing factors into the anti-plastics movement. No
form of beach cleanup is going to address the underlying problem of our plastic dependency, but
the greatest value of these cleanups is not in how much plastic they remove from our waterways
but their influence on people’s behavior. Studies show that participatory programs like beach
cleanups raise public awareness about the plastic crisis more effectively than non-participatory
programs such as advertisement.32 The cleanups can also be important for cataloguing the types
of plastic commonly found in the ocean and tracing them back to their source.33 By incorporating

32

Parker, Laura. “Beach Clean-up Study Shows Global Scope of Plastic Pollution,” Oct 2018.
Wyles, Kayleigh J, Sabine Pahl, Matthew Holland, and Richard C Thompson. “Can Beach Cleans Do More Than
Clean-Up Litter? Comparing Beach Cleans to Other Coastal Activities.” Environment and Behavior 49, no. 5. 2017:
509–35.
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the cleanup into my materials sourcing, I was able to see how programs like this end up having
an impact larger than their immediate plastic removal footprint.
Though most of my plastic material came from the beach cleanup, I also started collecting and
paying attention to the plastic waste generated in my day-to-day life. With so much of our plastic
waste ending up in the environment and oceans, it seemed like an integral part of the
conversation to work not only with ocean-salvaged plastics but also with the plastic waste likely
to end up in the ocean in the near future. By way of the Los Angeles and Santa Ana River
Watersheds, storm events, wind, and other dispersal mechanisms, it is foreseeable that some of
the waste produced in the city of Claremont is, in fact, the same waste washing up on beaches in
the area. A few of these items wound up in my project.
In addition, the plastic in a few of the photographs was provided by Captain Charles Moore in
Long Beach, CA. This plastic was collected from the Great Pacific Garbage Patch, an area 1.6
million square kilometers in size (roughly three times the size of France), halfway between
Hawaii and California.34
Microbiology
The biological samples and medias necessary for culturing Vibrio fischeri in this project were
obtained from Carolina Biological Supply Company (hereafter “Carolina Supply Co.”). The lab
equipment I used was generously provided by Professor Jonathan Moore and the Department of
Biology at Pomona College.35

34

Lebreton, L., B. Slat, F. Ferrari, B. Sainte-Rose, J. Aitken, R. Marthouse, S. Hajbane, et al. “Evidence That the Great
Pacific Garbage Patch Is Rapidly Accumulating Plastic.” Scientific Reports 8, no. 1. Dec 2018.
35
Appendix 1. List of materials
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In general, Vibrio fischeri turned out to be easier to work with than I anticipated. Sub-culturing
the bacteria every 3-4 days is necessary to maintain the source culture’s health and
luminescence, but otherwise the bacteria was easy to develop artistic techniques with as its
requirements for growth, luminescence, and sterility were not as complex as I feared at first. The
bacteria grow well at room temperatures around 75° F and take 18-24 hours to reach quorum
sensing densities (at which point it begins to luminesce) once a new medium has been
inoculated. Surprisingly, a liquid culture will maintain luminescence for up to a week after
establishing quorum and an agar culture for around 3-4 days, both of which exceeded the
guidebook expectations from Carolina Supply Co. and other online literature.
For an art project where individual pieces need to last longer, sterility may be a tighter constraint,
but for the purposes of my work I had no trouble maintaining the culture’s relatively sterile
environment by disinfecting the workspace and plastic materials with a 70% ethanol solution. All
media and plastic used were sterilized at the end of their use either by ethanol rinse, autoclave, or
disposal as biohazardous waste, though Vibrio fischeri is classified as a biosafety level 1 (BSL-1)
organism and is regarded as very low risk to human and environmental health. The bacteria’s
requirements for marine salts in agar and liquid media likely made it easier to prevent
contamination of the media by other forms of bacteria or yeast which do not do well in saline
environments.
Artistic and Photographic Techniques
The two microbiological mediums I tailored to artistic purposes for this project are
photobacterium agar gel and photobacterium liquid broth media, both produced by Carolina
Supply Co. Agar is a gel substrate containing the culture media needed for the target bacteria to
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survive. At room temperature, photobacterium agar is a semi-translucent brown gel but it will
become liquid at higher temperatures. An autoclave was used to both sterilize and melt the agar
(a microwave can also be used but will not ensure sterility), before it was poured onto the
surfaces, into the volumes, or cast as the forms I wanted to work with. I made rudimentary
“casts” out of plastic pieces, masking tape, and other common lab objects in order to work with
the agar as a sculptural medium. The translucency of the agar became an interesting quality of
the medium, since by culturing the backside and sides of what I intended to photograph I could
create a greater sense of depth.
The liquid broth media came in powdered form, which needed to be dissolved in distilled water
and sterilized before it was ready to be inoculated. The resultant yellow-brown liquid is
inoculated by scraping a small number of bacterial cells from the source culture (on agar) into
the liquid solution. The flask of solution is then placed in a mechanical shaker in order to
promote growth by keeping the solution well-oxygenated. 18-24 hours later, the solution will
have reached quorum densities and is visibly luminescent.
As a liquid medium, the cultured broth can easily and quickly fill any volume, but the strongest
point of luminescence will remain the liquid-oxygen interface at the liquid’s surface. This
restriction required me to innovate a few solutions when I wanted consistent luminescence
throughout the volume. The simplest solution was to quickly shake an item before positioning it
for a photograph, but this introduced both the chance that the object would not be perfectly in
focus and the unavoidable fact that during the long-exposure the luminescence would again
concentrate at the liquid’s surface. To avoid this, I discovered that I could place some plasticconfined volumes on a magnetic stir plate with a magnetized stir bar in the object and stir the
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liquid mechanically from within. This solved the focus and luminescence gradient issues
inherent to working with the bacteria in liquid suspension, though for some purposes it was not
suitable. When trying to photograph specific objects in liquid suspension, the liquid medium
needs to be still to ensure the object is visible at long exposure. In this case, I resorted either to
the shake-and-place method or shooting vertically down into shallow water conditions, an
unusual lighting situation where the brightest point of illumination is between the camera and the
subject. It is essentially like shooting a subject through a filter of light.
I found that it is possible to “draw” with bacteria on new agar media by normal inoculation
techniques such as scraping the source culture with an inoculation needle and transferring it to
the new surface as if with a normal drawing tool. However, this leaves a large degree of
uncertainty as to where the line-stroke becomes bacteria depleted and must be re-applied, since
the luminescence of the stroke will only appear the next day. Fortunately, the liquid bacterial
solution works decently as a “paint,” which can be used with a normal nylon paintbrush to coat
agar surfaces smoothly. For the most even application of bacteria to an agar surface, I found that
submerging an agar surface in cultured broth (just enough to cover the agar) would leave the
surface with an even finish of light upon drying.
An additional technique I experimented with was using cultured agar as an out-of-frame
continuous lighting source (e.g. in lieu of a flashlight or overhead light). Though interesting to
think of a cultured surface or shallow volume as a form of spotlight, this technique was not
practical as the subject of the photo had to be very close to the light or the cultured surface would
have to be either bigger or hold a higher cell density to illuminate the subject more powerfully.
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This project was shot in RAW format on a Sony a6000 mirrorless digital camera mounted on a
small tripod. Most photos were shot with a 30 second exposure, though the range fell between 15
seconds and 2 minutes. Aperture ranged from f/3.5 to f/5.6. For this project, the ISO (image
sensor light sensitivity) was the most variable setting, with different light conditions requiring
lots of experimentation to balance ISO with exposure time. Most photos were shot at an ISO
between 4000-6400. With each photo taking at least one minute to shoot and then write to the
memory card, the shots selected for publication each represent 1-2 hours of shooting as well as
several hours of material prep and conceptual experimentation. All photos were shot in a
windowless lab space in the Seaver South Biology Building which luckily did not need any
modification to prevent light seepage from the doorframe. Adobe Lightroom image processing
software was used to reduce the background noise in a few pictures, but images remain otherwise
unprocessed.
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Artist Statement
“Vision becomes contemplative not when it sees something solid or distinct in the clarity of
light, but when it sees in and through distinct, visible objects the indistinct and invisible
origin and end that shines darkly in them.”36

Biotic and ephemeral, the visual phenomenon of bioluminescence is often described as a
transcendent or magical experience. Few of us are lucky enough to see this strange bluegreen glow in person, but our historical fascination with bioluminescence is visible across
multiple mythological and folkloric traditions. On the other hand, plastic is ubiquitous.
Everywhere in the world our daily lives are touched by and heavily dependent on the use of
this synthetic material, which was only invented relatively recently. For my undergraduate
thesis in Environmental Analysis, I knew I wanted to work with the topic of ocean health and
I thought, what better way to do so than to focus on the visual communication of the ocean
plastics crisis?
This series of work has been informed by my background in applied conservation and marine
science, building on the concepts of mutualism, illumination, critical densities, and
interspecies communication to bring to light new ways of communicating the global plastic
crisis. The series relies on the concept of defamiliarization, or ostranenie, to present common
plastic objects in an unfamiliar way in order to capture and sustain the viewer’s attention,
encouraging their curiosity and contemplative process. In this way, the series guides viewers
toward personal insight regarding their own complicity in a plastic-reliant consumerist

36
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society and promotes empathy for the health of our oceans. Ultimately, my goal with the
series is to spur support for and action in the anti-plastics movement.
Unlike other strains of bioluminescent marine bacteria, Vibrio fischeri will not luminesce in
its free-living oceanic state. The bacteria rely on a chemical signaling process called “quorum
sensing” to sense when the bacterial cell density in a given area has passed a minimum
threshold, at which point the bacteria’s luminescence genes activate. It is only in association
with certain species of squid and fish that the bacteria is able to reach quorum sensing
densities and begin producing light, a chemical process that is very energetically taxing on
the bacteria. The associations between animal hosts and Vibrio fischeri are examples of
mutualism, a relationship between two or more different species whereby each organism
benefits in some way. In mutualisms involving these bacteria, the animal hosts get
impressive benefits from the relationship ranging from camouflage to “flashlight”
capabilities useful for hunting in the dark. In return, the bacteria get a safe, nutritionally
abundant home and the potential for host-assisted dispersal back into the environment, where
it may colonize new hosts. Vibrio fischeri is also a useful bioindicator for monitoring
environmental pollutants. Otherwise healthy cultures of the bacteria will quickly stop
luminescing if exposed to toxic chemicals, heavy metals, or other pollutants.
As one of the main component media and sole method of illumination for the series, working
with Vibrio fischeri required me to set aside the idea of the artist as owner of a physical
manifestation of thought or concept. Instead, I began thinking of my role in the work as
artist-collaborator, a facilitator and shaper of the media but altogether not fully in control or
owner of it. Collaborating with Vibrio fischeri required me to understand its needs in a very
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practical sense, but also got me thinking about mutualism more abstractly and across
different biological scales. Despite our species largely negative impact on the oceans, we are
heavily dependent on them for our economies, food resources, and even the oxygen and
climate parameters we need to survive. The oceans would likely fare fine without humans,
but the fact that we exist leaves human health and ocean health inextricably interconnected as
we are the only ones capable of mitigating our own species’ negative impact.
I began to think of a speculative mutualism between Vibrio fischeri and humanity at large in
which both species benefit from addressing a mutual concern-- the health of our oceans.
What would this microbe tell us if it could speak for its own preservation and the health of
the ocean it is dependent upon? Though Vibrio fischeri cannot speak, it does glow. As a
collaborator-symbiont in this project, it fell on me to facilitate and translate this
bioluminescence into a visual message that could be more easily understood.
In the dark room conditions needed to work with bioluminescence, the normal operative
filters of the illuminated world fade away. The long-exposure photographs in this series
portray a visual field dominated by darkness where light—a product of a living ecology—
pierces through depths of shadow with a fleeting fragility. Visually evocative, eerie, and
perhaps a bit grim, the series draws on the stark contrast between biotic and abiotic,
permanence and impermanence, light and dark. Also on display within this series is the
tension that exists between light and dark, not just between things seen and unseen but in the
depths of shadow, where the phenomenon of emergence is not yet complete and uncertainty
reigns. How exactly were these images produced, what do they show, and what do they
represent? Embracing a certain degree of uncertainty here leaves space for the viewer’s
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curiosity to dispel complacency. Framed as much by these vivid contrasts as the uncertainty
surrounding our future lies a speculative message from our newfound bacterial symbiont.
The ability of Vibrio fischeri to produce its own light illuminates the potential for a world as
yet unknown to us where plastic is just a distant memory. What would a post-extractive, nonconsumerist world operating under the principles of biodegradability, reusability, and lifecentered design look like? Before we can find out, we need to concentrate and culture our
anti-plastic sentiment into a critical density. Past this threshold, we will be capable of
demanding and enacting the change necessary to protect the oceans and safeguard our own
future. Only then will we be able to finally and enduringly turn the lights on over the dark
and sinister truth lurking within each and every piece of plastic bobbing innocently among
the waves.
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Obstructed Vision. Found shutter shades over Vibrio fischeri, agar culture in petri dish. 2.5″ x
6″

29

Drown the sorrows... Found New Amsterdam Vodka Bottle, 50 ml. Vibrio fischeri culture,
photobacterium broth. 1″ x 4″

30

Our children’s future — Cries unheeded. Artist’s hand. New Amsterdam Vodka Bottle, 50 ml.
Doll arm. Vibrio fischeri culture, photobacterium broth. 1″ x 4″

31

Who writes the future? Vibrio fischeri cultured on agar in found pen casing. .25″ x 5″

32

Plastic buys plastic. Found Visa debit card submerged in Vibrio fischeri culture, photobacterium
broth. 2.1″ x 3.4″

33

Message in a bottle. Great Pacific Garbage Patch plastics in disposable water bottle. Vibrio
fischeri culture, photobacterium broth. 2.5″ x 10″

34

What’s for dinner? Cast agar fish on plastic plate. Vibrio fischeri culture. 5″ x 9.4″
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36

Flush - Ocean gyres photo series. Great Pacific Garbage Patch plastics in ice cream tub.
Mechanically stirred. Vibrio fischeri culture, photobacterium broth. 4.6″ x 5.8″
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Future Directions
This project has the potential to expand in scope and context in the future. This particular series
of images may be expanded and presented in different digital and print formats. There is also a
large potential to develop new microbiological and artistic techniques in order to continue
working with bacteria. In the future, cultures of Vibrio phosphoreum may be used instead of
Vibrio fischeri, as V. phosphoreum exhibits brighter luminescence. A broader goal for this
project is to turn it into a short-term installation for live public viewing.
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Appendix 1. List of Materials Used in Project
Plastic, various types and origins
Glassware, various types from lab and kitchen
Blue masking tape
Inoculation needle
70% ethanol disinfectant
Drying rack
Matte black color paper
Magnetic stir plate
Sony a6000 camera
Autoclave
Mechanical shaker
Nylon fiber paintbrushes
Vibrio fischeri, living culture
Photobacterium broth
Photobacterium agar
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Appendix 2. Confocal Laser Microscopy Image (Composite) of juvenile Hawaiian bobtail squid
light organ.

Image by author and Dr. Joshua Troll. Shot at the University of Southern California Translational
Imaging Center.
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