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Summary
Artists and designers influence many aspects of society, including how humans interact
with nature. While art and science are sometimes thought of as completely separate domains, art
can be used as an important tool for learning about scientific subjects. This is true today just as
in the past, when many naturalists were also artists, and artists were naturalists. For my thesis, I
investigated this phenomenon by using art to study a native species of butterfly and its larval
food plants.
To inform my work, I researched individuals in history who pursued both artistic and
scientific endeavors. A well-known example is Leonardo da Vinci, in whose notebooks can be
found examples of methods for conveying visual information that are still used in modern
medical illustration. Leonardo was a master of using both artistic and experimental techniques to
explore and communicate the relationship between form and function in a wide variety of
subjects. For a more local example, artist and naturalist John Abbot, born in 1751, painted birds,
insects, and other species native to the state of Georgia. His artwork and specimen collections
provided valuable information about North American organisms to European scholars. I studied
some of his original paintings of butterflies at the University of South Carolina’s Irvine
Department of Rare Books and Special Collections. For both Leonardo and Abbot, observation
from life was a vital part of their practice. As a modern example of the interactions between art
and science, Klaus Kemp is the only living artist practicing the lost Victorian art of arranging
microscopic organisms called diatoms into beautiful images. While pursuing his craft, Kemp
discovered new species and published his findings, showing how art can be an excellent tool for
gathering scientific information, whether the information is new only to the artist or in fact new
to the scientific community at large.
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I studied the butterfly species Agraulis vanillae, commonly known as the gulf fritillary,
and its larval food plants, various species of passionflower vines. I chose these species because
they are native to South Carolina, and their beauty and intricacy make them ideal artistic
subjects. These species are remarkable because of their close ecological relationship. The
butterflies lay their eggs on the passion flower vines, so that the caterpillars can later feed on the
leaves. This is an example of parasitism because the caterpillars enrich themselves while
harming the plants. Passionflower species produce toxic chemicals to protect themselves from
herbivores, but gulf fritillary caterpillars have evolved to withstand the toxins and incorporate
them into their bodies so that the caterpillars are toxic to their own predators such as birds.
Because gulf fritillaries and passionflowers have influenced each other’s evolutionary path, they
are an example of coevolution.
To create my work, I directly observed caterpillars, chrysalises, and adult butterflies. I
used a variety of media to depict salient aspects of gulf fritillary anatomy and to follow the
species through its life stages in connection with its passionflower hosts. I focused on accurately
recreating what I observed, as well as breaking down the organisms into their component colors,
lines, shapes, and values. In my work I emphasized natural textures, which vary greatly as the
caterpillars undergo their morphological changes. As a result of this project, I improved my
observation and life drawing skills and learned how the process of creating art can be used as a
method of investigation and learning about scientific topics, as much now as throughout history.
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Thesis Statement
Art and society are connected by various dependent relationships that affect all aspects of
our lives, whether or not we are aware of them. Although art and science are often
conceptualized as deeply separate disciplines, one role of art in society is as an important method
of discovery and learning in science.

Objective
For my thesis, I reenacted the process of a naturalist – artist, choosing for my subjects the
butterfly species Agraulis vanillae and its larval food plant Passiflora incarnata. I observed and
drew specimens and then created art based on my observations. I supplemented my drawings
with record keeping through photography and research about the species. To contextualize my
work, I also conducted research on the historical and cultural importance of drawing and
aesthetics as methods of investigation.

Argument
The goal of this thesis is to demonstrate, by studying the biology of closely linked
species, that art, particularly drawing, is a valuable tool for scientific exploration and learning. I
chose this topic because it is both meaningful to me personally and relevant to society at large.
Since my first experiences with drawing in early childhood, the shapes and colors of nature have
motivated me to record and create. I chose the focal species for this project because they are
visually striking and are native to South Carolina, my home state. Beyond my personal interest,
an understanding of the value of the visual arts in connection to the sciences is important because
it demonstrates just one of the ways in which art is integral to a culturally rich society.
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Background
Artists depend on society to support their art, through monetary and other means, and for
innovations that lead to new art materials and new sources of inspiration. Society depends on
artists for myriad contributions including not only artwork as self-expression, social
commentary, or objects of beauty but also in the form of architecture, interior design, clothing
and textiles, movies, games, vehicles, and much else that often falls under the label of “design.”
The distinction between art and design is that “A designer works with a specific purpose in mind,
a need to be filled, either useful (as in cooking equipment or tools) or aesthetic, to be appreciated
visually, as with a designed floor or wall panel,” whereas an artist’s work does not necessarily
have fit a specific purpose outside of the artist’s own vision (Bevlin 8). However, both artists
and designers use the same elements and principles of design to accomplish deliberate creative
goals.
Throughout history to the present day, art has served as an avenue for learning and
exploration, particularly of the natural world. One way this occurs is through close observation
of subjects and specimens, a practice valuable to both artists and scientists. Leonardo da Vinci,
the quintessential polymath genius, captor of popular and scholarly imaginations alike, was a
master of elucidating the relationship between form and function in a wide variety of subjects
Leonardo was born on April 15th 1452, in a small village called Vinci, near Florence, Italy
(Pooler 9). Many of the techniques used today in anatomical and mechanical illustrations were
first recorded in Leonardo’s notebooks (Kemp 97). John Abbot was an artist and naturalist born
in 1751 who is known for his skillful paintings of birds, insects, plants and other species native
to the state of Georgia (Rogers-Price 17 – 24). Abbot’s work allowed information about species
from North America to be shared with naturalists in Europe during a time when long-distance
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travel was challenging and impractical (Rogers-Price 36). Contemporary artists continue in the
tradition of investigating the world around them through artistic practice.
I used drawing as a tool to study two species, the bright orange butterfly Agraulis
vanillae (gulf fritillary) and its larval food plant Passiflora incarnata1 (maypop or purple
passionflower), that exist in a fascinating ecological relationship. P. incarnata is an herbaceous
vine that can grow to six feet long. Its flowers have jutting reproductive structures surrounded
by purple tendrils and petals. Larval food plants, or host plants, are those on which female
butterflies lay their eggs and which the caterpillars will use as food upon hatching (Cech and
Tudor 2). Correct selection of host plants by females is vital for the survival of her offspring, as
caterpillars are not likely to be able to locate the proper food plant if they are not on or near it.
An important question, then, is how female butterflies evolved the ability to recognize the
appropriate host plants. Unfortunately, little is known about the origins of this survival strategy
(Cech and Tudor 2 – 3). Gulf fritillaries have a parasitic relationship with the passionflower vine
because their voracious consumption of the leaves benefits the caterpillar but negatively affects
the plant. This relationship has led to coevolution, a process in which one species influences the
evolution of another species. Through drawing and observation, I tracked the lifecycle of the
gulf fritillary butterfly as it occurs around the passionflower vine.

1

A. vanillae caterpillars also use other native species of passionflower as host plants, as well as
cultivated varieties (Cech and Tudor 156; Daniels 2012). Due to the limited blooming season of
Passiflora incarnata, I was unable to obtain a blooming one for direct observation. Therefore,
some of my work depict an unknown variety of hybrid that is frequented by butterflies.
7

Body
Artists are an integral part of the social, cultural, political, and physical environments in
which we exist, affecting and being affected by them in turn. Everything we wear, use, and live
in was designed by someone. Artists and designers rely on universal biases of the human
perceptual system to communicate effectively. For example, in nature we tend to see lines that
are not actually there but are “… actually cylindrical twigs, veins in leaves, cracks in rocks, or
the horizon where earth and sky appear to meet but never do. Often what appears as a sharp line
is actually the joining of two surfaces” (Bevlin 47). Thus, artists can use blotches of color to
create implied line, and disconnected lines to create implied space. As another example,
cartoonists and animators have figured out that baby-like features and proportions, along with
shy expressions, tend to make characters cute and likable to audiences (Warnes). These artists’
influence is clearly seen in the wide popularity and success of Disney movies. Such techniques
make up the “language” of visual communication that makes designs successful and
understandable to viewers, who might then choose to buy, use, or otherwise incorporate such
designs into their lives.
One way artists influence their environments is through the designs that shape human
interactions with nature. When parks, public gardens, hiking trails, zoos, and aquariums are
well-designed, people are inspired to spend time there. Designers are also in charge of creating
products that are environmentally friendly (e.g. energy efficient or made with recycled
materials). To be competitive, these designs must function as well as or better than existing
products and be sufficiently aesthetically pleasing. For example, in the Bay South garden in
Singapore, artificial trees up to 50 meters tall generate solar power, collect rain water, provide
shade, and serve as structures for growing ferns and vines. Their spreading canopies of forked
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branches are much more appealing than the flat rectangular shapes of traditional solar panels
(Said-Moorhouse). Through projects like these, designers have a hand in shaping both our
aesthetic, appreciative experiences with nature as well as how our daily activities impact the
natural environment.
Just as all organisms are subject to pressure from their environment, artists and their art
are influenced by the time, place, and culture in which they exist. For example, while one
artist’s work might be admired, respected, and financially rewarded, another’s could be ridiculed,
inspiring the artist to persist and achieve fame via notoriety, or simply ignored, causing the artist
to pursue other activities. Every artist’s work is also subject to personal factors such as the
demands of family, health, and life events. Leonardo da Vinci himself was no stranger to
limitations, writing, “I have offended God and mankind because my work didn’t reach the
quality it should have” (Atalay and Wamsley 227). Limiting factors can also result from the
knowledge available at a given time in history. For example, in one of Leonardo’s anatomy
drawings, he illustrated an erroneous theory that the human uterus had “horns” (Ackerman 217 –
219). However, art can be positively influenced by new inventions and discoveries. The roles
that art and design play in our lives are increasing and diversifying constantly, as technology
spurs the development of new ways to produce and consume visual content.
Artistic processes and an appreciation for the aesthetic value of nature can be used to
teach one’s self about, share information about, and even make new discoveries about scientific
topics. In pre-photographic times, accurate and detailed drawings were a very important way to
transmit concisely information about a subject that would be difficult to convey in words. For
example, John Abbot extensively studied and painted Georgia birds, insects, plants, and other
species. Abbot recorded detailed notes about the species he studied and carefully preserved
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specimens for himself and for collectors (Rogers-Price 17 – 24). Abbot communicated with a
number of notable natural historians of his day, exchanging illustrations and specimens and
allowing authors in Europe to include information in their publications about species in North
America without having visited the continent (Rogers-Price 25 - 37). Over the course of his life,
Abbot’s work became “more decorative and elaborate than his initial London work” (RogersPrice 24). He developed compositions that looked more natural, such as a butterfly resting on a
plant with closed wings rather than the flat, open wings that were standard at the time (RogersPrice 18, 24-25). Throughout his life, Abbot eagerly accepted opportunities to learn new artistic
and scientific techniques.
Both historically and today, drawings can communicate much more than a simple
snapshot, as in the case of Leonardo da Vinci’s remarkable anatomy drawings. Observation
from life was a key practice for Leonardo in his many areas of study. Before and during
Leonardo’s time, study of the subjects which we would now classify as “science” was based
much more on the study of ancient texts than on experimentation. Leonardo did study existing
works on the subjects he was interested in, but most often branched out into investigations of his
own (Ackerman 207 - 208).
Leonardo’s innovative approaches are demonstrated in his anatomical drawings.
Leonardo was clearly interested in the processes at work in the human body in addition to its
appearance. His drawings show that “Leonardo was pursuing what we might call,
anachronistically, physiological anatomy; that is to say, he was consciously portraying organs
and bodily systems in such a way that their forms spoke of their functions” (Kemp 51 – 52). For
example, a large drawing of a female torso shows sectioned organs, full and partial transparency
in different areas, and relief shading enhanced with a wash applied to the page (Ackerman 217 –
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219). Rather than depict a dissection exactly as it looked during the process, “He was aware that
a literal rendering of a particular dissection would convey little coherent information to the
viewer, even with elucidating notes. His final concern was always to create a ‘demonstration’,
forging a synthesis of form and function in an act of remaking” (Kemp 134). For Leonardo,
sketching and drawing were vital to his efforts to learn about human anatomy.
Artists today still combine art and science in fascinating ways. Klaus Kemp is the only
person currently practicing the art of arranging microscopic organisms called diatoms in intricate
patterns. These arrangements were popular during the late 1800s, and they “are a stunning
example of that particularly Victorian desire to bring order to the world, to display nature in a
rational way.” Diatoms are single-celled algae that produce glass shells in a great variety of
beautiful shapes. They are so small that an arrangement containing one hundred diatoms would
fit inside a period in an average-size font. Since the original Victorian artists did not leave
accurate records of their techniques, Kemp spent years researching and experimenting to develop
a type of glue that would work to mount his infinitesimal creations. He finds specimens by
exploring any body of water, from ditches to the sea, and by communicating with collectors from
other countries. Because of his labors, he discovered several new species and co-authored four
papers published in Diatom Research, the journal of the International Society for Diatom
Research (Gambino). Kemp’s expertise, born out of a passionate desire to create his own diatom
art after seeing historical works, demonstrate how aesthetic pursuits can lead to the acquisition of
scientific knowledge.
I used the artistic process as a method for investigating the unique characteristics of A.
vanillae and its host plant P. incarnata and the parasitic relationship between these species. For
example, gulf fritillaries walk using only the four rear legs. The two foremost legs “are
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atrophied and nonfunctional, covered with brush-like “fur” and dedicated to sensory functions”
(Cech and Tudor 150). While creating the drawings of a butterfly from each lateral side, one
with a wing removed to show the body, I observed the fine body hairs and unusual leg anatomy
(Figure 1).
As inspiration for my work, I observed some of John Abbot’s original watercolors of
butterflies and moths that are housed in the University of South Carolina’s Irvine Department of
Rare Books and Special Collections (“About the Collection”). The collection includes an
illustration of Agraulis vanillae, which made the lifelike quality of Abbot’s work all the more
evident to me (Figure 2). While studying it, I noticed incredibly fine detail in the outlines of the
body, the antennae, the head, and the black lines on the wings. Rich colors blend into each other,
with hints of deep purple at the junctions between black and orange. Traces of white pigment
over the colors give the butterfly’s body dimension and show the white marks along the
hindwing. The marks on the underside of the wings were depicted with shimmery material,
multicolored like an oil slick. I could see where Abbot had drawn two front legs on the fritillary
but erased them, hinting at his discovery process.
After hatching, caterpillars grow as rapidly as their food source allows, their body mass
increasing a few thousand times. This growth requires that they periodically shed their
exoskeletons (Cech and Tudor 32). I observed shed exoskeletons as clusters of dark spiky
material left behind the caterpillars as they traversed the P. incarnata vines. As the caterpillar
matures, adult structures begin to form internally, including “wings, proboscis, antennae, adult
compound eyes, reproductive organs, and legs” (Cech and Tudor 34). Then the caterpillar
creates a silk “mat” with which to attach itself to a surface where it will shed its last larval
exoskeleton and form the chrysalis. In one piece, I used values rendered in graphite or ink
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stippling to capture the variable surface of the chrysalises, and then expanded upon and
exaggerated some of the textures and shapes I observed (Figure 3). For other work, I watched
the movement of the caterpillars inching over vines and leaves, cutting the leaves into jigsaw
shapes that I rendered as they chewed away scrap by scrap (Figure 4 – 5).
The parasitic interaction between Passiflora species and butterfly species is damaging
and potentially fatal to the plant, because the caterpillars can rapidly and thoroughly consume all
parts of the plant. Loss of so much foliage negatively impacts the plants’ ability to
photosynthesize, thus slowing growth, especially in juvenile plants (Gilbert 110 - 112, Daniels
2012). Passionflower species have evolved various methods of protecting against herbivores,
including the production of toxic substances like cyanogenic glycosides. However, herbivorous
insects have evolved to benefit from this “chemical warfare.” Gulf fritillary caterpillars not only
tolerate the toxins produced by passionflowers but incorporate them into their bodies, making the
caterpillars, though not the adult forms, poisonous to hungry birds (Cech and Tudor 153, 156).
These strategies are hypothesized to develop through the mechanism of coevolution,
whereby one species influences the evolution of another species, which exerts an influence back.
Coevolution is more likely to occur between organisms that are closely linked ecologically, such
as predators and prey, parasites and hosts, species in competition with each other, and species
with mutualistic relationships (Cech and Tudor 153, “Coevolution”). P. incarnata are mainly
pollinated by bees, so they receive little if any benefit from their butterfly parasites (Porcher and
Rayner 388). However, the success of gulf fritillaries as a species is inextricable from that of
their passionflower hosts.
When it is time to emerge from its chrysalis, a new butterfly expands its muscles to split
the chrysalis, after which its blood pressure increases to fill the crumpled wings with fluid. The
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butterfly is vulnerable to predators during this crucial period, as it does not move for several
hours while the wings harden (Cech and Tudor 34 - 35). The average life expectancy for an
adult butterfly, considering all mortality factors such as predators and disease, is only slightly
over one week (Cech and Tudor 44). In the colored pencil illustration depicting a newly
emerged butterfly, I focused on the colors and values of the partially translucent, empty chrysalis
(Figure 6). Here you can also see the soft whitish material attaching the chrysalis to the P.
incarnata vine that served as nourishment for the caterpillar, an anchor point for the chrysalis,
and the first resting place for the adult butterfly.

Conclusion
By reenacting the process of a historical naturalist and artist, I learned that drawing and
other artistic techniques are an effective method to explore and teach oneself about scientific
subjects. As a result of this project, I improved my skills in observation and life drawing. I used
the elements and principles of design to recreate on paper the natural structures I observed, as
well as to break down the organisms into isolated shapes, lines, colors, and values. My visual
research demonstrates the dramatic morphological changes that occur over the lifecycle of
Agraulis vanillae, from caterpillar, to chrysalis, to butterfly, all the while nourished by their
parasitic relationship with Passiflora incarnata and other host plants. My work will be displayed
in an exhibit in the Passage Gallery at McMaster College.

14

References
“About the Collection” The John Abbot Watercolors at the University of South Carolina. N.p.,
n.d. Web. 7 Mar. 2017.
Ackerman, James S. “Leonardo Da Vinci: Art in Science.” Daedalus 127.1 (1998): 20724. JSTOR. Web. 10 Mar. 2017.
Atalay, Bülent, and Keith Wamsley. Leonardo's Universe: The Renaissance World of Leonardo
da Vinci. N.p.: National Geographic, 2008. Print.
Bevlin, Marjorie Elliott. Design through discovery: an introduction to art and design. 6th ed.
Belmont, CA: Wadsworth Group/Thomson Learning, 1994. Print.
Cech, Rick, and Guy Tudor. Butterflies of the East Coast: An Observer's Guide. Princeton, NJ:
Princeton U Press, 2005. Print.
“Coevolution.” Misconceptions About Evolution. University of California Museum of
Paleontology, n.d. Web. 10 Mar. 2017.
Daniels, Jaret C. “Gulf Fritillary Butterfly.” University of Florida Institute of Food and
Agricultural Sciences, Dec. 2012,
http://entnemdept.ufl.edu/creatures/bfly/gulf_fritillary.htm. Web. 8 March 2017.
Gambino, Megan. “Secretive Victorian Artists Made These Intricate Patterns Out of
Algae.” Smithsonian.com. Smithsonian Institution, 18 Sept. 2014. Web. 25 Mar. 2017.
Gilbert, Lawrence E. “The Coevolution of a Butterfly and a Vine.” Scientific American 247.2
(1982): 110-21. Web. 10 Mar. 2017.
Kemp, Martin. Leonardo Da Vinci: Experience, Experiment and Design. Princeton: Princeton U
Press, 2006. Print.

15

Pooler, Richard Shaw. Vernon Series on the History of Art : Leonardo Da Vinci's Treatise of
Painting : The Story of The World's Greatest Treatise on Painting - Its Origins, History,
Content, And Influence. Wilmington: Vernon Press, 2014. Print.
Porcher, Richard D., and Douglas A. Rayner. A Guide to the Wildflowers of South Carolina.
Columbia, SC: U of South Carolina Press, 2001. Print.
Rogers-Price, Vivian. John Abbot in Georgia: The Vision of a Naturalist Artist. Madison:
Madison-Morgan Cultural Center, 1983. Print.
Said-Moorhouse, Lauren. “Solar-powered 'supertrees' at Singapore's Gardens by the Bay.” CNN.
Cable News Network, 10 June 2015. Web. 25 Mar. 2017.
Warnes, Sophie. “How does Disney make its characters so damn cute? It's because of
this...” Mirror. N.p., 26 Nov. 2014. Web. 25 Mar. 2017.

16

Figures

Figure 1. Wing anatomy and texture, mixed media, 11 x 14 in.
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Figure 2. Illustration of Agraulis vanillae by John Abbot
From the digital archive “John Abbot Watercolors of Lepidoptera of the South East” at the
University of South Carolina’s Irvine Department of Rare Books and Special Collections
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Figure 3. Chrysalis texture, mixed media, 11 x 14 in.
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Figure 4. Sketches 1, mixed media and Photoshop CC, 11 x 14 in.
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Figure 5. Sketches 2, mixed media and Photoshop CC, 11 x 14 in.
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Figure 6. Emerged A. vanillae, colored pencil, 11 x 14 in.
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