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On a beautiful fall day, Rob Baldwin snapped this 
photograph of a caribou at Parc de la Gaspésie in Quebec. 
Baldwin traveled the length of the North American 
Appalachians in order to experience conservation research 
firsthand. He glimpsed parallels between caribou near 
the tree line in the Chic-Chocs and elk reintroduced to 
the Smokies—both large mammals attempting to thrive 
in areas that have multiple uses, from timber harvest to 
recreation. By defining the interconnected regions that 
need to be protected for current and future biodiversity, 
Baldwin’s work can help local groups take action to 
prepare for the future. Page 47. Photo courtesy of Rob Baldwin.
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IN THE INAUGURAL ISSUE OF GLIMPSE, then-Clemson 
President James Barker stated, “Glimpse embodies Clemson’s belief 
that research is, first and foremost, a way of learning, for students 
and faculty members alike. Knowledge today expands so rapidly that 
the only way to stay current is to work at the frontier, conducting 
research, pushing the limits of what we know.”

Now, a few years in, you’ll find we’re still pushing limits and 
telling the stories of researchers who break past boundaries and 
transform our understanding of the world around us. Conservators, 
continuing their work on the H.L. Hunley’s hull, work on uncover-
ing a pivotal moment in history that could alter how we think of our 
past (page 18). You can see transformation, right before your eyes, 
in the new models being developed by students and faculty as they 
process unprecedented amounts of data using GPUs (page 28). With 
these data visualizations, scientists like Andy Mount and students 
Caroline Zhang and Paris Smith can examine a tiny barnacle’s 
formation or a massive burst of energy from Jupiter. Qiushi Chen’s 
new maps of soil data may expose earthquake hazard zones and save 
lives by revealing what’s underfoot. From the leaves on a tree to the 
vastness of forests, Bo Song intends to apply these techniques so that 
we can gain new insight into ecology. Alex Feltus uses these tech-
nologies to explore other complex interrelationships, those between 
genomes. These novel ways of approaching data force us to break 
new paths in the scientific wilderness—and they teach us about the 
world around us.

Whether it’s reading about Sara Riggs designing interfaces that 
transform human weaknesses into strengths (page 56) or Michael 
Porter learning about delicate seahorses to build stronger robotics  
(page 60), the transformative nature of knowledge is the basis of 
every story in this issue. When faculty and students push through 
the frontier into the uncharted territories beyond, they change how 
we understand not only what is but also what could be.

A sense of wonder and excitement about what will be also 
applies to the business of research. In December, after three years 
as interim vice president for research, I announced my intention to 
step aside and help transition a successor until my retirement this 
summer. On February 1st, Tanju Karanfil, a long-time Clemson 
faculty leader and a renowned environmental engineer, became vice 
president for research. I have always considered my role as one in 
service to my colleagues, to the university, and to our communities 
of South Carolina and academic research — and I know Tanju shares 
this perspective. I have confidence that Tanju will push the univer-
sity to exceed its research goals, breaking past boundaries, while 
continuing on Clemson’s journey by building Clemson into a major 
research university.

LARRY DOOLEY

IT IS INDEED AN HONOR to serve Clemson as the vice presi-
dent for research. Since coming to Clemson in 1996, the university 
has provided opportunities for me and my research that would not 
have been possible elsewhere. This is thanks in large part to my 
colleagues. 

A special thanks is due to Larry Dooley for his stewardship the 
past three years. Under his leadership, Clemson achieved “highest 
research activity” Carnegie Classification status, research expendi-
tures have grown, we have solid relationships with research partners, 
our supporting services are strong and getting stronger, the number 
of graduate students has increased and the number of postdoctoral 
fellows has almost doubled. Moreover, Larry has been a trusted col-
league and focused on doing what’s best for Clemson. 

Research is one of four focus areas of ClemsonForward, the stra-
tegic plan for Clemson’s next fifty years. Provost Bob Jones has said 
Clemson is a great university; we also want to be known as a great 
research university. In the future, you’ll learn much more about our 
areas of research emphasis: advanced materials, cyber-infrastructure, 
big-data science, energy, transportation, advanced manufacturing, 
health innovation, human resilience, sustainable environment, archi-
tecture, education, humanities and the arts.

This issue marks another transition. Neil Caudle was highly 
experienced in the world of university magazines when we recruited 
him to launch Glimpse in 2012. Under his parental-like guidance 
and devotion, the magazine has expanded Clemson’s reach with 
intelligent, engaging storytelling, winning awards and the admira-
tion and loyalty of its readers. Last October, Neil surprised us with 
his intention to retire, and surprised us even more when he actually 
did retire in December. Thank you, Neil, from all of us at Clemson, 
for helping share our research stories with the world. We promise to 
keep telling those stories. 

TANJU KARANFIL
VICE PRESIDENT FOR RESEARCH

the story goes on 
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A project first conceived in the spring of 2014 reached 
fruition in the fall of 2015 when a splendorous field of 
sugarcane was chopped to the ground and carefully 

prepared for its next stage of life.

The effort to reintroduce Purple Ribbon sugarcane and 
several similar varieties to Sapelo Island—the original  
birthplace of commercial sugar production in the United 
States — was first told in the Fall 2015 issue of Glimpse.

Starting in late 2014, 84 tiny plants representing thirteen 
varieties of heirloom cane were raised and tended over 
several months in a greenhouse on the Clemson campus. 
On April 14, 2015, these plants, then about eight inches 
tall, were moved to a new home in the sandy soils of an 
organic farm in Townsend, Georgia. On October 31, 2015, 
the cane, now ten feet tall, was chopped down and distrib-
uted between the mainland farm, where it was immediately 
replanted, and Sapelo, where residents chose to bank it over 
the winter and replant it on the island in the spring.

the 
cane 

is back!
Clemson helps reintroduce 
Purple Ribbon sugarcane 

to Sapelo Island, the 
birthplace of commercial 

sugar production in the U.S.

story and photos by Jim Melvin



“The ancestral cane is back where it originated in the United States more than 
two hundred years ago,” says David Shields, chairman of the Carolina Gold Rice 
Foundation and an expert on Southern cuisine. “It has been buried between lay-
ers of leaves and straw to wait out the winter. In the spring, it will be uncovered 
and replanted on the island that made it famous.”

The project combined rigorous genetics, painstaking varietal research and 
Sapelo islanders’ centuries-old know-how. A diverse team of scientists, historians 
and Sapelo locals worked tirelessly for more than sixteen months. In addition to 
Shields, key members included Clemson University geneticist Stephen Kresovich, 
his assistants Matt Myers and Kelsey Zielinski, organic farmers Jerome Dixon and 
William Thomas, and islander Cornelia Walker Bailey.

“Ultimately, the goal is to establish a productive sugarcane industry on Sapelo 
for the benefit of its people. Not a big industry, but an industry that’s based 
on quality,” says Kresovich, Coker Chair of Genetics and director of Clemson’s 
Institute of Translational Genomics. “And the intent is to produce an exceptional 
product that can be used to make alcohol, sugars and syrups. Upscale restau-
rants in Charleston, Savannah, and Atlanta are showing interest, so the market is 
already there.” 

THE PROJECT WAS 
FIRST CONCEIVED 
IN THE SPRING OF 
2014, WHEN THE 
SAPELO ISLAND 
CULTURAL AND 
REVITALIZATION 
SOCIETY INVITED 
SHIELDS AND 
SEVERAL COHORTS 
TO THE ISLAND 
TO DISCUSS WAYS 
FOR ITS PEOPLE 
TO GENERATE 
ADDITIONAL 
INCOME.
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The project was first conceived in the 
spring of 2014, when the Sapelo Island 
Cultural and Revitalization Society in-
vited Shields and several cohorts to the 
island to discuss ways for its people to 
generate additional income to offset a 
sudden rise in property taxes that puts 
an undue financial strain on many of 
Sapelo’s residents.

After the meeting, Shields began a 
search to find the original Purple Rib-
bon cane, and he turned to Kresovich 
for help. During the summer of 2014, 
Shields, Kresovich, and Charley  
Richard, a noted cane expert from 
Louisiana, were joined by Clemson’s 
Bradley Rauh and Hannah Mosby to 
sift through all the varieties of sugar-
cane they could find in public and 
private collections.

Following the acquisition of the     
sugarcanes, Kresovich used molecu-
lar and agronomic forensic testing to 
validate the genetic characteristics 
of Purple Ribbon and other closely 
related canes. Once the varieties were 
chosen, they were tended in the green-
house and prepared for the next stages 
of their journey: first to be planted 
and grown to maturity at Georgia 

Steven Kresovich is the Coker Chair of 
Genetics and director of Clemson’s Institute 
of Translational Genomics. Jim Melvin is 
a writer for Clemson’s Public Service and 
Agriculture.

Coastal Gourmet Farms, and then to 
be chopped down and transported to 
Sapelo Island.

Dixon, the farmer who oversaw the 
sugarcane from April through October, 
felt both elated and wistful.

“It’s almost like the cane had 
become a member of my family. I’ve 
watched these babies from the time we 
put them in the ground,” Dixon says. 
“And the growing process couldn’t 
have gone more smoothly. About all I 
had to do was keep them watered and 
fertilized. I didn’t have any aphids or 
other insect problems. And the end 
result has been impressive. The quality 
is just phenomenal. I’ve never seen 
cane this sweet before.” 

Nestled off the coast of Georgia amid 
a string of barrier islands, Sapelo is 
largely pristine and undeveloped. More 
than 16,000 of its acres are owned 
and managed by the state of Georgia. 
But a private community named Hog 
Hammock still survives. Many of the 
inhabitants of this ​434-acre tract,  
which represents about 3 percent 
of the island’s total size, are direct 
descendants of West Africans torn 
from their homeland three centuries 

ago and forced into slavery in 
America.

As Hog Hammock’s older 
residents have passed away 
and the younger ones have 
fled to the mainland in search 
of jobs, the final relatives 
of those long-ago slaves 
have dwindled. Around fifty 
now inhabit the island on a 
permanent basis. But though 
their numbers are decreas-
ing, their heritage still lingers. 
The Geechee of Sapelo have 
retained ethnic traditions that 

existed in their ancestors’ country of 
origin from as far back as the mid-
1700s. To allow this culture to vanish 
would be tragic not only for Sapelo but 
for anyone interested in the preserva-
tion of our nation’s tumultuous history.

CORNELIA WALKER BAILEY: 
“TWO HUNDRED 
YEARS AGO, 
WE PLANTED 
SUGARCANE 
HERE OUT OF 
NECESSITY. WE 
WEREN’T GIVEN 
A CHOICE. NOW 
WE’RE GOING 
TO PLANT IT 
BECAUSE WE 
HAVE A CHOICE.”

It is hoped that the income eventually 
generated by the sugarcane, which will 
be harvested for the first time in the early 
fall of 2016, will play a role in helping the 
islanders remain in their ancestral home.

“Two hundred years ago, we planted 
sugarcane here out of necessity. We 
weren’t given a choice,” says Bailey, 
the island’s charismatic matriarch who 
was born on Sapelo seven decades ago. 
“Now we’re going to plant it because we 
have a choice. And by putting in some 
sweat and effort, the dividends will come 
back to our community. That’s what this 
is all about. As for what happens next, 
only time will tell.”

Kresovich (right) and his team 
work hands-on in the field.
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getting 
seen to 
get safe

by Rick Uhlmann

PSYCHOLOGISTS ARE EMPLOYING  
TECHNOLOGY USED IN HOLLYWOOD FILMMAKING 

TO MAKE PEDESTRIANS AND BICYCLISTS  
MORE CONSPICUOUS TO DRIVERS.

Photo of (left to right) Drea Fekety, Rob Hanson, and Rick Tyrrell by Craig Mahaffey. 



“Human factors psychologists use science to solve 
real-world problems that develop between people 
and technology,” Rick Tyrrell says. “In the case of 

our research, getting the science into the public domain can 
change — and save — lives.” 

At stake in Clemson’s research are the lives of 200,000 world-
wide — the number of pedestrian fatalities that occur at night. 

Tyrrell, along with Ph.D. student Drea Fekety, is using electro-
luminescent technology that does not require headlight illumina-
tion to create better visibility of pedestrians and cyclists. The 
technology was used to make the costumes in the 2010 Disney 
movie Tron Legacy.

Clemson’s nighttime vision research has caught the attention 
of two of the largest athletic clothing and bicycle manufacturers 
in the world. Through research grants, the industry giants are 
tapping Clemson’s safety research to reduce risks to pedestrians 
and bicyclists.

“At night, an overwhelming majority of drivers in our research 
think they can see pedestrians from a safe distance, and most 
pedestrians think they’re conspicuous to drivers. However, our 
ten years of research makes clear neither the driver nor the 
pedestrian is accurate in their perceptions,” Tyrrell says.

Clemson’s research on making pedestrians more conspicuous 
to drivers at night has also been recognized by the international 
community, particularly in the use of “biological motion wear.” 
Biological motion wear utilizes reflectors on the body’s moving 
parts, such as elbows, wrists, knees and ankles.  

New Zealand and Australia have endorsed the use of  
biological motion wear for the country’s construction work-
ers, firefighters, police officers and EMTs, in part as a result of  
Clemson research, Tyrrell says. He is hoping the safety gear will 
also be more widely endorsed in the U.S. 

“Road workers wearing reflective vests have been somewhat 
successful, but it isn’t enough,” Tyrrell says. “Putting  
retro-reflectors on the body’s moving parts makes a pedestrian 
far more conspicuous to drivers than a seemingly motionless 
reflective device on one’s torso.”

Tyrrell and researcher Fekety are quick to point out that a 
reflective device isn’t effective if it isn’t being illuminated by a 
vehicle’s headlights. For example, a roadside pedestrian  

donning biological motion wear and not in a headlight’s aim may 
not be noticeable to a driver unless he or she steps into the path 
of the vehicle.

Enter Fekety and the newest phase of Clemson research, 
which could help keep cyclists and runners safer on the road. 
Fekety has repurposed the electro-luminescent technology in an 
effort to develop garments that don’t require direct illumination 
to be seen. The technology employs flexible panels that glow 
with a battery-powered current. 

“We’ve applied eight-inch-by-one-inch electro-luminescent 
and reflective strips to a black track garment. Each of the 
luminescent strips runs off two AA batteries,” Fekety says. “We 
developed a second garment that utilizes only the traditional 
reflective material. For both garments, we strategically placed 
the reflective and luminescent materials on movable body  
parts — ankles, knees, and wrists.”

Fekety says drivers were better at seeing the garment that 
combines luminescent and reflective materials. “This combina-
tion garment was significantly more effective at conveying the 
pedestrian’s movement when he was outside the oncoming 
car’s headlight beams.”

Though the luminescent materials proved more visible 
outside a headlight’s beam, Fekety says work remains before 
the technology finds its way to the public. “Making it less bulky 
and more usable is one thing that needs to be addressed. That 
part of the equation is handled in development by our industry 
partners.”

As Clemson researchers strive to create a safer world for pe-
destrians and bicyclists, one thing will remain constant: Human 
behavior will be at the root of finding a solution.

“Our job is to explore how to best merge developing technol-
ogy with perceptual capabilities of drivers,” Tyrrell says. “If we’ve 
done that job well, then apparel and lighting technologies will 
be developed to create a safer world for pedestrians and other 
vulnerable road users.”

zoom in

Rick Tyrrell is a professor of psychology, and Drea Fekety is a Ph.D. 
student in psychology in the College of Business and Behavioral 
Science.

Andreas Fink, Wikimedia Commons



In a locked room at a museum, the 99-million-year-old beetle 
rests peacefully, its tiny two-millimeter-long body encased in 
pale golden amber. The only sign of its death struggles may 

be the bubbles warping fossilized tree sap. No one can yet put a 
name on this new J. Doe, its sex undetermined.

A special consultant in the international entomology community 
enters the scene, a man who regularly undertakes “intensive 
field surveys to discover more cryptic and elusive species” and 
whose attention to detail, which could shame Sherlock Holmes, 
has led him to identify over 400 new beetle species.

a clue in 
amber

Michael Caterino, an expert with twenty years of experience, 
serves as the Morse Chair of Entomology and directs the Clem-
son University Arthropod Collection. 

As beetles are among the most successful and diverse group of 
animals on the planet, researchers like Caterino tend to special-
ize. Caterino focuses his research on one family of beetle, Histe-
ridae, which has over 4,000 species, and he’s been known to 
get his hands dirty when chasing his specimens down. His blog, 
Southeastern Beetles, gives testimony not only to his discoveries 
but also to his fieldwork, his pursuit of suspected new species. 

But to investigate the special case of the ninety-nine-million-
year-old beetle, Caterino had to do some real detective work and 
break out the magnifying glass — or, to be more accurate, the 
zoom. 

“In most cases, I wouldn’t consider photography adequate 
for my research,” Caterino says. But in this case, working with 
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story by Jemma Everyhope-Roser
images courtesy of Michael Caterino

TO PROTECT THE SMALL 
AMBER PIECE WITH THE 
TINY FOSSIL BEETLE, 
RESEARCH PARTNERS 
AT STUTTGART 
STATE MUSEUM OF 
NATURAL HISTORY IN 
GERMANY EMBEDDED 
IT IN A POLYESTER 
RESIN, WHICH WAS 
THEN GROUND AND 
POLISHED WITH WET 
SILICON CARBIDE 
ABRASIVE PAPERS, 
BEFORE THESE 
MICROPHOTOGRAPHS 
WERE TAKEN.



research partners Karin Wolf-Schwenninger and Günter Bechly 
of the Stuttgart State Museum of Natural History in Germany, he 
directed the photographs of the specimen, ensuring the capture 
of every necessary angle, so he’d have accurate evidence on 
which to base his conclusions.

Using these research-quality images, Caterino examined the 
insect from its head to its toes, or, as Caterino would say, from 
its “frontal disk” to its “protarsal claws.” 

The mystery he hoped to solve?

Not its cause of death. That was transparent. The beetle had 
fallen victim to its preserver, the tree resin that captured it, 
encoated it and fossilized into amber. 

No, Caterino sought to uncover a greater mystery. How has 
Histeridae become the successful group it is today? Why and 
how has it come to be so diverse? What is its story?

“I try to put together evolutionary trees and see how they have 
evolved over time,” Caterino explains. “That’s why the discovery 
of this fossil was so exciting to me. It provides tangible evidence 
to back up some previous inferences, but it also reveals some 
surprises.”

Phylogeography, the study of genetic variation within spe-
cies, fascinates Caterino because it can reveal the evolution-
ary processes, like the response of species to geological and 
climatic events, that drive diversification and speciation. But 
even though huge advances recently in DNA technologies and 
visualizations provide unprecedented levels of data, for this 
particular specimen Caterino had to rely on good, old-fashioned 
observation.

“Unfortunately, ancient ecology is not so easily observed, even 
in excellent fossils,” Caterino says. Even so, this beetle has 
something to offer: “In determining evolutionary relationships by 
looking only at modern species, scientists are essentially guess-
ing what the ancestors must have looked like. But in this case, 
we are able to see the ancestor.”

That’s why this specimen, so perfectly preserved in amber, 
may be critical to understanding the beetle family’s early history.

“We can see all the details of the external sculpturing of the 
wing covers and the head,” Caterino explains. “We can see the 
mouth parts, which enable us to predict that this was a predator 
much like its modern relatives.” 

Historically, the understanding of the beetle’s family origins 
has been obscure, at least partly due to a sparse and poorly 
documented fossil record. Only one other well-described Me-
sozoic specimen from the same period, the Middle Cretaceous, 
survives. That specimen is completely different from this one. 

“This is a new fossil genus species that we’ve called Cre-
tonthophilus tuberculatus,” Caterino says. “Cretonthophilus 
indicates that it’s a Cretaceous relative of the modern-day genus 
Onthophilus, while tuberculatus refers to the large bumps on 
the sides of its thorax.”

But what’s especially interesting about the discovery of two very 
different specimens is that it suggests that the Histeridae beetle 
family may’ve originated a lot earlier than previously thought: It 
would’ve needed time to diversify so radically. So finding a sec-
ond beetle, so different from the first, changes everything.

Summing up the evidence that this clue encased in amber 
hints at, Caterino says, “It has a lot of tantalizing characteristics 
that we hypothesized early members of this family had. But we 
no longer have to guess. Now we can confirm.”

 southeasternbeetles.blogspot.com

THE CLEMSON UNIVERSITY ARTHROPOD            
COLLECTION (CUAC), led by Caterino, consists of  
1.3 million specimens. Over one million of those        
are wet, preserved in alcohol, and about 200,000 are 
dry and pinned. 

Ever wondered what an entomological repository does? 
A lot, it turns out. CUAC is: 

• a permanent repository for research specimens;

•	a reference collection for identifying important 	
	 samples sent in from around the state;

•	a historical record of changing biota, possessing 	
	 a variety of specimens collected over the course 	
	 of this past century;

•	and an educational resource, with displays and 	
	 off-campus demonstrations.

Among the first insect collections to begin electroni-
cally cataloguing its holdings, CUAC has a searchable 
database with county-level distributional data.
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the brand, as long as their story is com-
municated authentically. 

Siemens notes that varying market 
competition doesn’t affect the amount of 
trust that people place in the brand. “It 
seems to be inherent to the underdog 
brand,” she says. “There’s something 
in what the brand communicates that 
makes consumers trust them, and it isn’t 
affected by what’s going on in the market 
around them.” Although their mindset 
may remain the same, a customer’s ac-
tions can change when a strong competi-
tor enters the picture. For example, when 
in the presence of Starbucks, consumers 
may be more motivated to shop at a local 
coffee place and support fellow commu-
nity members. When the market is domi-
nated by one main competitor, people 
have more positive attitudes regarding 
the underdog, and are more likely to pur-
chase their products. Alternatively, with 
multiple options available for clothing 
stores, a buyer may be more influenced 
by selection or lower prices at a larger 
retailer. Therefore, although the consum-
er’s trust remains high, whether or not a 

As humans, struggle draws us in. 
We love to support passion and 
determination—and when we 

see those qualities coupled with a fight 
to succeed against overwhelming odds, 
we become captivated. We cheer for the 
underdog. 

ENTERING THE CONSUMER WORLD
“It’s normal to think that being the 

biggest is best, and to strive to be that. 
But it’s interesting when it’s turned on 
its head. It’s an anomaly. It’s something 
unexpected based on typical patterns 
of consumption and behavior,” explains 
Jennifer Siemens, whose background 
in psychology prompted her interest in 
brand perception and purchasing habits 
in today’s retail market. 

Sparked by this curiosity, Jennifer 
Siemens and her team are researching 
“rooting for the underdog” as it relates to 
the consumer world. They are particularly 
interested in studying the differences 
between types of underdogs, varying 
competitive landscapes, and the effects 
of ownership changes on consumption 
patterns once success is achieved.  

The team conducted a study of nearly 
400 participants and found that consum-
ers trust brands storied as underdogs, 
which leads to favorable customer at-
titudes toward the brand and a greater 
tendency to purchase the products. 
“Americans themselves are underdogs,” 
Siemens explains. “It’s the American 
dream: Anyone can rise up and succeed. 
And people who view themselves as un-
derdogs are often more likely to support 
an underdog brand.”  

According to Siemens, there are two 
main types of underdog brands: op-
positional and hopeful. The first are 
more likely to “hate the man” and go up 
against the market leader, while the latter 
build their brand because they believe in 
what they do. The findings showed that it 
doesn’t matter which mindset motivates 

person decides to purchase a product is 
ultimately affected by the external market 
environment. 

MANAGING GROWTH
So what happens when an underdog 

brand does achieve success? Siemens 
and her team discovered that it’s impor-
tant for the retailer to communicate that 
it’s staying true to its roots—authentic-
ity is key. A brand should continue to 
uphold the same values on which it was 
founded, and deviation from those beliefs 
could alienate the core customer base. 
For example, if a brand of trail mix begins 
with strong ties to organic and unpro-
cessed snacks, this should not change as 
the company grows. 

In situations where the founders of a 
company maintain control, customers 
are more likely to continue buying their 
products. People connect with brands 
that share similar values, and relinquish-
ing the company can send the message 
of selling out, and can cause the brand 
to suffer. However, if ownership changes 
are inevitable, managing the brand status 
through appropriate, authentic com-
munications can minimize the negative 
perceptions that surround a buyout. 

Overall, Siemens and her team found 
that it’s vital to maintain a brand story 
that communicates authenticity. Regard-
less of a retailer’s motivations, consumers 
feel tied to a brand that is battling to suc-
ceed—and harnessing those consumer 
emotions can lead to growth. It seems 
that passion and determination plus an 
authentic struggle can lead to an under-
dog’s success in the long run.

Jennifer Siemens is an assistant professor 
of marketing in the College of Business 
and Behavioral Science. Rachel Mitchell, a 
2012 graduate and former editor of Deci-
pher, a student-led research magazine at 
Clemson, is now a marketing manager and 
freelance writer based in Charlotte, North 
Carolina.

the authentic underdog
by Rachel Mitchell

Source image courtesy of Wikimedia Commons
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A small Haitian village that was hit hard by cholera is get-
ting water and sanitation services for the first time as a 
group of students design and help build new systems 

from scratch.

One of the latest projects in Cange, Haiti, is a biodigester that 
processes potentially dangerous human waste, turning it into 
fertilizer for banana trees and methane gas that fuels stoves in 
a communal kitchen. The system includes modern toilets and 
sinks that would be familiar to anyone in the United States. But 
after the flush, the waste goes into a series of three biodigester 
bags behind the building. Microbes in the bags break down 
the waste, turning it into fertilizer. Collection bags above the 
biodigester bags capture the methane gas that can be burned 
as fuel.

Aaron Gordon, a junior civil engineering major who interned for 
seven months in Haiti, says that the biodigester has replaced pit 
latrines, making a nearby school and the whole village a safer 
place, and that the importance to Haitians when it comes to  
access to this technology cannot be underestimated.

The biodigester is part of a wider commitment to Haiti by Clem-
son Engineers for Developing Countries. The group installed 
Haiti’s first chlorinated municipal water system in Cange in 2012 
(see Glimpse Spring 2012) and the first water testing laboratory 
in the Central Plateau in 2014.

new technology, natural power
a clean water project expands in Haiti

The biodigester system requires no pumps or electricity. The 
building that houses the toilets was built on the side of a hill, 
and the roofs are sloped with an opening at the top to create a 
natural chimney effect for improved ventilation. Skylights provide 
natural lighting. Gravity keeps the water and effluent flowing.

“At the onset of the project, we realized that we had an unreli-
able power grid and no money to pay for electricity,” says David 
Vaughn, a professor of practice of civil engineering and industry 
adviser to Clemson Engineers for Developing Countries. “We 
have been able to create a net positive energy system that con-
forms to international codes and has a 99.98 percent efficacy 
against known pathogens such as cholera and E. coli.”

Jennifer Ogle, an associate professor of civil engineering, says 
the Cange biodigester has proven so successful that residents of 
other communities have asked for their own versions. “We were 
really excited to see the Haitians asking for these facilities. What 
we’re trying to do now is figure out the proper proportions and 
size of the biodigester bags for smaller installations.”

Students in Clemson Engineers for Developing Countries helped 
design the system and worked with Haitians to build and main-
tain it.

Clemson’s work in Haiti started when Jeff Plumblee, then a 
graduate student, crossed paths with the Episcopal Diocese of 
Upper South Carolina, which was working to upgrade Cange’s 
thirty-year-old water system. Plumblee and six other civil engi-
neering students began designing a new water system in 2009. 
Only a few months later, a 7.0-magnitude earthquake struck 
near Port-au-Prince, killing hundreds of thousands of people. 
While Cange suffered little damage, the population swelled as 
earthquake survivors migrated to the region in search of medical 
treatment. A cholera epidemic, hitting the Central Plateau par-
ticularly hard, sickened about 680,000 people and killed more 
than 8,300 across the country. A lack of sanitation and water 
filtration in Cange and the surrounding villages enabled cholera’s 
quick spread.

Students and Haitians worked together to finish the water sys-
tem, installing the third pump in October 2012. It includes a new 
dam, a filtration building, six miles of piping, eight fountains, two 
new cisterns and two reconditioned cisterns, all housing more 
than 200,000 gallons of water.

James Martin, chair of the Glenn Department of Civil Engineer-
ing, says, “We’re redefining how civil engineering is taught.”

The concept for the Cange biodigester derived from systems 
developed by Biobolsa Systems in Mexico City. Research and 
development was done at the University of Maryland. The project 
was funded by the Episcopal Diocese of Upper South Carolina 
and done in cooperation with the United States Agency for Inter-
national Development.

by Paul Alongi

Sonson hopes to be an 
architect one day. He built 
this model of the biodigester 
and helps the team train 
other Haitians in biodigester 
operation.

Photo courtesy of David E. Vaughn.
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Rodrigo Martinez-Duarte, an assistant professor of me-
chanical engineering, and student researchers Josie 
Duncan, Andraia Li, Natalie Hanson and Kayla Wal-

lace hope to fashion a trap for the parasite that causes Chagas 
disease.

At night, the kissing bug hosting the Chagas parasite emerges 
from the woodworks to feast upon its sleeping victims. Left 
behind on the victim’s skin, the single-celled flagellate protozoan 
that causes Chagas, Trypanosoma cruzi, gets rubbed into a 
wound or mucus membrane, like those within the eyes. T. cruzi 
starts replicating in the victim’s blood. At this stage, when Cha-
gas disease is acute, T. cruzi is relatively easy to find and pos-
sible to cure with a round of antibiotics. Yet the initial infection’s 
symptoms, if there are any, are so nonspecific that the infection 
often goes undetected. After a few weeks or months, this phase 
subsides; the disease becomes chronic. T. cruzi can settle on 
the heart and colon, biding its time for decades. About 20 to 
30 percent of people with chronic Chagas will later experience 
what is thought to be an overwhelming—and fatal—immune 
response.

“The scary part is,” Martinez-Duarte says, “after twenty or 
thirty years of being infected, a patient can just drop dead.”

Several million people are currently infected, and T. cruzi 
is thought to kill about fourteen thousand per year in Latin 
America, where it is endemic. Other routes for Chagas disease 
infection include blood transfusions, food contaminated by the 
parasite, and congenital transmission, as it is passed through 
the blood of the umbilical cord from mother to child. Over 26 

percent of new infections are thought to be congenital, and by 
cutting this line of transmission, Martinez-Duarte and these 
students hope to help end Chagas.

The current rapid tests used to detect Chagas disease re-
semble pregnancy tests, Martinez-Duarte says, but they’re only 
accurate about 90 percent of the time. Recently, there have also 
been concerns that these tests give false positives, confusing 
the diagnoses of Chagas with Leishmania, another trypanosome 
parasite that requires very different treatment. 

Martinez-Duarte says that student interest in finding true solu-
tions to real-world problems, like developing a better device for 
diagnosing Chagas, prompted him to start the Creative Inquiry 
project that has now lasted over three semesters and drawn in 
students from a variety of fields. Individuals from mechanical 
engineering, microbiology, genetics, chemical engineering, bio-
engineering, and even nursing, have participated in this Creative 
Inquiry project. 

An interesting fact about this engineering project is, that     
“historically, we have had maybe 17 students involved with 
the project, and only two have been men. That’s a good sign,” 
Martinez-Duarte says. 

These student researchers, by bringing their expertise from a 
variety of fields into this project, enrich it. Some, being in labs, 
regularly do things like cell culturing—something that  
Martinez-Duarte, as an engineer, wasn’t previously as familiar 
with. He says, “If you get a team of only engineers, they’ll some-
times start diverging. Students from different backgrounds help 

trapping chagas
by Jemma Everyhope-Roser

photos courtesy of Rodrigo Martinez-Duarte

The experimental platforms, currently composed of 
acrylic plates and a patterned, double-sided adhesive, 
are connected to syringe pumps to flow different colored 
solutions and create a gradient in the microfluidic chip.
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keep the whole team focused on the project’s application.”

Li, a biology major, says, “I like working with engineers. I feel 
like they’re pretty pragmatic with their decisions.” Li goes on to 
say that she shares more in common with her fellow student 
researchers than not. Hanson of bioengineering, Wallace of biol-
ogy, and Duncan of mechanical engineering all use the scientific 
method to develop protocol and to seek solutions in developing 
this new diagnostic tool. 

For this device to be applicable, it will have to be cheap and 
robust and able to withstand high heats and have a long shelf 
life. It will have to be easy to use, with clear results. 

In the current prototype, acrylic plastic sandwiches a  
double-sided adhesive, which is basically a double-sided tape. 
These acrylic plates were cut in a mini-mill, basically a CNC ma-
chine, and have holes bored into them to align them and inter-
face them with a syringe pump. The group uses a cutter plotter, 
such as might be seen in a mall making personalized stickers, 
to cut specific patterns into the double-sided tape, patterns that 
will be used to establish the microfluidics. The channels draw 
the liquids through them, and the group can slide these devices 
under the microscope to watch their workings.

“Initially, the idea was that the chips would have some sort of 
chemo-attractant that the parasite would be drawn to, and we 
would flow that through the chip,” Hanson says. “However, the 
gradient that we’re trying to flow through is so slow, it’s not very 
reliable or reproducible. The results aren’t that accurate.” 

The next step, Martinez-Duarte says, is to put the parasite 
inside and see how it reacts to different stimuli. The goal is to 
learn more about this parasite and be able to concentrate it in 
specific locations. Duncan adds that discovering more about 
this under-researched parasite is a priority, as the literature cur-
rently doesn’t give much guidance.

That’s why the team, with the addition of four new members 
this semester—Alisha Kifer, Anna Pitman, Emily Kluttz, and 
Aylin Alvarez—has been reaching out to James Morris, who 
studies T. brucei, also a trypanosome parasite, but one that 
causes African sleeping sickness (see Glimpse, Spring 2013). 
In another example of how this project inspires interdisciplinary 
cooperation, Morris has been training Martinez-Duarte’s group 
on culturing and handling trypanosome parasites. The Martinez-
Duarte group plans to use T. brucei as a model to begin their 
experiments on, before moving on to the more dangerous T. 
cruzi that they wish to trap and conquer.

Once they’re working with T. cruzi itself, they’ll start their 
search for the perfect attractant, one that will bring T. cruzi—
and T. cruzi alone—to a specific location in the diagnostic 
device. Hanson says, “We are focusing our efforts on finding the 
right stimuli. It has been a struggle to find something this bug is 
uniquely drawn to in papers.”

The team is starting to explore the attraction of the parasite 
to paraffin following a report in the literature. T. cruzi is known 
to have a positive cytoskeleton, so the student researchers are 
interested in paraffin because it’s negatively charged. 

Rodrigo Martinez-Duarte is an assistant professor in the Department 
of Mechanical Engineering. Josie Duncan is a sophomore majoring 
in mechanical engineering, Andraia Li is a senior majoring in biology, 
Natalie Hanson is a sophomore majoring in bioengineering, and 
Kayla Wallace is a sophomore majoring in biology. Jemma Everyhope-
Roser is the interim editor of Glimpse.

Once the group has discovered a reliable gradient that affects 
only this particular parasite, Martinez-Duarte says, “We can 
have a robust device where you put a sample of blood, and 
once you know that it will attract the parasite, then we can know 
on which specific spots it will land. We could then detect the 
parasite with an inexpensive microscope.”

Even though T. cruzi isn’t hard for trained personnel to pick 
out amongst the chaos in a normal blood sample, the rural 
areas where people are most affected by Chagas are less likely 
to have such expertise readily at hand. Martinez-Duarte says, 
“We’re trying to make a device that a midwife delivering a baby 
in rural Latin America can use, where she or he can take a drop 
of blood, put it into this device, and quickly be able to tell if the 
parasite is there or not.”

“I want people to be more aware of the importance of develop-
ing alternative ways to detect diseases,” Li adds, “because a lot 
of the world’s population lives in these rural areas and doesn’t 
have access to labs and equipment.”

Interest in solving these real-world problems typifies the 
mindset Martinez-Duarte searches for in the students that join 
his group. He wants students, like these, who can get to the 
other side of the learning curve, students who will see problems 
and who will continually seek new solutions. As for the students 
themselves, Li, for one, enjoys being in a group that’s passion-
ate, where ideas are thrown around, where everyone has their 
own perspective, and not every perspective agrees. Hanson 
says, about working on this project, that “there’s a lot of trial and 
error,” but she’s learned that’s part of science—and research.

“It’s not easy trying to find a solution,” Wallace says. “You 
always have to go deeper. You have to figure out the whys.”

“I tell them from the beginning,” Martinez-Duarte says, “this is 
research, so don’t expect me to have all the answers, because I 
don’t. We have to struggle together, find a solution together, and 
educate each other. They have been up to the challenge.”

Andraia Li (left) and Josie Duncan discuss the liquid flow 
in the microfluidic chip. 
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When Angela Naimou was a teenager and computers were young, her father would 
hand her a scrawled stack of notes, and say, “Oh, could you please type this letter 
up?” Naimou, paging through the writing, would realize that it was someone’s refugee 

application and that she was supposed to type up their account of what happened to them, hav-
ing been persecuted by Saddam Hussein’s government in Iraq.

“It was a very daunting thing for me, as a teenager,” Naimou says. “Because, first of all, it can 
be very difficult material, and these people were friends of the family, or family members.” 

Sitting in her Michigan home, before her blinking cursor on her blank page, Naimou knew so 
much rode on these applications. Customs officials would be reviewing the documents, looking 
for “the right story,” a story that was similar enough to others in detail but also unique enough to 
constitute an original experience. If she turned these jotted notes into sentences, did that mean 
she made the decisions a writer, a biographer, would make? Everything depended on staying true 
to the personal accounts while convincing the reader who’d process this application.

“To me, that’s really fascinating,” Naimou says. “You can be in this weird place of stateless-
ness, and so much depends on your story and how you tell it.”

Naimou’s parents immigrated in the late ’60s and early ’70s, and her father always told her 
he’d never return to Iraq. Not until Saddam Hussein was gone. Even though some of Naimou’s 
relatives, part of an Iraqi Christian minority called Chaldeans, have returned in order to work as 
interpreters, Naimou herself has never visited the land of her parents’ birth, and considering the 
recent destruction of the Iraqi state and turmoil in the region, it’s an open question as to whether 
she ever will. 

But perhaps it’s unanswerable personal questions like these that drive Naimou’s professional 
inquiries, as an assistant professor of U.S. literature and cultural studies at Clemson, to such 
intense, daunting subjects. 

Her recently published book, Salvage Work: U.S. and Caribbean Literatures amid the Debris 
of Legal Personhood, explores the ultimately unresolvable questions of evolving identity, legal 
personhood and statelessness. Using the lens of contemporary literature, Naimou delves into the 

no 
easy 

answers
Angela Naimou, as a scholar 
of literature, asks the hard 
questions, questions that 

demand thought—that 
command a pause.

by Jemma Everyhope-Roser

photos by Craig Mahaffey
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legal background of these stories, to see, 
as she says, “the way literature shapes 
our historical imagination.” Salvage Work 
explores how past laws in the United 
States, Puerto Rico, and Haiti continue to 
shape our ideas of personhood into the 
twenty-first century, from the legal identi-
ties of the slave to those of the refugee, 
the disappeared, the sex worker, the 
corporation, the sailor, the fugitive, the 
pregnant woman, and the fetus, among 
others. Naimou hopes to demonstrate 
that contemporary fiction can generate 
provocative responses to these histories 
of legal identity and, in the process, re-
imagine what it means to be human and 
to live together in an ethical way. 

In one chapter of the book, for example, 
she uses literary analysis and historical 
documents to uncover mariners’ identi-
ties, exploring possible modern ramifica-
tions based on historical sailors being 
press-ganged, or kidnapped and forced 
into service at sea; not legally slaves, nei-
ther were these men free. Complicating 
this further are the ambiguity of maritime 
international borders and the vagaries of 
maritime law. Naimou traces this history, 
along with the labor and penal histories 
of New York, in relation to the maritime 
fiction of Herman Melville’s 1855 novella 
Benito Cereno and Francisco Goldman’s 
1997 novel The Ordinary Seaman.

But the idea that lends this scholarly 
work its title is that of the aesthetics 
of salvage, namely, Naimou says, that 
“salvage is a kind of partial recuperation, 
that you can pull from the ruins of history 
without erasing the marks of that history, 
of what can be painful, of what can be 
vast in shaping contemporary life.”

With this project recently having come 
to an end, Naimou must consider what’s 
next. 

But, in the meantime, she does have 
something to tide her over. In a special 
issue of College Literature called “The 
Banalization of War” that she’s coediting 
with Graham MacPhee of West Chester 
University, she’s written a short piece 
concerning the debates over refugees 
and migrants in Europe and the United 
States as people to be welcomed, feared, 
pitied, or punished. Naimou examines 
what kinds of meanings are attributed 
to the category of refugee when used to 

identify those not only from the Middle 
East and Africa but also those fleeing 
Central America and Mexico. As part of 
her developing interest in art of the con-
temporary African diaspora, she’s also 
interviewed one of the most important 
artists working today, the Nairobi-born, 
Brooklyn-based artist Wangechi Mutu.

Before she can launch herself into a 
new book project, Naimou must first read 
new literature and study visual art, pick-
ing out the works that lend themselves 
to her type of in-depth analysis. Usually, 
she selects novels that experiment with 
language or poems that get her think-
ing about bigger things, or artwork that 
references histories she didn’t even know 
about. “I’m drawn to literature, essays, 
and art that demand a pause,” Naimou 
says, “and demand thinking without an 
easy answer. It’s not for the sake of be-
ing difficult alone, but it’s what difficulty 
allows.

“When we listen to our artists and our 
writers and engage with them and with 
each other through art, literature, or 
essays, spaces open up for real con-
versation,” Naimou says, “and it’s not 
because they agree. It’s because they ask 
so much of readers and viewers, inviting 
us to contend with disagreement and to 
imagine alternative visions for living in the 
world.”

As with her research for Salvage Work, 
Naimou plans to pair her study of litera-
ture and art with an exploration of how 
law constructs the concepts and  

meanings that shape society and 
culture. Combing through case studies 
and other original sources, she’ll piece 
together how the iterations of legal con-
cepts have changed over time to culmi-
nate in the work before her, a snapshot 
in an ever-changing history.

“This approach to research requires 
things of me that I didn’t expect when 
I first began studying literature, like 
reading legal cases or reading histories 
of sailors or the slave trade,” Naimou 
says. “But basically learning from so 
many other disciplines for me has really 
been important. I’m resisting the idea 
that anyone is an expert or master of 
knowledge, but rather, that we’re always 
engaged in the process of gathering 
knowledge, of thinking, of reflecting, and 
in doing so, we’re bringing people and 
ideas from various fields into conversa-
tion with each other.”

In the end, for all Naimou’s use of law 
and history, her questions are attuned 
to, as she says, literature, and the 
generative power of art. For her, the way 
that art continues to shape how we give 
meaning to the world will help us all 
gain insights that are timely and worth 
sharing.

Angela Naimou is an assistant professor of 
U.S. literature and cultural studies in the 
College of Architecture, Arts and Humani-
ties. Jemma Everyhope-Roser is the interim 
editor of Glimpse.

FOR EVERY COURSE, NAIMOU TRIES TO INCLUDE 
MATERIAL ON THE SYLLABUS THAT IS COMPLETELY NEW 
TO HER: “THEN I GET TO READ AND LEARN RIGHT ALONG 
WITH MY STUDENTS.”

zoom in
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A FRESH LOOK AT

“It’s the first time 
anyone has seen 

this in more 
than a hundred 
and fifty years.”
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Or so it would seem from the noise boiling 
out of the tank where the world’s most famous 
submarine has rested now for fifteen years. 
	 Finally freed from near-constant immersion 
in a pool of fresh water—its protective bath 
since being raised from Charleston Harbor in 
August 2000—for the first time in 151 years 
the old sub is showing itself in all of its raw, 
ironclad beauty. 	
	
	 Shorn of its thick, hardened coat of sand, sediment, and 
shell, the naked submarine is offering researchers their best clues 
yet about how the manpowered sub worked and why it famously 
disappeared after sinking a Union warship blockading Charleston 
in 1864.

 	 The raucous sound of mad hornets comes from a team of 
conservators wielding small, but noisy, pneumatic chisels. They 
chip away the last patches of sea-made crust—residue collected 
from 136 years of resting on the bottom of Charleston Harbor—
from the sub’s hull. This summer, the team celebrated the end of 
the tedious job of removing all of the material, called concretion, 
from the Hunley’s iron hide. The work, which took a solid year 
to complete, was long awaited not only by the Hunley’s caretakers 
but by maritime archaeologists the world over.
	 “We are now seeing the actual surface of the submarine. 
It’s the first time anyone has seen this in more than a hundred 
and fifty years,” says Stéphanie Cretté, director of Charleston’s 
Warren Lasch Conservation Center. Home to the Hunley, the 
center is a cornerstone of the Clemson University Restoration 
Institute. Since its founding in 2004, the institute has parlayed 
its oversight of the Hunley project into a busy hub of innovative 
research on the banks of the Cooper River in North Charleston 
(see “Defining the Wind,” Spring 2015, Glimpse).
	 “By this time next year, we hope to be done with the next 
phase, which is (cleaning) the interior,” Cretté says as she helps 
visitors don rubber boots, safety glasses, and latex gloves for their 
descent into the Hunley’s damp home. The group has arrived on 
one of the three days each week that the Hunley’s 72,000-gallon 

pool of dilute sodium hydroxide is drained to allow conservators 
to do their work. The caustic bath draws salt from the Hunley’s 
iron pores, a slow but effective remedy from the effects of 
soaking in seawater for well over a century.
	 The twelve-member team Cretté now leads (the center’s 
first director, Michael Drews, retired in 2012) has evolved 
over the years but remains focused on finishing one of the 
most challenging restoration projects in American maritime 
history. As detailed in a 2012 Glimpse article, “Learning from 
the Hunley,” the story of the Hunley’s 1995 discovery and 
subsequent resurrection has focused international attention on 
Clemson’s efforts. 

STAGES OF RECOVERY
	 So far, the exhaustive restoration work has been punctuated 
by four pivotal events. Obviously the first, which drew world 
attention, was the recovery of the submarine itself from its 
muddy grave, moving it ashore and setting it up in a highly 
specialized holding tank. Four years later came the excavation of 
the sub’s interior, filled to capacity with thick, gooey sediment. 
That excruciatingly painstaking work culminated with the 
recovery and analysis of the remains of the sub’s eight-man crew, 
including the Hunley’s twenty-seven-year-old skipper, Lieutenant 
George E. Dixon.  
	      After years of 

study and intense 
debate, in 2011 the 
sub successfully 
underwent a risky 
procedure in which 
it was rotated to 
its original vertical 
position. Discovered 
resting on the 

seafloor at a 45-degree angle, the sub was recovered exactly as it 
was found. Archaeologists feared that righting it might destroy 
priceless archaeological clues that remained inside. Even after 
the recovery of the crew’s remains and dozens of artifacts, the 
team knew that rotating the vessel still posed the threat of 
irreversible structural damage. 	
	 To everyone’s relief, the project went smoothly and the sub 
was finally freed from a thicket of heavy slings that had held it 
in place for eleven years. Without this critical maneuver, team 
archaeologists say that the latest phase—removing the sub’s heavy 
coat of concretion—would have been all but impossible. 
	 Paul Mardikian has been front and center for every phase 
of the Hunley’s restoration. Trained in conservation sciences at 
the Sorbonne, France, Mardikian signed on as the Lasch team’s 

Even before the de-concretion process began in 2014, the team 
of conservators hoped the work would reveal tantalizing clues 
about the Hunley’s final moments, solving one of the Civil War’s 
most puzzling mysteries. 

   An angry swarm of hornets 
                has invaded the home 
         of the H.L. Hunley. 
  	

Mardikian
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senior conservator in 1999, a full year before the Hunley was 
raised. He’s worked on other Civil War projects as well, notably 
restoring cannon recovered from the CSS Alabama, which, like 
the Hunley, also sank in 1864, albeit off Cherbourg, France. 
	 As he chiseled away the last deposits on the Hunley’s 
propeller last June, Mardikian reflected on why the meticulous 
de-concretion work was necessary and what it had revealed so far.
	 “We are now able to essentially read the hull,” he said. 
“Before, with all the concretion there, we basically had only x-rays 
of the sub to look at and study. Now, we can look directly at the 
surface, and there’s just no substitute for that. Now the challenge 
is to read and properly interpret what we can see with our own 
eyes.”

	  	 Before the sub’s hull was stripped of its crusty shell—
which was found to be over an inch thick in places—every bump, 
curve, indention, ripple, or other surface anomaly was masked so 
heavily that the vessel resembled a piece of natural rock snatched 
from the seabed. Contrasting before-and-after photos show a 
stunning transition from what once could have passed for an 
entirely organic object to a sleek slab of incredibly specialized 
Civil War iron.
	 Mardikian traced a gloved hand over a cleaned propeller 
blade. Beside it was its crusty mate, still bearing the likeness of a 
shard of curved concrete. 
	 “This is just like looking at someone’s body, looking at the 
scars. We see scars but we don’t always know the chronology, the 
full story of how they got there. After all, we’re dealing with a 
submarine that sank not just once but three times.”
	
THE HUNLEY AT GROUND ZERO
	 Assuredly, well before the de-concretion process began in 
early 2014, the team was optimistic that the work would reveal 
tantalizing clues about the Hunley’s final moments. In the 
forefront of everyone’s mind was what could be called the eureka 
discovery, incontrovertible evidence that would finally solve one 
of the Civil War’s most puzzling mysteries.  
	 Clearly, on that cold February night of 1864 some four 
miles off Sullivan’s Island in Charleston Harbor, something went 

terribly amiss. What happened? Alas, the latest work sheds scant 
new light on a question that has vexed historians, naval experts, 
scientists, and Civil War buffs for over a century-and-a-half now. 
A definitive answer may never be found, but the Hunley team is 
justifiably proud of having now assembled the most complete set 
of clues ever compiled. They are anxious to explore the only place 
where the final clues can be hiding, and that’s beneath the still 
heavily encrusted walls and machinery of the sub’s interior.
	 Interestingly, two of the best clues were found just before the 
latest cleaning process began. In 2013 the team finally finished 
cleaning and restoring the tip of the 17-foot iron spar that had 
been soaking in solution since the sub was raised. The spar served 
as the Hunley’s only weapons delivery system, essentially a lance 
tipped with a torpedo loaded with 135 pounds of gunpowder. It 
was found detached from the sub and lying only a few feet away 
from the hull in 1995.
	 What researchers found upended a Hunley narrative that 
had reigned since almost the night the sub vanished. The torpedo 
was revealed to have been bolted to the spar with a copper casing, 
and therefore apparently was never designed to be detached 
and detonated from a distance, a central tenet of Hunley lore. 
With the concretion gone, it was obvious that some mighty 
force caused the casing’s sheath to peel back onto the spar like a 
ripe banana skin, ripping a gash in the casing where it was thru-
bolted. The discovery proved beyond any doubt that the Hunley 
was only seventeen feet away from the torpedo when it went 
off. Until then, researchers could only speculate about the sub’s 
proximity to its lethal attack. 
	 The blast-deformed torpedo casing means that the Hunley 
and its crew felt the full force of a horrendous underwater 
explosion from a distance of just short of half the length of the 
sub itself. The proximity of the explosion could almost be likened 
to the Hunley having struck a mine. 

IN HARM’S WAY
	 Even so, with the sub now completely out of its shell, the 
most obvious finding reinforces what conservators had surmised 
early on: namely, that the Hunley was an amazingly tough piece 
of war-making machinery. Mardikian and his teammates found 
no evidence that the explosion inflicted any damage at all on the 
Hunley’s primary defense—its sturdy, wrought iron hull. None 
of the sub’s 3/8"-thick hull plates showed any sign of shrapnel 
damage, much less cracking or buckling, injuries that surely 
would have sent the sub to the bottom in a hurry. The absence 
of such damage helps explain why the sub was able to survive 
sinking for a considerable length of time. The sub eventually 
sank more than three football fields away from where its victim, 
the Housatonic, dropped to the mud within five minutes of the 
attack.
	 A computer-simulated test conducted in 2013 by the U.S. 
Navy’s Surface Warfare Center in Washington, D.C., suggested 
a reason why the sub was able to survive the blast at what 
amounted to point-blank range. The navy researchers concluded 
that the charge carried by the Hunley would likely have generated 
only 350 pounds per square inch of pressure—a force determined 
to be insufficient to breach the sub’s walls. 

A thick, hardened coat of sand, sediment, and shell, the 
concretion on the sub is being carefully chiseled away.
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	 But significantly, the navy conceded that the blast could 
have severely, even fatally, injured the sub’s crew. Forensic 
analysis of the crew’s skeletal remains in 2004 showed no 
evidence of bone fractures. But medical literature is full of 
accounts of the lethal effects of underwater explosions, which 
can be far deadlier than surface or airborne blasts yet cause no 
broken bones or lacerations. The Hunley’s eight crewmen were 
hit with a vicious underwater concussion unlike anything they 
or any of their Confederate comrades had ever experienced in 
either training or combat. (At this writing, the navy still has plans 
for another experiment, this time using real gunpowder—made 
with the same formula used by the Confederacy—in a test at sea.)
	 Finding that the Hunley’s hull withstood the brunt of the 
explosion, while fascinating, hardly means that the blast didn’t 
seriously damage the vessel in other ways, said Mardikian. Finally 
able to study the outer skin in great detail, Mardikian is now 
convinced more than ever that a discovery he made several years 
ago is solid evidence connecting the explosion to the Hunley’s 
fate.
	 While trying to understand how the Hunley’s ballast system 
worked, Mardikian noticed that the bronze intake pipe attached 
to the sub’s forward seacock—a valve for letting in water—was 
oddly misaligned. Closer inspection revealed that the seacock’s 
pipe—almost the diameter of one’s wrist—was snapped in two 
right where it went through the hull. Because bronze is essentially 
impervious to seawater corrosion, Mardikian knew that corrosion 
couldn’t possibly have caused the damage he’d found.
	 In their test, the navy researchers took into account the 
broken seacock pipe and deduced that if it had been caused by 
the explosion, the damage could have allowed a lot of water to 
pour into the Hunley’s crew compartment very quickly. Even 
if the pipe initially suffered only a hairline fracture, researchers 
speculate that the leak still could have threatened to sink the sub 
if the crew didn’t take immediate action to staunch the flow. In 
the excavation of the interior, completed in 2004, no evidence 
was found to suggest that the crew made any effort to address any 
leakage problem.
	 Mardikian is convinced that the broken pipe was “a 
catastrophic failure” that played a major role in the Hunley’s 
demise. He likens the damage to what’s depicted in every movie 
depicting submarine warfare. When nearby depth charges go 
off, submarines that star in films unfailingly start spewing water 
and steam. It’s not Hollywood fiction—survivors of submarine 
combat during WWII lived to describe the horrors of watching 
their ships fill with water from pipe fittings sheared by fierce 
explosions.
	 “It’s easy to imagine that something similar happened here,” 
Mardikian says. “The (shock of the) explosion was enough to 
cause the sub to flex. The seacock pipe was fixed and very rigid. 
It’s reasonable to suggest that any flexing would have broken it 
where it did.”
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Paul Mardikian has been front 
and center for every phase of 
the Hunley’s restoration. 
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Stéphanie Cretté, director of the Warren Lasch Conservation 
Center and a research professor of materials science and 
engineering, is hopeful that the work will be done by next summer.  



THE VALVES OF LIFE (AND DEATH)
	 Launched in July 1863 from its birthplace at a foundry in 
Mobile, Alabama, the Hunley led a brief and frightening life.  
	 Rushed by rail to Charleston to help fight off the Union’s 
fleet of blockade ships, within eight months of leaving Alabama 
the forty-foot-long, twenty-ton submarine would be on the cold 
bottom of Charleston Harbor with its third ill-fated crew still 
aboard. It had already sunk twice before in sea trials, killing five 
crewmen the first time and all eight the second, including the 
vessel’s namesake, Horace Lawson Hunley. Each sinking forced 
desperate Confederate commanders in Charleston to pay salvors 
handsome sums to raise the vessel, recover the bodies and make 
whatever repairs or modifications were necessary to throw the 
Hunley into battle.
	 Both sinkings, the second in particular, were suspected of 
being caused by human error. Even with its namesake Hunley 
at the controls, the sub’s loss was blamed on mistakes made in 
handling the all-important ballast system. Controlled by forward 
and aft valves for regulating both the intake and expulsion of 
seawater, the sub’s fate literally lay in the hands of men who 
knew how the system worked.
	 “If you can’t control the valves, it’s life or death,” says 
Michael Scafuri, an archeologist on the project. “You had to be 
absolutely certain how the valves were positioned at all times.” 
	 Scafuri and his research assistant Brad Blankemeyer study 
the Hunley’s ballasting and propulsion systems. They have 
successfully removed, de-concreted, and restored one of the sub’s 
two ballast tank pumps, the aft unit. The forward pump remains 
heavily concreted and sits in its original place, awaiting the final 
cleaning of the interior. Both pumps were capable of forcing 
water out of the ballast tanks or the sub itself if necessary, but to 
work, both required their independent valves to be properly set.
	 They found that the aft pump apparently was in proper 
working order when it was last used, and even contained seawater 
still sealed inside by its single piston, whose cotton gasket was 
found to be remarkably well preserved. The valve controlling 
the aft pump was found to be closed, as it should have been, 
given that both ballast tanks were probably full to allow only the 
Hunley’s twin conning towers to be visible as it approached its 
target. 
	 But what about the forward valve? In attempting a dive 
during a training exercise, Hunley drowned himself and his crew 
when he apparently failed to close the forward seacock valve 
when he should have. 
	 Scafuri and his team have discovered that even though the 
forward valve appears to be in a closed position (its handle is 
perpendicular to the pipe), there’s something curious in the set-
up. Space being what it was on the impossibly cramped Hunley, 
the captain’s seat was squeezed into position directly atop the 
valve’s handle. This configuration would have made it difficult, if 
not impossible, to operate the forward valve the same way as the 
aft valve.  
	 “The captain simply couldn’t fit his seat on there and 
operate the (valve) handle,” Scafuri says. “So, we have to wonder 
whether these two valve handles were put on differently.”

	 As found, the forward valve’s configuration appears to be in 
the open position. Could the Hunley’s brash young commander, 
George Dixon, have repeated H.L. Hunley’s mistake on his 
famous run to destiny? 
	 “We won’t be able to know (whether the valve is on or off) 
until the interior is fully de-concreted,” Scafuri says. “Was human 
error involved again? Right now, it’s an open question.”

FINAL APPROACH
	 The Hunley’s restoration team begins the next phase with 
some trepidation. Taking the shell off the sub’s interior will 
require a more delicate approach, Cretté says. Not only can the 
interior be a beastly place to work because of its size (3½ feet in 
diameter), the old vessel’s bones are fragile. 
	 “We can only put two conservators inside at the same 
time because of the weight. So, this will likely mean that (de-
concreting) the interior probably won’t go as fast as did the 
exterior.”
	 Still, Cretté is hopeful that the work will be done by the 
summer of 2016 or the summer of 2017. After that, the sub’s 
tank will once again be filled with salt-removing chemicals for 
a final long soak, this one expected to take roughly five years to 
complete. Cretté says the current schedule calls for the Hunley to 
be ready for its final transition to a museum sometime in 2020. 
A quarter century after its discovery, the H.L. Hunley will finally 
be fully displayed to an eager world audience. Visitors are likely 
to see a sleek, almost solid black vessel, its iron skin darkened by 
special, deep-penetrating corrosion inhibitors. Touching the sub 
won’t be possible, because it will be permanently housed in an 
air-free, ultra-low-humidity cocoon of sorts. To keep corrosion in 
check, the container also may be filled with argon or some other 
inert gas.
	 After the Hunley goes on public display, Cretté says, the 
work of the Lasch team is poised to continue, thanks to some 
one-of-a-kind spin-off technologies and talents that the project 
generated during its fifteen-year run. In particular, she says, the 
lab is building on its expertise in such diverse fields as materials 
analysis and 3-D imaging. Techniques developed by the lab 
already have helped conserve and analyze a wide variety of metals 
and textiles used in fields outside of archaeology.
	 “We’ve built a wonderful resource here and we’re looking 
forward to the future.” 

Stéphanie Cretté is the director of Charleston’s Warren Lasch 
Conservation Center (WLCC). Paul Mardikian is a senior conservator 
for the H.L. Hunley Project at the WLCC. Michael Scafuri is an 
archeologist and Brad Blankemeyer is a research assistant at the WLCC. 
Frank Stephenson is a freelance writer based in Carrabelle, Florida.
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IN PREVIOUS ISSUES, we’ve covered many of the center’s 
other conservation projects. Subcritical technologies, which 
accelerate the desalination of iron exposed to maritime environ-
ments, were explored in Glimpse Fall 2012, and now Liisa Näsänen, 
a doctoral candidate at the University of Cardiff, is researching 
in collaboration with the Warren Lasch Conservation Center 
(WLCC) the possibility of applying the subcritical process to the 
desalination of copper and copper alloy artifacts. In the spring 
2013 issue, we covered the conservation of the ordnance and 
architectural elements of Fort Sumter and Fort Moultrie, where 
the WLCC is the only U.S. institution to apply ThermaTech 
technology to metal conservation, using donated equipment 
from Restorative Techniques-UK that removes coating layers with 
superheated water so that conservators can reapply commer-
cial coatings that will protect these objects from the elements. 
Additional work is being done on ordnance, as the WLCC has 
received three cannons recovered from the Pee Dee River by the 
South Carolina Institute for Archaeology and Anthropology 
(SCIAA). The center is also working with the University of Mon-
tana and the Naval History and Heritage Command to conserve 
ordnance from the historic U.S.S. Maine. 

But what we haven’t yet explored in these pages is the Low 
Country Digital Initiative, created to systematically document the 

cultural and architectural history of South Carolina’s Low-
Country and beyond. This, and the Warren Lasch Conser-

vation Center’s similar projects in 3-D scanning, offer 
new opportunities to those interested in historic 

conservation—so that we can understand the his-
tory around us better than ever before.

Stéphanie Cretté, director of the WLCC 
and a research professor of materials science 

and engineering, says, “The laboratory 
champions an integrated approach where 
conservation practice, archaeology, 
architecture, and materials science work 
together to solve preservation challeng-
es; the facility houses a state-of-the-art 
materials analysis, characterization, and 
documentation laboratory. Currently 
the WLCC employs a wide range of 
digital documentation technologies, 
including photogrammetry, structured-
light scanning, and 3-D laser scanning.

“Laser scanning is becoming 
extremely accurate, and it can be applied 

under many circumstances,” continues 
Cretté. “It’s more important than ever to 

have good documentation on the 3-D level 
instead of photos, because if something hap-

pened, like a natural disaster or even wanted 
destruction, you can have a building rebuilt 

from its 3-D scan. You can recreate the blueprint.”

HERE ARE A FEW EXAMPLES OF 3-D DIGITAL DOCUMENTATION 
PROJECTS THAT ARE PART OF THE LOW COUNTRY DIGITAL INITIATIVE:

• At the Colonial Dorchester State Historic Site, conserva-
tors have used 3-D laser scanning to document a delicate window 
frame on a bell tower, which is now undergoing treatment in the 
conservation laboratory. 

• In St. George, Bermuda, conservators and architectural 
historians plan to scan and assess King Square and the King 
Street corridor. Depending on funding, this contract may be 
extended, and the entire city may be scanned and documented, 
taking an already ambitious project to an unprecedented level.

• In collaboration with the Charleston Preservation Society, 
the WLCC has laser scanned the Old Sheldon Church Ruins in 
Yemassee, South Carolina, adding in raw point cloud data with 
high-resolution color photographs, resulting in a 3-D model that’s 
accurate to within two millimeters and that additionally contains 
mortar data, as different mortars were determined through chemi-
cal analysis and then mapped onto the model.

• The WLCC has also performed the scanning and digital 
documentation of the exquisite Pompion Hill Chapel (Glimpse, 
Spring 2015) through a State Historic Preservation Office grant 
over the summer of 2015. By using the highly accurate and 
noninvasive laser scan, the researchers produced a model of the 
chapel that could be used for identifying and monitoring repair is-
sues. The model, integrated into the site management plan, is an 

Beyond the 
Hunley’s past—
into conservation’s 
future
The Warren Lasch Conservation Center 
is more than the H.L. Hunley.

BY JEMMA EVERYHOPE-ROSER
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important tool for planning future repairs and maintenance. 
• The center has several adjunct professors teaching in the 

Graduate Program of Historic Preservation and this spring is of-
fering a course on the utilization of x-ray fluorescence (XRF). 

• Additionally, the Warren Lasch Conservation Center 
intends to offer a summer field school, taught by Brent Forten-
berry, an architectural historian and archaeologist of the WLCC, 
where undergraduate and graduate students can receive training 
in methods of digital documentation like structural scanning, 
photogrammetry, and 3-D laser scanning.

To create a complete picture of a historical object, in addi-
tion to using documentation techniques like laser scanning or 
photogrammetry, the conservators need to get an idea of the   
material composition. Analytical tools such as x-radiography,   
Fourier Transform Infrared Spectroscopy, Raman spectroscopy, 
XRF or Variable Pressure Scanning Electron Microscope Energy 
Dispersive Spectroscopy can enable them to determine an 
object’s chemical composition. In some cases where the testing 
has to be done on-site, conservators use a handheld XRF. Cretté 
explains that understanding the composition of an object is 

important because conservation techniques must be compatible 
with the object’s chemical composition.

“When we analyze materials such as wood, brick, metal, 
or mortar, we want to understand the best way to conserve or 
preserve a structure or an artifact,” Cretté says. “We always follow 
the ethics to conserve a site. We have to give the best recommen-
dation to the stakeholders, and 3-D scanning can help toward 
best practice to preserve a site.”

But 3-D scanning offers additional benefits, Cretté says. 
Take the case of the bell tower frame. The delicate frame will not 
be put back up, but a 3-D model could be displayed to visitors. In 
the future, museums might use 3-D models to display artifacts to 
the public that are otherwise too fragile. Perhaps someday, with 
the help of a digital arts production team, 3-D cultural museums 
could be developed.

These digital documentation technologies, coupled with the 
Warren Lasch Conservation Center’s expertise in materials and 
conservation science, ensure that structures and artifacts around 
us can be understood more thoroughly than ever before.

ASSISTANT CONSERVATOR CHRISTOPHER 
MCKENZIE USING THERMATECH AT THE FORT 
SUMTER NATIONAL MONUMENT PARK. 
IMAGE COURTESY OF STÉPHANIE A. CRETTÉ.
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SEEN

The chips that drive our video games 
are changing the face of modern science.

BY NEIL CAUDLE
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All of that time and money our kids 
have lavished on video games did not 
go to waste. The investment has helped 
reinvent modern science. 

For several decades, our culture’s 
insatiable appetite for bigger, faster, 
more lifelike games has inspired high-
tech industry to crank out ever-more-
powerful chips to fill our screens with 
action-packed animations. Today, those 
chips, known in the trade as graphic 
processing units or GPUs, can blaze 
through the likes of Mortal Kombat 
or Call of Duty at warp speed, without 
dropping a pixel. 

And now, those same GPUs have begun 
to reveal, in astounding detail, whole 
new realms of science. 

And it’s not just the hardware retooling 
research. Those kids we nagged to 
unplug their controllers and turn off their 
screens? Lots of them are now plying 
their well-honed visual acuity in labs 
around the world. They are mining huge 
mountains of data and bringing them to 
life. 

It’s one thing to hit the leaderboard 
for “Grand Theft Auto;” it’s another to 
unearth a secret of nature. YES, OUR 
GAMER KIDS CAN DO THAT NOW. w 

, IT’S TIME TO THANK THE GAMERS. 

w AND SCIENCE WILL NEVER BE THE SAME.
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RIDING THE WAVE
Andrew Mount, who studies the molecular and cellular 

biology of marine invertebrate organisms (see the Fall 2014 issue of 
Glimpse), learned biology the old-fashioned way, with experiments 
he could observe, using his eyes and a lens, and with drawings 
rendered by hand. But when he saw the power of computers to 
help him detect and display the long-hidden secrets of, say, oyster-
shell formation or barnacle adhesion, there was no turning back. 

Mount and his team now use a powerful confocal microscope 
to collect three-dimensional data from experiments on biofouling 
(such as barnacles on ships and marine gear), biomineralization 
(the way mollusks form their shells), and ocean acidification. The 
researchers then model their data on computers, in 3-D. 

“That allows us to take that three-dimensional data and 
produce exquisite images, unparalleled in beauty,” Mount says. 
“And we’ve been doing this since 2010.”

Last summer, through an internship program sponsored 
at Clemson by the National Science Foundation (NSF), Mount 
mentored nineteen-year-old Caroline Zhang, a rising sophomore 
from Emory University. He put her to work turning data into 
images. One of the problems he assigned her was to help his team 
visualize the production of chitin, a natural polymer common in 
crustacean shells and many other living structures, in a barnacle 
cyprid, the barnacle’s last larval stage before adulthood. Because 
a cyprid’s job is to find a place to settle and attach, understanding 
its biology could lead to methods for protecting ships’ hulls and 
marine gear from fouling. Using software called Imaris, Zhang 
modeled the data in graphic animations that not only detected 

a chitin plaque but revealed, for the first time, a membrane 
surrounding it. The NSF was so impressed that the agency invited 
Zhang to present her poster, titled “Stuck at Sea,” in Washington, 
D.C., last October. 

“That’s the power of visualization,” Mount says. “You actually 
can advance science, and you don’t need to have umpteen years at 
the bench.”

AND THERE’S MONEY IN IT.
In labs around the world, visualization—seeing what otherwise 

couldn’t be seen—is taking science to a whole new level. The NSF, 
recognizing the potential of visualization and its power to attract 
young people into science, sponsored the summer internship 
program in which Caroline Zhang took part. Clemson landed 
the program, called Research Experience for Undergraduates 
(REU), and brought eight students to campus in June and July 
of last year. Vetria L. Byrd, who was then a visualization scientist 
with Clemson’s computing division, CCIT, wrote the grant and 
directed the program. 

Wole Oyekoya, who took over for Byrd when she left to join 
the faculty of Purdue University, says that in almost every field 
of science and scholarship, including the humanities, people are 
discovering the power of visualization and finding ways to use it. 
“I told the students that if this is an area you’re interested in, don’t 
be afraid to pursue it, because there’s going to be money in it,” 
Oyekoya says.

He leads me out of his office and down the hall to his lab, 
where one of his students, Barry Tucker, a student majoring in 
visual arts, is at a computer composing avatars. The avatars are 
3-D representations of people whose forms will move and speak in 
realistic ways. Animations like these are already proving useful in 
fields such as psychology, Oyekoya says, because a researcher can 
set up scenarios, including violent conflicts, and study how human 
subjects react without exposing anyone to harm. This kind of 
research would be unethical and impractical without visualization, 
Oyekoya says.
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Caroline Zhang was asked by the NSF to present her 
research about barnacle formation in Washington, 
D.C. Image courtesy of Andy Mount.



Parker Van Sickle, a senior in computer engineering, shows 
me an application for visualizing LiDAR (Light Detection 
and Ranging) data of the Clemson area, such as that collected 
via terrestrial or airborne LiDAR surveys. Airborne LiDAR is 
gathered by mounting a downwards-pointing LiDAR scanner on 
a low-flying aircraft and is used to gather high-resolution DEMs 
(digital elevation models) of the Earth’s surface.

Another of Oyekoya’s students, Joseph James, a junior majoring 
in mechanical engineering, hands me a headset and turns me loose 
to wander around in a 3-D model of the new Littlejohn Coliseum, 
now under renovation. I open doors, walk down a hallway, and 
step out onto the polished hardwood of the basketball court, where 
five imposing athletes, in uniform, are crouching and shifting in 
their stances, ready to defend their goal. 

James asks me what I think.
“I think I’ve got no business on the court with these guys,” 

I say. 

“THAT’S NOT GOOD FOR YOU,” THEY SAID.
None of this virtual moving and shaking was possible a 

generation ago, except in rudimentary experiments using massive, 
exceedingly expensive hardware. Today, an ordinary desktop 
computer can render a coliseum and its occupants in three 
dimensions. But if you need to model, say, an ecosystem, a genome, 
or an earthquake-hazard zone, you’ll need big data and the services 
of a supercomputing center like Clemson’s Palmetto cluster, which 
can store and process terabytes and send them racing through the 
latest, fastest GPUs. 

I asked Oyekoya what happened, in just a few decades, to 
make all of this possible.

“It’s been driven by gaming mostly,” he says. “Over the years, 
these cards, these GPUs, have really become computers on their 
own.” 

Oyekoya’s parents, like so many others, took a 
dim view of video games and warned him not to waste 
his time on them. “That’s not good for you,” they told 
him.

Now it’s his job to help scholars and scientists 
fire up their GPUs and get into the game. “It’s a new 
area for me, to start delving into genetics, biology, 
and chemistry,” he says. “How do you talk to the 
researchers, understand what they need, and then be 
able to visualize it for them?”

That struggle to understand another field of 
study, to collaborate across disciplinary lines, is 
another way in which visualization is reshaping the 
scientific enterprise. People from very different 
backgrounds are finding common ground in the 
potential of GPU technology. Andrew Mount, who is 

both a biologist and an amateur astronomer, mentored a second 
REU student—Paris Smith, a senior mathematics major from 
Jackson State University—who rendered spectrographic tracings of 
solar storms and bursts of energy from Jupiter. Mount uses lasers 
in his biological research, and he says visualizing the data from 
those studies is much like visualizing data from space.

“When you analyze energy, whether it’s energy from Jupiter 
or energy from the sun or laser energy, the rules of physics are the 
same,” Mount says.

The methods and tools of visualization, Oyekoya says, 
have value in every field of scholarship and science, even in the 
humanities. One of the REU projects, mentored by Gabriel 
Hankins in English, visualized literary correspondence by detecting 
patterns within large collections of letters.

Whatever the topic, visualization tends to attract bright, 
ambitious students who yearn to solve big problems, to answer 
questions too complex for any one discipline to tackle alone. 
Several of the researchers I spoke with about the REU summer 
internship program told me that their student interns came in 
with little or no expertise in the discipline and, before the summer 
was over, made real contributions to work in the lab. 

WHATEVER THE TOPIC, VISUALIZATION 
TENDS TO ATTRACT BRIGHT, AMBITIOUS 
STUDENTS WHO YEARN TO SOLVE BIG 
PROBLEMS, TO ANSWER QUESTIONS TOO 
COMPLEX FOR ANY ONE DISCIPLINE TO 
TACKLE ALONE.

WHETHER IT’S UNDERGRADUATE STUDENT PARIS SMITH RENDERING SPEC-
TROGRAPHIC TRACINGS OF SOLAR STORMS AND BURSTS OF ENERGY FROM 
JUPITER (RIGHT), OR OYEKOYA (BELOW) WORKING WITH STUDENTS IN HIS 
LAB TO DEVELOP 3-D AVATARS FOR USE IN PSYCHOLOGY STUDIES, DATA 
VISUALIZATIONS HAVE A POTENTIAL APPLICATION IN ALMOST EVERY FIELD.
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SHAKING SKELETONS 
APART

For the students 
and their mentors, 
the issues at stake are 
not trivial. Visualizing 
a complex problem in 
science could help 
protect property and 
save lives.

Qiushi Chen,  a civil engineer who studies soils and other 
natural materials, has been researching the risk of earthquake 
damage in Charleston, South Carolina, which occupies an active 
seismic zone. Chen explains that much of the catastrophic damage 
we see after earthquakes—cracked buildings and fallen bridges, for 
example—actually occurs as a result of liquefied soil. 

Here’s how it works: An earthquake sends a jolt of pressure 
through the earth. If the soil is full of water—from rains, 
floods, or high water tables—this pressure wave can dramatically 
increase pore water pressure within the soil in a very short time 
and eventually break what Chen calls the soil’s skeletons, the 
structured particles that form when grains of sand or silt or clay 
combine. The skeletons, he explains, make soils strong enough to 
bear the weight of a building. But when the skeletons break down, 
the tiny soil particles flow like water, behaving more like a liquid 
than a solid, and the building can fail. This liquefaction, Chen 
says, is the biggest threat in seismically active coastal areas, where 
water tables tend to be high and the risk of liquefaction is great.

As sea levels rise, pushing the water table higher in some 
coastal soils, can communities like Charleston protect themselves 
from the destruction of a catastrophic quake?

Their chances are better, Chen says, if they understand their 
soils. Chen uses data generated by his colleague, Ronald Andrus, 
who has been sampling the soils of the Charleston area using 
metal cones equipped with sensors. Driven into the ground, the 
cones can measure soil resistance, which indicates strength, at 
various depths.

Andrus has conducted hundreds of these tests in the 
Charleston area. Chen uses the data to develop computer models 
that can delineate soil profiles at several depths throughout the 
area of interest and stores his data in the Palmetto cluster.

“So then we need to visualize the data,” Chen says, “and 
that’s where the student comes in.”

Chen’s student intern in the REU program was Janet 
Mendoza, a senior from the University of Puerto Rico. Mendoza 
took output from the computer models and reformatted the data 
to something that could be read by the visualization software, in 
this case a program called ParaView. 

“So what we have now is a three-dimensional visualization of 
a soil profile from a given region for the area we studied,” Chen 
says. “That profile is important for seismic analysis because you can 
link the resistance of soil to the potential of liquefaction during 
earthquakes.”

Colors in the visualization indicate how strong or how weak 
a soil is, so it’s relatively easy to identify an area that could liquefy 
in an earthquake. 

“That’s probably the area we should pay special attention 
when you’re designing foundations,” Chen says.

In September 2015, Chen’s group published a liquefaction 
potential map, generated using Mendoza’s visualization tool, of the 
San Francisco Marina District. “By looking at that map in different 
colors, you know which area is potentially liquefiable during an 
earthquake,” Chen says. “That’s something you cannot get just by 
using the data itself, or by using curves.”

Are there locations in Charleston that seem especially 
vulnerable?

“We’re still working on that,” Chen says. The researchers 
need more samples to define the hazard zones with certainty. As 
more data roll in, the lab will develop its models and apply the 
visualization tool that Mendoza developed last summer.

“She did an excellent job,” Chen says. “She’s an undergraduate 
student in computer science with no prior training or background 
in civil engineering. But it’s amazing how well she handled this 
project.”

LEAF BY LEAF 
When it comes to the ecology of forests, Bo Song has turned 

over a new leaf. She uses visualization to understand how forests 
evolve and what threatens their health. 

“We can visualize a hundred years of forest change in three 
dimensions on a computer,” she says. The dynamics of modeling 
allow her to study, for example, forest succession, from herbs and 
shrubs to forests. She can also simulate the spread of forest fires or 
beetle infestations. And visualization, she says, is especially useful 
in outreach and extension programs. 

WITH A DATA VISUALIZATION, RESEARCHERS HAVE AN OP-
PORTUNITY TO SEE DATA IN NEW WAYS. BY DEVELOPING A 
MODEL OF A BARNACLE LARVA (BELOW), ZHANG DETECTED, 
FOR THE FIRST TIME, THE MEMBRANE AROUND THE CHITIN 
PLAQUE. ZHANG ALSO MODELED OYSTER CELLS (FAR RIGHT). 
CHEN’S MAP OF THE SAN FRANCISCO MARINA DISTRICT 
(RIGHT) ENABLES QUICK ANALYSIS OF WHICH REGIONS HAVE 
HIGHER POTENTIAL FOR SOIL LIQUEFACTION IN AN EARTH-
QUAKE. CHEN SAYS, “THAT’S SOMETHING YOU CANNOT GET 
JUST BY USING THE DATA ITSELF, OR BY USING CURVES.”
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“With visualization, you can show the tree, the different forest 
structures, the whole topography, and the different management 
options,” she says. “That helps people understand.”

To gather data, Song’s lab uses a laser 3-D scanner, which can 
measure with pinpoint accuracy the objects and textures within 
its range. This is the type of scanner used in law enforcement to 
capture the details of a crime scene, in the construction industry, 
and in science. It can also be used to study beach erosion and 
changes in sand dunes. A similar scanner tracks progress as 
conservators at the Clemson University Research Institute remove 
encrustations from the hull of the Civil War submarine, the H. 
L. Hunley. (See page 18 of this issue, and the Fall 2012 issue of 
Glimpse.) 

For the REU program, Song was a mentor for Shayne 
O’Brien, a student from the State University of New York, 
Geneseo. “He has a mathematical background, and he helped us 
to figure out the math,” Song says.

Last summer, Song’s lab aimed its scanner at a single sycamore 
tree. “For eight weeks, we took a measurement every week,” she 
says, “and we use that to calculate how leaves were dropping to 
ground. Using the scanner we could not only visualize the tree 
in three dimensions but also calculate its volume. That’s very 
accurate scanning and very detailed.”

The scanning wasn’t as simple as it sounds. Light reflected 
from the tree and its surroundings sometimes left gaps in the data. 
O’Brien helped Song calculate and account for those gaps and 
complete the image. O’Brien’s paper about the work was accepted 
by two conferences and one publication, Song says.

Song says visualization has enormous potential in ecology, 
which requires vast troves of data to help researchers grasp the 
complex interrelationships of plants, animals, climate, and 
terrain—from the microscopic to the global. 

“For ecology, it’s really hard to figure out all the factors,” Song 
says. “For example, let’s say we want to know how climate change 
will affect a forest. If I put in one degree of temperature increase, 
what will that do to the different types of vegetation? How will 
different forests relocate over time as some species disappear or 
invasive species come into the system? All of this we can predict, 
but if you don’t have visualization you can’t see it. And if we want 
to have a plan, we can basically realize it on the computer. And 
this is not only educational. It’s like playing a game. But it’s a game 
that provides ecological knowledge.”

THE HURRICANES IN GENES
For Alex Feltus, the name of the game is how to feed a hungry 

world. Feltus studies how genes interact, primarily in food plants 
such as corn, rice, and soybeans. “I try to find little sets of genes 
that are important for the crop, for bigger rice grains or increased 
drought tolerance, for example,” he says.

UNDERSTANDING A TREE FOR A FOREST
FOR EIGHT WEEKS LAST SUMMER, SONG’S LAB SCANNED A SINGLE SYCAMORE TREE, TAKING 
MEASUREMENTS TO CALCULATE THE TREE’S CHANGING VOLUME AS IT DROPPED LEAVES. 
PRECISE DATA REGARDING SPECIFIC SPECIES WILL HELP RESEARCHERS MAKE ACCURATE 
PREDICTIONS ABOUT LARGER ISSUES, LIKE HOW VEGETATION WILL FARE IN THE FACE OF 
CLIMATE CHANGE.
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VISUALIZATION HAS ENORMOUS POTENTIAL IN ECOLOGY, WHICH 
REQUIRES VAST TROVES OF DATA TO HELP RESEARCHERS GRASP THE 
COMPLEX INTERRELATIONSHIPS OF PLANTS, ANIMALS, CLIMATE, AND 
TERRAIN—FROM THE MICROSCOPIC TO THE GLOBAL.
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Because he’s typically looking for interactions among some 
fifty thousand genes or more, the patterns are exceedingly 
complex. He compares the task to what meteorologists face when 
they model the weather. “I’m trying to do the weather patterns of 
gene interactions,” he says. “I’m trying to find the little hurricanes. 
I’ve reached the point where I can’t even understand what I’m 
doing unless I can visualize it in some way.”

The need for visualization led Feltus to Melissa Smith 
in electrical and computer engineering, and to Smith’s Ph.D. 
student, Karan Sapra. Smith’s lab has found that when it comes 
to visualization, GPUs can often supply the primary brainpower, 
cranking through data faster and better than a CPU, a computer’s 
central processing chip. But to render the images of science 
instead of, say, a high-speed car chase, GPUs also need special 
instructions. For the genetics research Feltus is doing, that means 
writing software to access the data and take advantage of the GPU.

“I work with Melissa to develop visualization tools using 
GPUs, which are chips that were invented for video games,” 
Feltus says. “Now those chips are providing the infrastructure for 
visualizing complex scientific data, too.”

Genetics is complex not only because of how its puzzle pieces 
fit together, but also because that puzzle changes over time. As 
an organism develops, thousands of genes get turned on or off 
at various moments, in various ways. “They’re little switches,” 
Feltus says. “When you put a seed in the ground for a rice plant, 
the genes are activated. It starts to grow stems and leaves, and 
eventually flowers and produces more seed. There might be 
thousands of genes that affect yield, but there are two of them, 
or maybe a hundred of them, that are important. The goal is to 
breed the right rice plants together to get the right combinations 
of genes and alleles.” 

He shares a link to an animation showing networks of genes 
connecting in nodes over time. The image is lovely, and unfolds 
like something organic and living, but it is not a video. It is an 
animation revealing the deep connections in huge arrays of data, 
showing Feltus the relations of genes. 

The networks are so complex that even with visualization 
they can overwhelm the eye. For the REU program, Feltus and 
his colleagues worked with two students, Kathleen Kyle from 
Florida State University and Amari Lewis from Winston-Salem 
State University, to map the nodes into simpler shapes that could 
serve to highlight points of interest.

“It’s a new way of doing biology,” Feltus says of visualization. 
“People have always studied biological systems. Aristotle studied 
biological systems, but he couldn’t see the genes. Mendel couldn’t 
see the genes; he could only see the phenotype.”

It is the seeing, Feltus says, that makes the data meaningful. 
To explain, he returns to the weather analogy. “If you could have 
Doppler radar for every location in every state, then you could 

really get high-resolution views of a complex system,” he says. That’s 
the general idea behind his high-resolution views of genetics.

Like many of his colleagues in visualization, Feltus uses the 
Palmetto cluster for the high-performance computing necessary 
for his genetics research. As chair of the cluster’s faculty advisory 
board, Feltus has seen the wide range of applications for extracting 
trends and patterns from the massive arrays of information known 
as big data.

“When we get together, and I meet with all the researchers, 
everybody’s doing completely different stuff,” he says. “Side by 
side with my genomics work you see people modeling how fire 
propagates, or doing remote surgery and processing the images. 
Economic data is going through there—all sorts of stuff. So in all 
of these different fields, computers have opened up the possibility 
of studying an entire complex system, not just one tiny part of the 
system. So you can go to the computer and model what you think 
is going to happen before you actually do a physical experiment, to 
get predictions of the outcome. It’s pretty amazing.”

I ask him if visualization will help the public better understand 
the science of genetics, climate, or any other complex system.

“I think it could help people accept the fact that things are 
complex,” he says. “It’s like seeing the Earth from the moon. 
You’re not just describing it for someone who has never seen it. 
You are seeing it in a whole new way.”

Andrew S. Mount is a research associate professor with joint 
appointments in the Department of Biological Sciences, College 
of Agriculture, Forestry and Life Sciences, and in the School of 
Materials Science and Engineering, College of Engineering and Science. 
He founded and directs the Okeanos Research Laboratory.

Qiushi Chen is an assistant professor of civil engineering and 
Ronald Andrus is a professor of civil engineering in the College 
of Engineering and Science.

Gabriel Hankins is an assistant professor of digital humanities in 
the College of Architecture, Arts and Humanities.
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“It's a new way of doing biology,” Feltus says of visualizations 
like these, that reveal networks of genes.



                                            NOT SO LONG AGO, serious science         
                                   didn’t truck with the fanciful fictions 
                         of movies and games. Things have changed. 
                 Today, the realms of fact and fiction share a 
        toolkit and the experts who know how to use it.
Joshua Levine and Donald House are two of those experts—

computer scientists who, in the course of their careers, have 
worked both sides of the street. 

House developed a method of choice for simulating woven 
cloth in digital animations, and you’ve probably watched the 
drape and flow of his work in popular games and films. But he 
also understands scientific research. He has studied the science 
of depth vision in frogs and toads, research that inspired a 
3-D graphics system called Jabka. And at Clemson these days, 
his collaborators are mostly scientists. With support from the 
National Science Foundation, he works with the National 
Hurricane Center to improve how hurricane predictions are 
rendered, to help emergency managers and the public make good 
decisions when a hurricane’s coming to call.

Levine has teamed up with Robert Geist, a computer 
graphics wizard known for his work on films such as The Hobbit: 
An Unexpected Journey, to simulate fractures, as in shattered glass 
or cracking stone (see Glimpse Spring 2013). Geist and Levine 
are using a particle-based approach, meaning that they compose 
the material from a carefully constructed array of points—or 
particles—set to move around in space. Once the researchers work 
out the geometry, and the points are all moving as planned, the 
computer can flesh out the fragments of glass or stone, or most 
any other breakable material. 

“We want to make something that looks good, that you’d be 
able to use in a movie,” Levine says. 

Meanwhile, Levine is taking the project in a very different 
direction, developing tools that scientists could use to input and 
model their data, applying the particle-based approach. “We 
use a similar toolset,” Levine says, “but the graphics folks are 
focusing on the entertainment industry, and I’m focused on the 
scientists.”

This kind of back-and-forth across the great divide of fantasy 
and science has become business as usual, Levine says. Computer 
graphics types scan the literature of science and technology 
for breakthroughs they can use to amp up the atmosphere and 
action in their animated films and games. Then scientists figure 
out a way to put those graphic innovations to work in their 
research, through data visualization. 

A BLIZZARD, FLAKE BY FLAKE
The visualization field got its start during the mid-80s, 

Levine explains, and gained official recognition from an NSF 
report published in 1987. People working with the national 

research laboratories, and with the Department of Energy in 
particular, took an interest in tools that could tap into the 
power of the computer graphics technologies transforming 
modern entertainment. “People at the labs were asking, ‘Can 
we do things that benefit not just games and movies but actually 
forward scientific progress?’” Levine says.

The answer turned out to be yes. Data visualization has 
become, in one generation, a considerable asset for modern 
science. That’s because big science often means big data. If you’re 
parsing a genome or predicting the impact of climate change, for 
example, you’ll have to grope your way through a blizzard of data. 
Visualization can help you navigate the storm and make sense of 
its patterns, right down to the shape of each snowflake.

But to make those patterns clear, you’ll have to do the 
math. And you’ll have to understand the nature of human visual 
perception.

Donald House can do both. He has learned not only how 
math can weave cloth but how our brains weave an image from 
the light beaming in through our eyes. In many ways, what we 
actually see when we look at the world is a fiction, he says. Our 
visual system picks up the contrasting patterns of incoming light, 
and our brains construct a scene using memory and imagination. 
So even when we’re climbing a staircase or petting the dog, the 
realms of fact and fiction converge.

“Everything you see, you’re actually constructing in your 
mind,” House explains. “It’s not like a movie running in your 
head. Your eyes are constantly moving around and exploring, and 
through that exploration you’re building up this image of what 
you see.”

So when House works on a scientific visualization, he keeps 
the nature of human perception in mind. “One of the keys to 
visualization is understanding that contrast is what people are 
reading,” he says. “So when you enhance contrast, you enhance 
legibility.”

Take medical imaging, for instance. Using data from CAT 
scans or MRIs, House and his students are trying to improve 
the rendering of medical images so that it’s easier to see features 
of interest. “If you’re looking at bones inside a body, you might 
want to render the musculature so you can see where the muscles 
are in relation to the bone, and you might also want to see 
the bone,” House explains. “So you have one thing in front of 
another.”

The usual fix for this problem is to give the tissues on top 
some transparency in the image. “The problem with that is that 
it’s very hard to see clearly the shapes of the bone surfaces and 
the muscle surfaces, because they’re over the top of each other,” 
House says. “So we’re looking at ways of putting texture on the 
surface, a kind of pattern that makes it easier to see how the 
surface is curving in and out.”

WHERE SCIENCE AND 
FICTION CROSS PATHS
                         BY NEIL CAUDLE
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He faces a similar 
challenge when he works 
on tools for hurricane 
prediction. The path and 
strength of a hurricane 
are uncertain, and the 
uncertainty increases with 
time. “The hurricane may 
look like it’s heading right 
for Charleston,” House 
explains, “but actually it 
might hit the Outer Banks. 
So people in the Outer 
Banks need to be aware of 
what chance there is that the 
hurricane may hit up there.”

The trick is to layer uncertainty into the visualization 
without making the image cluttered and confusing. That means 
carefully selecting the data that yield an accurate, meaningful 
contrast, House says.

A GLUT OF GRANULARITY
For today’s scientific research, with its enormous data sets 

and models that incorporate multiple simulations, finding a 
meaningful contrast is easier said than done. Sometimes, there’s 
too much data, too many flakes in the blizzard.

This kind of overload is relatively new. A decade ago, Levine 
says, the problem in science was how to find enough computing 
power to generate the data at the appropriate scale to understand 
the subject of study. But as computing power increased, so did 
the data. Exponentially.

“Ten years ago, if you ran a climate simulation, for example, 
you might have been getting granularity of every fifty kilometers,” 
Levine says. “So every fifty kilometers, you knew what the 
temperature was. Now we can get the data at much, much finer 
resolution. The problem is, the resolution is too high. We’re 
generating more data than we ever thought possible, and the 
visualization tools are trying to cope with it.”

So the new challenge facing researchers like House and 
Levine is how to find ways to glean the data that are truly 
important and leave out the stuff that’s less relevant.

Levine’s work with Alex Feltus and Ph.D. student Karan 
Sapra is one example (see “How to Unwrap the Unseen,” 
page 28). Feltus, a geneticist, is sorting through thousands of 
plant genes to decide whether pairs of sequences are similar 
or different. “What comes out of that simulation is a kind of 
element-by-element comparison,” Levine says, “and they’re trying 
to see what that comparison looks like, in the grand scheme of 
things.”

In genetics, that means reaching into a thicket of data and 
pulling out a few tiny morsels of meaning. By one school of 
thought, you can manage this kind of sorting with something 
called machine learning, which involves programming a 
computer to figure out what to keep and what to throw away. But 
visualization keeps the human being in the loop, Levine says, and 
that can be useful.

“There are things that humans do really well,” he says. “We’re 
really good at picking out patterns, if you present those patterns 
in the right way. So a lot of what visualization is doing now is 
not just processing more and more data, but doing some of that 
summarization.”

WHERE FACT AND FANTASY CONVERGE
Whatever the task, most scientific visualization relies heavily 

on hardware developed primarily for computer graphics and 
video games. Companies such as Nvidia, AMD, and Intel have 
pushed the technology of graphics chips—called GPUs—to such 
speeds and capacities that they now constitute much of our high-
tech processing power, even in the supercomputers scientists use. 
One reason is the GPU’s capacity to handle multiple streams 
of data at once, in parallel; another is that the graphics chips 
tend to consume less power than their cousins, the CPUs. In a 
supercomputing facility, which can sometimes consume enough 
electricity to require its own power plant, the energy savings add 
up.

Because of these advantages, the modern GPU, like the 
human brain, is a place where fact and fantasy cross paths. The 
same hardware that serves the computer graphics side, and the 
fanciful creations of people like Geist, also serves the science side, 
including the data visualizations of House and Levine. (Clemson, 
which has received research support and equipment from Nvidia, 
has been designated an Nvidia GPU Education Center and a GPU 
Research Center.)

It’s a new blend for a new age, and it has opened up a world 
of possibilities for students, so long as they’re willing to take on 
the rigors of math and computer science. The same basic skill set 
can equip them for careers in science, entertainment, or both. Josh 
Levine and Don House are living proof.

I ask House about how he’d made the transition from working 
with filmmakers to working with scientists. Wasn’t that a leap?

 “Here’s the main difference,” he says, laughing: “The people 
making films are trying to do their best to create an illusion of 
reality that isn’t really real. The filmmakers want to show you a 
huge explosion, even though it’s just a firecracker. But the scientists 
want you to do your best to show them the data without changing 
anything. They don’t want anything you’ve invented; they just want 
to see the data. So it’s totally the opposite of what the film people 
are doing. It’s all in the audience. It’s all in your point of view.”

Donald H. House is the chair of visual computing 
and Joshua A. Levine is an assistant professor of 
visual computing, both in the School of Computing, 
College of Engineering and Science. Robert M. Geist 
III is a professor in, and currently interim director of 
the School of Computing.
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Levine (left) and House are experts 
in scientific visualization.
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BY THE TIME ANTHONY BERNARDUCCI SITS DOWN AT THE KEYBOARD, 
he’s already received the commission. Sometimes the request is more practical, a 
specific request, usually a capella, choir accompanied by piano, or occasionally even 
orchestral. Sometimes he’s asked to put a particular text to music, or sometimes he’s 
given a more open-ended commission. 

With that sparking him, Bernarducci begins his research. For secular pieces, he’ll 
search public domain poetry, mumbling through it to sound the words aloud. He 
wants something easy, musical, but not too wordy. He wants to avoid cases where 
the diction is too harsh to set to music. For sacred texts, Bernarducci looks for pieces 
that are well known enough in the choral community to be familiar but haven’t been 
overused. 

“Like ‘Ave Maria,’” Bernarducci says. 

Bernarducci’s love of composition began at age twelve or thirteen, he says, when his 
parents gave him a Yamaha keyboard. He played with recording beats and experi-
mented with sounds while taking lessons, emulating pieces he liked to discover his 
own unique style.

As an undergrad, he attended Westminster Choir College, where he immersed him-
self in the choral world. His undergraduate degree, he says, was both grueling and 
competitive. “You’re not only learning how to be an expert on an instrument, which 
can be quite a task, but you’re also learning music theory, music history, and you’re 
studying general education.” 

After completing a master’s degree in conducting at the University of Arizona, 
he went on to teach high school. There he wrote his first composition, “Stepping 
Through.” It’s still performed every year. Even though the students may no longer 
know him, his music still creates a buzz and emotional response. “The idea of the 
piece,” Bernarducci says, “reaching that moment where you get to sing it at the gradu-
ation ceremony, still resonates with them. 

“As an educator and as a conductor, I feel like I have an advantage when I compose 
for a choir,” Bernarducci says, “because I can always try to think about the educa-
tional value of a piece of music, what can be drawn from it in a classroom, and as 
I’m writing I’m also thinking about ranges, and I’m thinking about how the singers 
are going to find their pitches in this entrance or what leaps or skips might be easily 
done or not easily done.”

m  B Y  J E M M A  E V E R Y H O P E - R O S E R   n

Portrait of a Composer
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BERNARDUCCI TRIES TO BALANCE HIS MUSIC, 
making it attainable and yet having sections that singers may 
need to spend more time with. He thinks about what he’d pick 
if he were to teach it, why he’d pick it, and what singers can gain 
from singing a piece. “Whether it’s understanding poetry, con-
necting to an ancient text, learning a Gregorian chant, I try to 
keep all of those aspects in mind as I’m composing, especially if 
I’m composing for a particular level.” 

If he’s writing a piece for a college choir, for example, he 
wants to make sure it holds enough challenge to captivate the 
singers. But for a high school choir, he might take care that 
younger singers have a chance at mastery.

“I try to think about who my audience is and keep that idea 
consistent,” Bernarducci says. 

Five years into teaching 
high school, Bernarducci and 
his wife began considering the 
ramifications of starting a family, 
and Bernarducci realized that if 
he wanted to take his education 
to the next level in graduate 
school, this would be his now-or-
never moment.

His family picked up and 
moved to Tallahassee, Florida, 
where he started his doctorate at 
Florida State. Graduate work, he 
says, builds an already huge skill 
set even higher, and in addition, 
“There’s a great deal of research 
involved, whether it’s historical, 
analytic, or experimental. The 
music field itself has more sub-
stance than people realize.”

There, Bernarducci wrote 
“When Roses Cease to Bloom,” 
his take on an Emily Dickinson 
poem. It was the first piece he 
wrote that he did not conduct. 
Emily Dickinson’s poetry, as well 
as Christina Rossetti’s, are both 
very popular for choral music, 
and Bernarducci finds much 
of their work to be innately 
musical. The only line he found 
particularly troublesome was “when bumblebees fly.” The line 
“idling in Auburn,” however, inspired an “ostinato,” or a repeat-
ing pattern, that carried throughout the section. Sometimes, Ber-
narducci says, a single word, like “idle,” can compel him to come 
up with a technique that will work for the text. 

Completing his doctorate, Bernarducci moved his family up 
to South Carolina. His time at Clemson marks the beginning of 
a very productive phase. While Bernarducci says that he can go a 
long time between writing pieces, once he gets an idea, obsession 
seizes him. 

“I’m not very good at letting it sit for a week or two and 
then coming back to it. I will take breaks from the composing 

process on purpose. Over a weekend I’ll leave everything in my 
office. Sometimes I do need a little space because if you push 
it too far, you can wind up forcing things to happen that aren’t 
natural.”

Since coming to Clemson this past fall, he says things have 
taken off, especially with his well-received “Veni Creator Spiri-
tus,” and recently he’s been doing more work with Latin texts.

When Bernarducci has the text he’s going to put to music, 
he says, “Normally, my process is to spend time with the text. If 
it’s a poem, I’ll read it for quite some time and try to understand 
it for myself. I talk to people in the English department, to gather 
as many interpretations as possible.”

To discover the text’s natural rhythm, Bernarducci spends 
some time speaking it aloud. He 
notates rhythms where he hears 
them in the text’s natural flow.

Then, Bernarducci sketches 
how he might “sectionalize” the 
piece. Whether it’s in verse or 
free form, Bernarducci searches 
to differentiate the portions that 
can use the same music from 
those that can’t. “Once I make a 
rough sketch I can use as a base-
line,” Bernarducci says, “then I 
might as well get going.” 

A melody is his next step. 
He sits down at his keyboard 
and, “I just start making things 
up until one little motive might 
stick,” Bernarducci says. “I 
know when I have it right when 
I can do it the same way every 
time. Then I’m not tweaking it 
anymore.” 

After Bernarducci has a mel-
ody, he’ll harmonize it. He says, 
“If it’s a mixed choir texture, for 
example, I might flip the melody 
up and put it into different voice 
parts and things like that.” 

Moving from his piano key-
board to his computer keyboard, 
Bernarducci inputs the pencil-
scribbled score into his music 

notation software. The MIDI-generated sounds give him, he says, 
a better idea of how voice pitches sustain, because piano pitches 
disappear so quickly it’s hard for him to hear how they mesh. 

But his work’s not done there. Now revisions begin. He 
moves between computer keyboard and piano keyboard, clean 
electronic copy and messy handwritten copy, changing notes, add-
ing notes, altering voice leading, and more.

When that’s done, he prints off a clean copy, takes it away 
from both of his keyboards, to get a visual overview of the music.

“I’ll sing each voice part myself,” Bernarducci says. “If I have 
any trouble singing a voice part, then I’ll know that something in 
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there could be changed that could make it easier. I’ll look for any 
communicable indications I missed or should have put in.” 

He does general editing, repeating this process until it meets 
his satisfaction and “it’s smooth and working together.”

That could be just for the first section of the music. The 
whole rest of the piece awaits. Sometimes to create a tricky 
section, Bernarducci will take the piece away from both his key-
boards yet again, singing through it and searching for “motives 
that might be hidden within the music that could be trans-
formed into a whole new section of music.” This could be a few 
notes or pitches or rhythms that can be expanded upon to make 
something larger. 

“I find the motives that are in a section of music that I 
wrote, so it’s new music but it’s 
related,” Bernarducci explains, “so it 
works in transition.” 

For “Veni Creator Spiritus,” 
published with Hinshaw Music, Ber-
narducci tried to approach the com-
position with techniques that would 
make it sound ancient to the ear, 
“like drones, or perfect intervals, 
or with the mixed meter,” and he 
incorporated the original Gregorian 
chant tune with a modern harmoni-
zation. “This resulted in,” he says, “a 
mixed-meter piece, so it may start in 
four-four, four beats to the measure, 
but the next measure might have a 
new time signature, and the next 
measure might have one too.” 

Before a composition goes near 
a choir, Bernarducci must show it to 
his critics. His wife is his first—and 
his hardest—critic. Bernarducci says, 
“But she tells me the truth, which 
I appreciate. Sometimes, even after 
eight years, it’s still hard to hear.” 

After acquiring essential 
feedback from his wife, Bernarducci 
hands the composition over to a 
close friend. Subsequently he may 
show it to others to garner their 
thoughts. 

“I always show it to a couple of 
people before letting it out,” he says.

Bernarducci likens hearing a composition being performed 
live to meeting someone you’ve talked with over the phone for 
quite some time, and finally being able to shake their hand. “I 
know the piece very well by the time it’s composed. But there’s 
something about having it be put onto the human voice, and real 
performers, and seeing the natural musicality come out of them 
that I am not imposing, and that the piano and the computer 
cannot possibly capture. It’s just wonderful.”

He says every time that happens, something about the 
performers’ interpretation surprises him. Earlier in his career, 
that made him nervous and he worried he wasn’t writing enough 

direction into his music. But later, he adopted the standpoint 
that this was actually a good thing, because it means his music 
has enough to it that it can be interpreted, and as Bernarducci 
says, “that a person can feel it in a different way than I do.”

Although Bernarducci tries to attend the first performance 
of his compositions, he doesn’t always get the chance, because his 
pieces are performed around the country. 

“The most humbling moment was when I was at the Ameri-
can Choral Directors Association, the ACDA,” Bernarducci says. 
There, several hundred high school students from across the 
nation gathered to audition for the choir—and they performed 
“Veni Creator Spiritus” twice. The house was packed with choral 
directors. “It was vulnerable for me, not knowing if people were 

going to take to the piece.” 
But people did, and since 

then it’s been performed across the 
nation. 

“With that piece I am very 
happy,” Bernarducci says. He was 
also able to hear it sung in Atlanta 
by the St. Olaf’s Choir during its 
winter tour. “That was a spectacular 
moment. The St. Olaf Choir is, argu-
ably, one of the best choirs in the 
country. To see this piece performed 
at such a high level was very amaz-
ing.”

Anton Armstrong, the conduc-
tor, brought Bernarducci backstage 
before the concert, and Bernarducci 
had the chance to speak to the choir. 
Bernarducci describes it as “an 
honor to even be on the program,” 
and when Armstrong asked for more 
of Bernarducci’s music, Bernarducci 
wrote a new setting of the Tennyson 
poem “Crossing the Bar.”

He’s followed that up with 
“Dies Sanctificatus” and “Pordia 
Domini Misericordias Domini.” He’s 
looking forward to “Winter Roses,” 
coming out in January with Hinshaw 
Music, which is for a women’s 
chorus accompanied by piano. And 
right now he’s working on a commis-
sion for a full orchestra and mixed 
choir.

Usually Bernarducci’s choral 
pieces are between three to four minutes. When he’s not working 
under a deadline, completing compositions of that length takes him 
one or two months. 

“It’s difficult, because when you’re creating a new piece of mu-
sic, a composition, or you finish a concert after months and months 
of practice, there’s this personal stance to it,” Bernarducci says. 
“There’s so much skill involved, so much emotion, so much hard 
work. It’s a complete human experience.” 

Anthony Bernarducci is the assistant director of choral activities at 
Clemson University, where he conducts the men’s chorus. He is an active 
composer. Visit www.anthonybernarducci.com for more information. 

Jemma Everyhope-Roser is the interim editor of Glimpse. 

BERNARDUCCI LIKENS 

HEARING A COMPOSITION 

BEING PERFORMED LIVE 

TO MEETING SOMEONE 

YOU’VE TALKED WITH 

OVER THE PHONE FOR 

QUITE SOME TIME, AND 

FINALLY BEING ABLE TO 

SHAKE THEIR HAND.
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Clemson University researchers combine science and 
detective work as they piece together clues, cell by cell, 
to solve a genetic puzzle behind an increasingly common 

disorder that alters a child’s social interactions, behavior, 
emotions, and learning. 

Autism Spectrum Disorder (ASD) affects one in every sixty-
eight children in the U.S., according to the Centers for Disease 
Control, yet its cause remains shrouded in myth and mystery. 
ASD is five times more prevalent in males than females, and is 
found across all class and ethnic lines. And the numbers are on 
the rise, the CDC reports.

Public awareness of the autism spectrum is growing. A 
boy with Asperger’s syndrome, a form of autism, was a main 
character in NBC’s hit show Parenthood. A recent New York Times 
article alludes to numerous well-known personalities possibly 
being “on the spectrum.” At the same time, misunderstandings 
of the various disorders that fall under the umbrella of ASD 
abound. The South Carolina Autism Society has a Web page 
to rebut the myths: Autism is a developmental disorder; it is 
not a mental illness. These are not unruly kids who choose to 
misbehave. And autism is not caused by bad parenting. 

We don’t know exactly what causes autism. And we don’t 
know why we’re seeing more of it. It could be solely due to 
greater awareness and better diagnosis. However, the CDC 
doesn’t rule out the possibility that there’s something more 
behind the increasing number of people with ASD. 

By discovering the causes, researchers at Clemson 

University and the Greenwood Genetic Center hope to develop 
more definitive diagnostic tools and biologically specific 
treatment, says Kevin Champaigne, a research assistant professor 
of bioengineering. Champaigne is one of several Clemson 
researchers working with Greenwood Genetic Center scientists 
and clinicians to delve into the mystery of ASD. 

“We are trying to investigate differences at the cellular level 
that are part of ASD,” Champaigne says. “If we can discover the 
differences between cell lines of children with ASD and typically 
developing children, we might be able to develop a diagnostic test 
or a treatment and potentially understand the underlying cause.”

One difference is in the utilization of tryptophan, an 
essential amino acid in the human diet found in foods ranging 
from turkey to chocolate. Researchers exposed cell lines from 
children with and without ASD to various energy sources. When 
tryptophan was the only energy source provided, cells from 
patients with ASD showed a lower metabolic rate, Champaigne 
says. The researchers want to know why.

Perhaps a molecular defect affects tryptophan utilization, 
says Chin-Fu Chen, an assistant research scientist at Greenwood 
Genetic Center who works with Champaigne.

The team also includes Delphine Dean, Clemson’s Gregg-
Graniteville Associate Professor of bioengineering; Greenwood 
Genetic Center faculty member Luigi Boccuto, an assistant 
research scientist who heads the team; and Charles Schwartz, 
research director at the center. They make up one of five 
multidisciplinary research teams, composed of Clemson and 

A deeper understanding of genetics may unlock autism’s mysteries 
IN RESEARCHING THE CAUSES OF AUTISM, SCIENTISTS HOPE TO GIVE A COMMUNITY NEW OPTIONS

by Anna Simon
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Greenwood Genetic Center scientists and clinicians, conducting 
studies related to autism.

A COMPLICATED CONDITION
Unlocking the mystery behind the genetic disorder “is a 

critical challenge that can improve the lives of patients and their 
families,” Boccuto says. 

Advocates for people with ASD point out that autism 
is not always a problem in need of a cure. For some, autism 
endows special gifts of intellect or creativity. Many individuals, 
and their families, are simply happy with themselves as they 
are. But for others, ASD impairs basic function. So there is no 
one-size-fits-all approach to diagnosis and treatment, researchers 
say. Yet everyone seems to agree that we need more research to 
understand ASD’s causes and to offer better options for helping 
people on the spectrum function in their families, their schools, 
and their society.

Why do the cells from patients with 
ASD metabolize tryptophan differently? 
One area of interest is mitochondrial 
function, which has been associated with 
ASD in multiple studies, Champaigne 
says. Mitochondria are the powerhouse of 
the cell. They provide energy and regulate 
the cellular metabolism. The researchers 
want to know if mitochondria play any 
role.

“If we can understand the 
mechanism and learn whether it is related 
to diet and nutrition, environment, 
genetics, or a combination of those 
factors, we may be able to reduce the 
prevalence of ASD,” Champaigne says.

Understanding why patients with ASD use tryptophan 
less efficiently could lead to new treatments, Schwartz says, and 
it also could lead to a diagnostic blood test. First researchers 
must learn whether the difference is specific to patients with 
ASD or if it shows up in patients with other developmental 
disorders, such as ADHD. If it’s consistent only in patients with 
ASD, the difference could be used as a biological marker in the 
development of a blood test to give doctors a more definitive 
diagnostic tool and identify at-risk children earlier in life, 
Schwartz says.

Several of the teams are working toward development of a 
blood test, and for good reason. 

“Most of the time diagnoses now are based on behavior. If 
we can detect indications based on the metabolic signs, it should 
have an impact in earlier diagnosis and treatment,” says Anand 
Srivastava, a senior research scientist and associate director of the 
Center for Molecular Studies at the Greenwood Genetic Center 
and an adjunct professor of genetics and biochemistry.

The earlier treatment starts the more effective the 
intervention can be, and that has a lifelong effect on the patient, 
says Feng Luo, an associate professor in Clemson’s School 
of Computing, who is a part of the research team headed by 
Srivastava.

In order to understand the mechanism that causes ASD, 
the researchers have examined hundreds of metabolites—
small molecules in the cell tissue, such as lipids, nucleotides, 
carbohydrates, and amino acids—and have identified more 
than twenty-five metabolites that differ in children with ASD 
compared with typically developing children, Srivastava says. 
These metabolic differences also could be used as potential 
biomarkers in development of a blood test. 

Srivastava is after another big piece of the puzzle as well: Are 
the metabolic differences caused by ASD, or do they cause ASD? 
Srivastava wants to know, he says, because “If it is causing ASD, 
then researchers could be on the road to preventing ASD.”

Srivastava and his coinvestigators Luo and Liangjiang Wang, 
an associate professor of genetics and biochemistry, also are 
trying to capture disturbances in ASD at the transcription level. 
The team is elucidating contributions of long noncoding RNA 
genes and protein-coding genes in ASD to better understand the 

pathogenesis of ASD and to identify biomarkers for ASD.

UNDERSTANDING TOXIC STRESS
Toxicologist Bill Baldwin, a professor of biological sciences at 

Clemson, suspects that exposure to chemicals in the environment 
or a poor diet plays a role in the increased occurrence of ASD. 
Baldwin and biological sciences professor Charles D. Rice, 
along with Boccuto and Schwartz, are comparing cells of autistic 
patients with a control group to see if toxic chemicals figure into 
the altered metabolism of tryptophan. 

Baldwin’s starting point is the work Schwartz has done 
on differences in metabolizing tryptophan. Tryptophan makes 
NAD and NADH, which are part of the electron transport chain 
and carry electrons needed to make the high-energy molecule 
ATP in our bodies, Baldwin explains. The process occurs in 
the mitochondria. Baldwin is investigating whether a toxic 
component is obstructing mitochondrial function.

Toxic chemicals contribute to rising rates of other 
conditions, including obesity and reproductive disease in males, 
so perhaps a toxic component is interacting with genetics to fuel 
the increase in ASD, Baldwin says. 

“The person who has autism probably has a genetic defect, 
but if it wasn’t for exposure to a toxic chemical or a really poor 
diet, this autism may not show,” Baldwin says.

If successful, this would 
open the door to new 
research that could offer a 
new level of treatment for 
patients with ASD.
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Baldwin wants to find out if mitochondria are more sensitive 
in patients with autism than in other individuals. The research 
team has isolated cell lines from seventeen patients. First, they’re 
comparing the sensitivity of the cells of patients with ASD to 
those without ASD. Next, they’ll add toxicants to the cells to see 
whether mitochondria of cells of patients with ASD are more 
sensitive to the oxidative stress caused by substances ranging 
from polyunsaturated fats in our diet to toxic chemicals in the 
environment, Baldwin says.

If oxidative stress is a factor, “maybe changes can be made 
in the patient’s diet or in pregnant and breastfeeding mothers’ 
diets,” Baldwin says. “Perhaps certain antioxidants can be added 
to the diet to provide more protection.” This “may not get rid of 

autism but certainly can help the patients and the families that 
are susceptible to autism.”

Modi Wetzler’s work is slightly different. Wetzler, a 
research assistant professor of chemistry, is interested in brain 
development, synapses, and a substance called N-modified 
creatine. He is working with Sue Chapman, an associate 
professor of biological sciences, and Schwartz on a project aimed 
at treating an X-linked intellectual disability with autistic features, 
not autism itself.

About 1 percent of Americans suffer from X-linked 
intellectual disabilities. The team is studying a specific X-linked 
problem, called creatine transporter deficiency, that affects an 
estimated 50,000 Americans, Wetzler says. Creatine, an amino 
acid that provides the burst of energy needed for the cell to do 
its job, can’t get from the bloodstream to the brain in individuals 
with this deficiency. Protein transporters aren’t able to carry it 
across the blood-brain barrier.

“If you could make a substance that mimics creatine that 
can cross the blood-brain barrier by itself instead of having to 
be carried by a transporter, then you could treat the underlying 
cause of the intellectual disability as opposed to treating just the 
symptoms with medication such as mood-altering drugs,” Wetzler 
says. 

Although the idea isn’t new, the Clemson and Greenwood 
Genetic Center researchers are using a different approach that is 
currently in the patenting process. 

“Historically there is basically no treatment of any X-linked 
intellectual disability. Instead of treating the cause, they treat 
the symptoms with medications not related to the intellectual 
disability. It improves the manageability and quality of life for 
the patient and caretakers, but you aren’t treating the underlying 
cause of the disability,” Wetzler says.

The various collaborative studies of cellular differences and 
mitochondrial function could open up enormous possibilities for 
treating ASD, Schwartz says. 

He envisions development of a treatment that can be 
applied to the patient’s cells to 
normalize them, just as insulin 
helps diabetic patients normalize 
their blood sugar levels or 
blood pressure medications 
help regulate patients with high 
blood pressure.

“If successful, this would 
open the door to new research 
that could offer a new level 
of treatment for patients with 
ASD,” Schwartz says.

Kevin Champaigne is a research 
assistant professor of bioengineering 
at Clemson University; Chin-Fu 
Chen is an assistant research 

scientist at the Greenwood Genetic Center; Luigi Boccuto is an assistant 
research scientist at the Greenwood Genetic Center; Charles Schwartz 
is the director of research at the Greenwood Genetic Center; Anand 
Srivastava is a senior research scientist and associate director of the 
Center for Molecular Studies at the Greenwood Genetic Center and an 
adjunct professor of genetics and biochemistry; Feng Luo is an associate 
professor in Clemson’s School of Computing; Bill Baldwin is a professor 
of biological sciences at Clemson; and Modi Wetzler is a research 
assistant professor of chemistry at Clemson. Anna Simon is a freelance 
writer based in Pendleton, South Carolina.

Everyone seems to 
agree that we need more 
research to understand 
ASD’s causes and to offer 
better options for helping 
people on the spectrum 
function in their families, 
their schools, and their 
society.
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A Clemson scientist 

and his family spend three months 

exploring the Appalachian Mountains —

for the sake of conservation.

story by Jim Melvin
photos by Rob Baldwin
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DURING HIS DISTINGUISHED CAREER 
as a conservation scientist, Rob Baldwin had 
hiked in the wilderness many times and savored 
the wonders of nature firsthand. But nothing he 
had ever experienced rivaled this. 

On a flawless day in early fall, Baldwin stood 
motionless on the peak of a mountain in Quebec 
and reveled in the beauty of his surroundings. 
The sky—so perfect it lacked even the slightest 
wisp of cloud—arced around him like a deep blue 
dome. The crisp air felt enchantingly hushed, as 
if it too were in awe. A herd of antlered caribou 
surrounded him, heedless of his presence.

Baldwin knew that moments like these were 
rare and regretfully brief. If you overstayed 
your welcome, they lost their allure. So he left 
the mountaintop and slowly wound his way 
downward among a jumble of ancient boulders. 
Even then his wonder lingered, like dust on a 
well-worn jacket. When he finally reached his 
campsite, his family greeted him.

“Where’ve you been for so long?” his wife said. 
“The kids and I were worried.”

Baldwin had no answer, other than to smile.
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A journey to remember

Baldwin, an associate professor of conservation biology 
and geographical information systems, has spent much of his 
career studying the fragmentation of wildlife habitats in North 
America. Because of this splintering—caused largely by human 
development such as cities, roads, and farms—many animals have 
lost their freedom to roam within and between their natural 
ranges. This disturbing lack of mobility and resulting inability to 
intermingle has had a devastating effect on a plethora of species.

One of Baldwin’s more important avenues of research 
has been working with colleague Paul Leonard to redesign and 
enhance state-of-the-art habitat connectivity maps that can be 
paired with satellite imagery to display corridors that could be 
used by animal populations (page 67). These maps provide public 
and private decision makers with highly detailed information 
about what areas are more valuable than others when it comes to 
reestablishing and fortifying these essential passageways.

In a recently published research article, “Interacting Social 
and Environmental Predictors for the Spatial Distribution of 
Conservation Lands,” joint authors Baldwin and Leonard exam-
ine the existing distribution of conservation easements in the 
Appalachians. This ancient series of mountains, which extends 
from Alabama to northeastern Canada before plunging into the 
Atlantic Ocean and resurfacing in parts of Europe and Africa, 
has a long and complex history of human development and 
land use. Though relatively large swaths of the mountains and 
surrounding valleys are owned by the government and therefore 
publicly protected, the majority of the land is privately owned, 
especially in the lower elevations. 

Because of this, conservation easements are extremely im-
portant. These legally binding restrictions, which are placed on 
pieces of private property to protect the lands for future genera-
tions, are either voluntarily donated or sold by landowners. 

“Is the distribution of these easements driven by social 
factors, such as how people feel about the land?” Baldwin and 
Leonard ask. “Or is it driven by environmental factors? In our 
article, we concluded that it is more driven by social factors. We 
think people protect land that they know and love.” 

Baldwin has been doing research on the article for years. 
And in September 2013, he and his family began a months-long 
sabbatical to test his theories in an experiential manner. Their 
objective? To travel virtually the entire length of the Appala-
chians, starting in Canada. Along the way, they would camp in a 
tent, explore as much of the land as time allowed, and meet with 
local conservationists. 

“I just wanted to get on the ground,” Baldwin says. “I sit 
here in my office and map the stuff at 33,000 feet, and I wanted 
to get out there and see the people who are interested in these 
maps and talk to the decision makers who are using them.”

Baldwin chose the Appalachians because he views them 
as the unifying element for conservation in the eastern United 
States. 

“My wife Betty is also an associate professor at Clemson 
who focuses on the people side of conservation, so we organized 
our sabbaticals to start at the same time,” Baldwin says. “We 
had to spend the summer planning because we were going to 
camp every night. And we also had to do a lot of planning with 
our kids, because we were going to homeschool them along the 
way. There was a lot of prep work, to say the least. But finally, we 
jumped in the car and headed north.” 

Cape Breton, Nova Scotia

On September 3, 2013, Rob, Betty, Ella and Julian (thirteen 
and seven at the time) arrived at Cape Breton, Nova Scotia, 
where they pitched their tent—affectionately called Big Agnes—
on a high, cold plateau with wide-ranging views of the Atlantic 
Ocean. Cape Breton is home to a national park that stretches 
from one side of the island to the other.

“We camped in this spectacular high country,” Bald-
win says. “And we could look out over the mountains right 
down to the ocean, where there were pods of pilot whales in 
the waves—and in the foreground, a moose. And we would                              
hike down to the shore and just sit silently 
and watch.”
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Most of the land in Nova Scotia is owned or leased by 
private timber companies, which feed their mills with the forests. 
The people who live there view these companies with a mixture 
of distrust and acceptance. Only about 12 percent of Nova Scotia 
is publicly owned and protected, but the province’s citizens have 
voted to require the government to increase that total to the 
global target of 17 percent. As you might imagine, the wheeling 
and dealing necessary to achieve such a goal can be complicated.

While in Nova Scotia, Baldwin met with a pair of conser-
vationists—David McKinnon and Peter Bush—who were using 
habitat corridor and biodiversity maps to prioritize which lands 
offered the maximum benefits.

“The overall purpose of the trip, for me, 
was to look at the theme of ‘How does con-
servation happen?’” Baldwin says. “And on 
my first stop, I encountered a classic example. 
Conservationists were working directly with 
private landowners, who in return would 
often provide valuable information. The 
landowners would say, ‘We haven’t cut that 
stand of trees for a hundred and fifty years. 
You should go look at that. We’re willing to 
do a deal, but we really want to keep this area 
over here because we’ve invested a lot in it.’ 
So they are making compromises in Nova 
Scotia that are really practical, while also 
satisfying the needs of the public who want 
more land for outdoor recreation.” 

Gaspé Peninsula, Quebec

After spending about a week in Cape 
Breton, the family traveled across the envi-
ronmentally fragile Chignecto Isthmus to the Gaspé Peninsula in 
eastern Quebec, where Baldwin had his transformative encounter 
with the caribou. 

Like its sister province, Quebec also has an influential 
timber industry. But a much larger percentage of the land is 
publicly owned. Canadians, as a whole, adore the outdoors, and 
the colder it gets, the more they want to commune with nature. 
Cross-country skiers, including young children, will ski from hut 
to hut on the peaks of ragged mountains in eight feet of snow 
when it’s 20 degrees below zero. 

“We saw one young couple biking three hundred miles 
around the peninsula in the rain and cold while towing their 
baby behind them,” Baldwin says. “And here we were driving.” 
He chuckled. “It made us feel really slack.”

Baldwin and his family set up camp in Forillon National 
Park, which is located at the outer tip of the peninsula. The 
managers of the spectacular park impressed Baldwin with their 

enthusiasm and diligence, but he found that not all was positive 
about this remote area of the world.

“Forillon is very isolated, and they do a really nice job there 
of education and conservation. There isn’t much private land ac-
tivity going on up there. And this is true of Quebec, as a whole,” 
Baldwin says. “But there’s an enormous amount of provincial 
land, which is owned by the province and leased to timber compa-
nies. And there are very few people. The timber companies don’t 
do a beauty strip alongside the road. They just harvest for miles. 
There’s a lot of controversy about its effects on the environment. 
But some wildlife do benefit, particularly those that like early 

succession.”
While in Forillon, the family stood within 

a stone’s throw of black bears gorging on 
mountain ash berries. Two months later, they 
watched another population of bears eating the 
same type of berries in the Smoky Mountains.  

“We were in Canada in early September 
watching bears eat the berries,” Baldwin says. 
“Scroll forward about two months, and we saw 
the same thing hundreds of miles south. It 
shows the ecological affinities at both ends of 
the Appalachians.” 

Julian became fascinated with finding the 
colorful piles of mountain ash scat. 

Parc National de la Gaspésie, Quebec

Their final stop in Canada was at Parc 
National de la Gaspésie, a provincial park that 
is near enough to Montreal and Quebec City 
to be a popular outdoor destination for those 
urban folk. The park has several core wilder-

ness areas, but it also has more than its share of logging. Baldwin 
was relieved to find that the multiple uses were managed accord-
ing to a regional conservation and recreation plan. 

In the winter, snow falls so heavily that trail markers have to 
be placed atop ten-foot poles, but the harsh conditions don’t stop 
a small but viable population of woodland caribou from thriving 
there.

“Up in Canada, the mountains are smaller than in the 
southern Appalachians, only about four thousand feet in the 
Chic-Chocs compared with six thousand and above in the Smoky 
Mountains near Clemson,” Baldwin says. “But in these relatively 
small mountains, you get tree lines. And that’s where the caribou 
are—above the tree line. This was another interesting parallel 
with the southern Apps, where elk have been reintroduced. At 
both ends of the spectrum, we have large mammals attempting to 
thrive. We have thousands of people enjoying the wilderness. We 
have multiple uses: timber harvest, trapping, recreation. To me, 
that’s a very hopeful scenario.

 By defining 

the large, 
interconnected areas 
necessary to protect 
current and future 

biodiversity, Baldwin’s 
science can help local groups 
take action to hedge against 
these future uncertainties.
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ON ISLE DE BONAVENTURE IN QUEBEC, 
CONSERVATIONISTS FOUNDED A PROJECT IN THE 
EARLY TWENTIETH CENTURY TO PROTECT THESE 
SEABIRDS FROM EGG PREDATION.

A HUMPBACK WHALE SURFACES TO FEED IN 
THE BAIE DE GASPESIÉ, QUEBEC, NEAR THE 
APPALACHIANS.
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“Throughout the Appalachians, 
we need to take the threat of rapid-onset climate 
change due to human-released carbon dioxide very 
seriously. The experience I had with the caribou may 
not be one my grandchildren can have.”
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“Still, there is a sobering reality,” Baldwin continues. 
“Climate change will ultimately influence those high, fragile 
ecosystems first and most severely. Throughout the Appalachians, 
we need to take the threat of rapid-onset climate change due to 
human-released carbon dioxide very seriously. The experience I 
had with the caribou may not be one my grandchildren can have. 
Or, for that matter, finding fir and spruce on the tops of the 
Smoky Mountains.” 

By defining the large, interconnected areas necessary to pro-
tect current and future biodiversity, Baldwin’s science can help 
local groups take action to hedge against these future uncertainties.  

Surry, Maine

After several weeks of camping in the cold dampness of 
Canada, Baldwin and his family were pleased to return to the 
United States and sleep in real beds in his home state of Maine. 
Here, they gave Big Agnes a brief respite while they stayed with 
members of Baldwin’s family in Surry, a small town about  
45 minutes south of the University of Maine.

During his stay in the state where he was raised and edu-
cated, Baldwin met with a pair of his longtime friends, Malcolm 
Hunter and Aram Calhoun, who are renowned conservation 
scientists. 

Hunter and Calhoun provided another interesting example 
of public and private conservation collaboration. For most of 
their adult lives, they had worked to protect thousands of acres 
of privately owned land. Together, they helped broker deals with 
state government and private industry officials to strategically 
arrange a series of easements and public lands designed to reduce 
the land’s environmental vulnerability and enhance its habitat 
corridors. 

“They’ve used their influence as well-known scientists to 
piece together this huge project that happens to be an area of 
high biodiversity,” Baldwin says. “So we went to their house and 
walked some of the land with them and talked about what moti-
vated them to do this work. And Mac, who has been a professor 
at the University of Maine for about thirty years, said he started 
to work on it back in the ’80s because he loved the place. As he 
hiked there, he realized that few people knew or cared about 
these hills and wetlands in Down East Maine.”

Big changes in land ownership patterns began to occur in 
the late 1980s and continued through the 2000s, with big timber 
companies entering the real estate business by selling lucrative 
parcels of pristine wilderness land. In many areas of the United 
States, mansion-sized vacation homes were being built next to 
ponds and rivers and on the tops of ridges. An important habitat 
corridor connecting coastal and mountain forests was literally in 
Calhoun and Hunter’s backyard. But because of their diligence, 
the majority of the land is now protected. 

“They managed some tricky political maneuvering, informed 
the state legislature, put out a lot of publicity, and, most impor-
tantly, got the major players together at the same table,” Baldwin 
says. “Some of the timber companies were interested because of 
sound management plans that were already in place. That’s what 
a lot of big timber companies are moving toward: ‘How can we 
make conservation part of our bottom line?’ They aren’t willing 
to do it on all their lands. But there are some places that they 
know are important ecologically and that they want to protect. 
And this gives them a viable reason to do this from a corporate 
point of view. In the United States, more than 80 percent of the 
land is in private hands. Conservation cannot progress without 
landowners who are engaged.”

Northern Vermont

After saying goodbye to his relatives, Baldwin and his family 
went to Vermont, a small but vibrant state with a spirited history 
of public engagement in conservation. In many ways, the area’s 
economy is linked to its natural beauty. 

They stayed in several state parks and were pleased to see 
evidence of conservation everywhere. There was an extreme 
public consciousness and sensitivity about the land, with an extra 
emphasis on locally produced foods and other products.

“I was sitting in a coffee shop in Middlebury and a guy 
walked in with this giant mushroom called ‘chicken of the 
woods,’” Baldwin says. “And he sat there while I was drinking 
coffee and negotiated with the coffee shop owner, who ended up 
buying it on the spot for three hundred bucks. ‘Chicken of the 
woods’ mushrooms only grow in mature hardwood forests. And 
so it was interesting to learn that the people of Vermont were 
wild harvesting and making significant money.”

Baldwin visited with Nancy Patch, a county forester who 
works extensively with landowners in northern Vermont. Using 
habitat connectivity maps that Baldwin helped create, Patch 
has been, well, patching together a corridor between northern 
Vermont and Canada.

“When I make these maps, there’s a part of me that’s always 
thinking, ‘Does anyone really use them?’” Baldwin says. “So I was 
excited when Nancy called up a map on her computer screen, 
and it was one that I had worked on with a doctoral student, 
Ryan Perkl, at Clemson.”

Another Vermont conservation scientist named Sue Morse 
has been training landowners and volunteers to hike into the 
wilderness to identify and report animal tracks. This has resulted 
in a vast database of movement habits.

“So you have this army of people tracking lynx, bobcat, 
coyote, and bear. And everyone wants to be the one to find the 
wolf track,” Baldwin says. “And Sue connects them with the ani-
mals. She has the world’s largest traveling collection of pelts from 
mountain lions, wolves, and grizzlies. And she has skulls and 
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skeletons that she lets the kids look at and pick up. To me, that’s 
where a love for conservation begins, when you can get someone 
to actually care.”

The Adirondacks

After their stay in Vermont, the Baldwins left the Appala-
chians for the first time and headed across Lake Champlain to the 
Adirondacks, a ring of remote mountains in northern New York. 
There they spent five days exploring vast blocks of the largest 
wilderness area in the eastern United States.

“We saw extreme, shocking poverty in those mountains,” 
Baldwin says. “You’ll have one really affluent town like Lake 
Placid. And then twenty miles away you’ll have a town where liter-
ally only one out of every ten storefronts is open. This is a huge, 
thinly populated area. They’re talking about wolves showing up in 
the Adirondacks from Canada, and there is a lot of other wildlife, 
as well.”

Western Massachusetts

The family left the deep wilderness behind and traveled to 
western Massachusetts, which, like Vermont, is also intensely 
committed to local conservation. The state contains thousands 
of easements that have been cleverly arranged to protect habitats 
over large areas. And more importantly, most of the easements 
are well managed.

“A problem with easements is making sure they are moni-
tored and protected. And this takes money,” Baldwin says. “So 
people in Massachusetts had some great ideas about how to 
generate this money. For instance, they’re putting small sawmills 
on the easements that are selectively harvesting high-value trees. 
Then they are selling them as local lumber and using those funds 
to support the management of the easements.”

The family spent a week in western Massachusetts and was 
impressed by how passionate its residents were about preserv-
ing the state’s natural splendor. Baldwin described the area as 
“ground zero” for conservation planning. 
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These huge animals are surprisingly approachable. 
But this also causes problems. Some tourists are 

too bold and are getting injured.” 

Chattanooga

After leaving the Smokies, Betty, 
Julian, and Ella returned to their home in 
Clemson. But Baldwin wanted to make 
one final trip on his own. So he went to 
the University of Tennessee at Chatta-

nooga to meet with Andy Carroll, the GIS 
manager for the Center of Academic and 

Innovative Technologies. 
“Andy and I drove down Lookout Mountain, 

which looms over the valley of the Tennessee River 
where there had been battles during the Civil War,” Baldwin 

says. “And Andy described how conservationists around Chatta-
nooga are achieving complementary goals by protecting historical 
sites that also serve as habitat corridors. This reinforced the main 
thing I learned from the sabbatical: The more reasons you have 
to conserve a place, the more likely it’s going to happen. People 
are connected to the lands. Emotions can get them to take out 
their checkbooks.” 

Baldwin is writing a book about his research. The moun-
tains he learned to know and love so well will play a major role in 
his story.

“My family and I—and Betty and I, as professionals—brought 
back to Clemson an experiential perspective on people and the 
land,” Baldwin concludes. “And it continues to influence how 
we teach and communicate research. It’s naïve for academics to 
think our research will do much in the world unless we are will-
ing to reach out to the people and places we are writing about. 
Betty takes busloads of students around the region. I spend a lot 
of time explaining conservation science to local conservationists 
from here to Maine.”

Robert F. Baldwin is an associate professor of conservation           
biology and geographical information systems in the College of                        
Agriculture, Forestry and Life Sciences. Elizabeth Dennis Baldwin                                                                                
is an associate professor in the Department of Parks, Recreation and         
Tourism Management, College of Health, Education and Human 
Development.

Jim Melvin is a writer for Clemson’s Public Service and                  
Agriculture.

“For many years, they have had programs to 
help salamanders cross roads when they’re mi-
grating in the spring,” Baldwin says. “The 
local citizens go out in the middle of the 
night in a rainstorm and fill buckets 
with frogs and salamanders on one side 
of the road and move them to the other 
side. When I talk to my students about 
this here at Clemson, it always seems to 
blow them away. Education filters into 
the community—and then people think, 
‘Oh, this is something we should do.’” 

Hawk Mountain

The family next drove to Hawk Mountain 
Sanctuary, an international center for raptor conservation, 
observation, and research located along the Appalachian flyway 
in eastern Pennsylvania. The sanctuary has been a hawk-migra-
tion monitoring site since the 1930s.

“Hawk Mountain is an example of interpretation that re-
minds us why conservation is important to us as humans,” Betty 
Baldwin says. “They use art and information to help visitors of 
all ages explore why the mountain serves as a funnel for raptors 
on the eastern edge of North America—and also where it fits into 
conservation on a global scale.”

The Blue Ridge Parkway

The family then drove down through Virginia along the 
Blue Ridge Parkway in the southern Appalachians. Baldwin met 
with several colleagues during this part of the trip, including Jeff 
Walters, an ecology and conservation biologist at Virginia Tech.

“Jeff has worked with endangered species management a lot, 
and he believes that scientists need to provide relevant informa-
tion and let the policy makers make the decisions,” Baldwin says. 
“This is not something I entirely agree with. I think we need to 
be a little bit more involved. We need to provide sound informa-
tion and, when necessary, advocate for the use of that informa-
tion. You can’t just hand them a piece of paper.”

The Smoky Mountains

It was now late November, and the long journey was nearing 
its end. The family was weary but also brimming with wonderful 
memories. But one final stop remained—the Smoky Mountains, 
where Rob had proposed to Betty twenty-five years ago. So being 
there with their kids made the visit extra special.

They stayed a week at Cade’s Cove, a verdant valley that is 
one of the Smokies’ most popular destinations. 

“We did a bunch of hikes,” Baldwin says. “And then we 
spent a couple of days at Oconaluftee Valley observing the elk. 
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A  SC IENT IF IC 
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P H O T O S  B Y  C R A I G  M A H A F F E Y

SARA RIGGS,
ASSISTANT
PROFESSOR 
OF INDUSTRIAL 
ENGINEERING
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Called a “selective attention task,” this video meme began as 
a real-world experiment measuring human perceptual limitations. 
Derren Brown, a well-known British magician, gave a nod to the 
test in his stage magic show, Enigma, in which he used perceptual 
limitations to trick his willing audience. I missed the man in the 
gorilla suit that time too.

 Sara Riggs, an assistant professor in the Department of 
Industrial Engineering, designs and tests systems in which we 
can’t trick ourselves. Her work in the field of cognitive ergonom-
ics focuses on accounting for human cognitive and perceptual 
limitations, and developing displays that support people in vari-
ous work environments.

“There’s a lot we have to take into account,” Riggs explains. 
“It’s actually very methodical in the way that we go about doing 
this, because it’s based on science, on findings from previous 
studies that inform how we go about doing things. We’re pulling 
from different studies, from multiple disciplines, including, but 
not limited to, psychology, engineering (e.g., industrial, systems), 
human-computer interaction, and ethnography.”

But what are the cognitive and perceptual limitations Riggs 
considers?

Well, for one thing, a human being can only viably process 
so much perceptual information at one time.

“For data overload, there is a threshold that may vary slightly 
from one person to another of how much visual information we 
can attend to at once,” Riggs says, “while also keeping it in work-
ing memory so that we can use it later on.”

This can be applied to auditory limitations as well. Over 
time it becomes easy to “tune out” repetitive sounds so that we 
can focus on the task at hand. But if the sound we tune out is 
the beep-beep-beep of a heart monitor, and that beeping flatlines 
without a doctor or nurse noticing, then that’s a case of a human 
limitation that could put a patient at risk.

“So we have to have the right attention, and if there’s a 
change, we have to be able to notice that,” Riggs says. “Based on 
our ability to perceive the world, we have certain limitations in 
how we can perceive it.”

Cognitive limitations can be categorized as biases or 
heuristics. As an example, Riggs cites confirmation bias, where 
a person starts out with a hypothesis and searches the environ-
ment for clues to support it. Confirmation bias exists because it 
has benefits. It’s a shortcut that speeds up the deduction process. 
But, Riggs says, “If you’re going in the wrong direction, this will 
work against you.

“That’s usually the purpose of these heuristics and biases 
in terms of how we view the world,” Riggs continues. “Rather 
than processing all of the information and stimuli around us, 
we become more efficient. So this is something we have to take 

into consideration when we design displays, especially in terms 
of information and how information is presented: How do we 
account for these biases, these limitations, these heuristics, in 
terms of how people are perceiving the world around them?”

Basically, where a stage magician will use our perceptions 
and cognitive limitations against us to create the illusion of 
magic, Riggs uses scientific data to flip that paradigm—so that we 
can make our limitations work for us.

WHAT DO BOEING PILOTS, ANESTHESIOLOGISTS,                    
AND MILITARY PERSONNEL HAVE IN COMMON?

In high-stress environments, where a lapse puts lives at risk, 
how can we best present information so that the right decision is 
made at the right time? As technology multiplies and data maxes 
us out, designers must confront that question for the Boeing 
pilots, anesthesiologists, and military personnel of the future.

Current state-of-the-art displays are visual and auditory, and 
an operating room, with its many beeping machines, screens, 
and readouts with zigzagging lines, is no exception. But a visual 
display must be watched. And an auditory alert affects everyone 
within hearing range. 

Riggs proposes what might be an answer: a tactile display. 
With a tactile display, Riggs says, “You can create more or less 
private displays that don’t disrupt everyone.”

Having reviewed the literature, Riggs has developed a multi-
disciplinary team of computer scientists and industrial engineers 
to help the head of anesthesiology at the Medical University of 
South Carolina devise the future of anesthesiology. “What we’re 
planning on testing, just to see if it works,” Riggs says, “is a vest 
where we place a lot of these tactor devices so that a potential 
anesthesiologist in the future can wear it and get their informa-
tion via the tactile channel.”

The tactors, similar to the technology that makes a cell 
phone buzz, are slightly larger than those in a mobile device, 
but they’re designed so that Riggs can manipulate more of their 
parameters. The tactors can provide information with a combina-
tion of three methods: amplitude, frequency, and pulse pattern.

“Just by manipulating those parameters, you can convey a 
lot of different information if you assign them appropriately,” 
Riggs says.

The vest itself would have similar parameters set for every-
one—rather than every anesthesiologist being able to custom-
design their own—so that anesthesiologists could move from vest 
to vest with greater ease. The personalization would occur in an 
adjustable strength of stimuli, so that people of differing body 
types and sensitivities would be able to set the vest so that it 
buzzes at a comfortable level. Riggs says, “We’re trying to find a 
nice medium of how to individualize this but keep it consistent 

A video popped up on my Facebook feed. 
Could I count the number of passes the basketball players wearing white made? 

I watched, and I counted. And I did not see the man in the gorilla suit march through players, 
beat his chest, and then stomp onward. 
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so that if we go from one operating room to another there isn’t 
confusion as to ‘what do these tactile stimuli mean?’”

When asked about the prototype’s first trial, Riggs admits, 
“I’m kind of a guinea pig in terms of when my students are test-
ing these things. I’m pretty active in the lab.”

In order to test the vest, Riggs and her students will create a 
mock-up operating room, bring in participants, train them on the 
task, and then ask them to perform that task (a) with the current 
state of technology vs. (b) with the new technology they’re testing. 

Participants, whether they’re pilots or lit majors, have similar 
perceptual and cognitive limitations, so Riggs intends to start 
them out with doing a simplified version of what an anesthesiolo-
gist would do before bringing an actual anesthesiologist. Once 
they get to that stage, Riggs will be able to present a very polished 
product.

Right now, Riggs nears the end of a different study. She’s 
working on displays for military personnel to control unmanned 
aerial vehicles (UAVs). Currently it takes three people to monitor 
one UAV: They watch its status, reroute as necessary, and respond 
to chat messages. But the military’s grand vision is to have one 
person monitoring up to nine UAVs.

“If you want to talk about data overload, that’s a prime  

example,” Riggs says. “So the challenge is how we can best sup-
port the operators so that they are best able to do that.”

In Riggs’s UAV experiment, one person tracks the health 
status and chat messages, and reroutes sixteen UAVs. “So it’s a lot 
of tasks,” Riggs says, which to me sounds like an understatement. 
But, she says, skilled gamers have one up on the rest of us and 
find this level of multitasking relatively straightforward.

Working under the assumption that most people must look 
at a display to engage with it, Riggs uses an eye tracker to deter-
mine how people juggle these UAVs. The eye tracker not only col-
lects data on where people look and for how long, but it can also 
provide insights on participant accuracy and response times.

After the participants have taken part, Riggs debriefs them 
to discuss what their strategy was when managing these sixteen 
UAVs. Soon Riggs will be analyzing the data and the participant 
feedback to understand how her proposed design worked. 

Previously, Riggs worked with Boeing pilots on designing 
next-generation cockpits. Current technology is still radar-based, 
and the industry would prefer to shift that to satellite-based 
information that can show real-time changes regarding weather 
data, for example. Riggs found tactile displays could convey 
information—though less information than visual or auditory 

RIGGS (CENTER) WORKS WITH STUDENTS ON A PROTOTYPE OF A VEST THAT COULD HELP 
ANESTHESIOLOGISTS SAVE LIVES. THE VEST CONVEYS INFORMATION THROUGH THE 
TACTILE CHANNEL, ENABLING QUICKER RESPONSE TIMES.
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displays, which can convey language, because there is no tactile 
language. Yet most importantly, she also discovered that, “the 
response times in the tactile channel can trump that to auditory 
and visual.”

In high-stress environments, when a split-second decision 
determines life or death, that could be a critical finding indeed.

Work continues in determining which sensory channel 
should be used to convey what information. Riggs will be “using 
a sense of touch to augment visual and auditory displays, which 
are state of the art for most environments now, and honing in 
on the benefits of a sense of touch to convey different types of 
information in the most appropriate manner.”

BRIDGING THE BOUNDARIES BETWEEN 
SCIENTIFIC DISCIPLINES, MAN, AND MACHINE

“The main part of being an engineer is fixing a problem,” 
Riggs says. But these days, the multifaceted problems of our 
increasingly technology-dependent culture aren’t something that 
one person can tackle alone. They require a team from multiple 
disciplines and across many agencies.

Riggs seeks “collaborations with external funding agencies 
outside the university.” Her anesthesiology project works in 
combination with the Medical University of South Carolina. 
Her UAV project receives military funding. NASA and the FAA 
actively look for academic partners to work with them on the 
future of aviation.  

Then there are the teams that Riggs puts together. The 
anesthesiology project, for example, draws on the expertise of 
computer scientists, industrial engineers, and medical profes-
sionals. As Riggs says, each experiment is “a combination of 
science and technology.”

The experiments themselves draw on previous studies in 
multiple disciplines. Controlling for variables in each experi-
ment requires a regimented process and methodical procedures, 
so that Riggs can be sure they’re testing the variable they wish 
to test. 

“Getting all of the pieces to come together can be a hurdle,” 
Riggs says. “But I feel at the end of the day that’s very rewarding.”

What Riggs is searching for from all of these experiments is 
information that’s applicable to more than one domain. Whether 
it’s telemedicine in the ICU environment or monitoring UAVs, 
Riggs wants to extract principles. 

As technology becomes more and more complex, more scien-
tists like Riggs will be working to determine the best interfaces 
to bridge the gap between man and machine. Riggs says that her 
experiments give her “hope that my work will solve the linger-
ing questions that will need to be addressed in a future with the 
advent of new technology.”

Whether it’s in the operating room or in a cockpit, it’s 
guaranteed our future selves will be processing and picking out 
patterns from more data than ever before. With personalized 
signals sent to each individual, we’ll respond faster than ever to 
real-time, changing situations. It’ll be so intuitive, so easy, it’ll 
look like sleight of hand—but only because it’ll be designed by 
science to take advantage of human limitations. 

Sara Lu Riggs is an assistant professor in the Department of 
Industrial Engineering at Clemson’s College of Engineering and Science. 
Jemma Everyhope-Roser is the interim editor of Glimpse.

THIS TACTOR, SIMILAR TO THE TECHNOLOGY THAT MAKES A CELL PHONE BUZZ, 
IS DESIGNED SO THAT RIGGS CAN MANIPULATE PARAMETERS LIKE AMPLITUDE, 
FREQUENCY, AND PULSE PATTERN. 
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Tail

Secrets
from aSeahorse

BY R .  R .  MCCARTHY

HANS H ILLEWAERT,  W IK IMEDIA  COMMONS

glimpse 60



Michael Porter 
first began 
studying 
seahorses 
when his 
Ph.D. adviser, 

at the University of California-San Diego, handed him a seahorse 
and asked him to look at its armor. It seems strange to think that 
there’s any strength in a teeny seahorse at all, but it can withstand 
crushing forces better than many other animals. The trick is an 
interlocking mechanism that joins its bony plated armor together, 
allowing the tail to be highly flexible and impact resistant. Like 
other scientists, Porter has learned that it’s not only the composi-
tion of a material that makes a difference. Its configuration can 
be extremely important, too.

Porter directs the Natural Engineering Lab, whose 
mission is to integrate engineering with the study 
of biological materials and organisms for cross-
disciplinary research. He wants not only to 
create sustainable designs—such as new 
mechanical devices and robotics—but also 
to learn more about natural systems and 
how they fit into their environments.

Porter says he has always been fas-
cinated with how, and why, things work 
as they do. An avid surfer, he has spent 
most of his life near beaches around the 
country exploring aquatic life. Nowadays, 
when he hears the surf is up, he still likes 
to get away occasionally to the coast of South 
Carolina or Florida.

At Clemson, Porter has continued his research on 
the seahorse, focusing his attention on the animal’s prehensile 
tail, with a structure that is markedly different from other tails. 
A cross-section reveals that the animal’s tail is a series of square 
boxes, each composed of four interlocking, right-angled plates. 
It’s not cylindrical as is, say, a monkey’s tail. It has external plat-
ing that’s organized to hold on to objects. Its structure is quite 
complicated; it has external plating that surrounds the vertebrae 
column, with ball-and-socket, peg-and-socket, and gliding joints. 
The four angular, overlapping plates that make up each square 
unit of the tail are bony, but they contain a lot more collagen 
than ordinary bone. The collagen makes the plates flexible, allow-
ing them to bend without breaking, but the mineral content of 
the bones makes them stiff. Bones usually are composed of about 
65 percent stiffening mineral and 35 percent collagen. The plates 
in a seahorse tail have a mineral content of only 40 percent, 
which allows them to deform under pressure and then spring 
back when other bones would ordinarily be broken or crushed. 

Porter printed out a three-dimensional model of a seahorse 
tail and a hypothetical round tail for comparison. He then sub-
jected the two tails to a series of tests to gauge their strength, im-
pact resistance, and flexibility. The seahorse tail was stiffer than 
the cylindrical tail and also able to absorb more energy. When 
subjected to compressive forces, the seahorse tail flattened out, 
but, once released, it fell back into place. At high-stress locations, 
the seahorse tail has joints that prevented failure. When Porter 

twisted the seahorse tail replica and then released it, he found 
that it returned to its resting position. The square design of the 
seahorse tail gives it more surface contact when grasping objects.

He concluded that the seahorse’s square tail is, in many 
ways, better than the cylindrical tail. It’s stiffer and stronger, as 
well as being more elastic. His paper on the research, “Why the 
Seahorse Tail is Square,” was published in a recent issue of Science 
magazine. The musculoskeletal structure of the tail may lead to 
future robotics applications. But that’s not why Porter is studying 
it, he says. His motivation is to learn more about the basic sci-
ence, the biomechanics of the tail. 

Fall semester at Clemson, Porter designed and taught an 
undergraduate mechanical engineering class on biomimetics and 
bioinspired design. He laughs when he talks about the amount of 
work required to plan, research, and execute a new course, add-

ing that he’s looking forward to teaching it the second 
time. Bio-design is a cutting-edge topic: Across 

the country, engineers are studying all sorts of 
animals and insects on the micro and nano-

level, and are designing devices based on 
their findings—wall-climbing robots with 
the same directional adhesive abilities as 
geckos, a cane for sight-impaired people 
based upon bats’ ability to navigate with 
ultrasonic echoes, and the tapered nose 
of a Japanese bullet train with a design 

derived from the beak of a kingfisher. 
Porter says he wanted to introduce bi-

ology to undergraduates “who may not have 
had any biology since high school.” Students 

learned not only about bio-design, but also about 
biomimetics (the study of how various aspects of nature 

can be mimicked to solve human problems), structural biopoly-
mers, biological materials science, surface textures, and animal 
locomotion, among other topics. He taught the mechanics of 
biology, solid mechanics, and fluid mechanics.

Nakul Ravikumar is a doctoral student in mechanical 
engineering and a teaching assistant in Porter’s lab. Because, he 
confesses, he hadn’t had a biology course in years, he audited 
the class. He says the students were excited about bio-design and 
seemed to enjoy learning the topics, especially locomotion and 
flight. 

“He talked about biology in the beginning and then linked it 
to mechanics,” Ravikumar says. “He concentrated on aquatic and 
ground locomotion and flight. And when it came to prehensile 
abilities, he talked about his research on the seahorse tail.”

The course has helped Ravikumar think about possibly col-
laborating with other departments for his doctoral research. He 
believes that in using biomechanics “we can reduce the waste we 
produce. Green energy is so important.”

Michael Porter is an assistant professor of mechanical engineering 
in the College of Engineering and Science. R. R. McCarthy is a freelance 
writer based in Athens, Georgia.

Bio-design 
is a cutting-edge topic: 

Across the country, engineers 
are studying all sorts of 

animals and insects on the 
micro and nano-level, 

and are designing devices 
based on 

their findings
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Stephanie Barczewski explains that the 
topic for her new book, Heroic Failure 
and the British (Yale University Press, 

2015), came to her largely by way of Antarctica.

“In my previous work on two prominent 
British explorers of the early twentieth century, 
Robert Falcon Scott and Ernest Shackleton, I 
was intrigued by the fact that although these 
men failed to achieve the primary goal of their 
expeditions to the South Pole, they became 
celebrated heroes in England anyway,” says 
Barczewski, who has taught British history at 
Clemson for twenty years. Her book on these 
two explorers, Antarctic Destinies: Scott, 
Shackleton and the Changing Face of Hero-
ism, was published in 2007.

In doing research for this earlier book, Barc-
zewski noted a curious trend: British explorers 
and military leaders who failed to achieve their 
goals, sometimes in costly and dramatic fash-
ion, were often celebrated and honored—by 
widespread public acclaim, with statues, and 
in some cases, knighthood. Trying to under-
stand this puzzling mindset led her to write her 
recently published book.

failed heroes
Why do the British celebrate 

a lack of success so enthusiastically?
by Jeff Worley

In the Crimean War’s disastrous 
Charge of the Light Brigade, 
the British cavalry was sent 
on a frontal assault against a 
Russian artillery battery that 
resulted in a massacre. 

“In my research I wanted to answer two 
basic questions,” she says. “Do the British cel-
ebrate heroic failure more frequently and more 
enthusiastically than other cultures?  If the 
answer is ‘yes,’ then why are they so enamored 
of heroic failure?” Barczewski speculated that 
the answers to these questions might reveal a 
great deal about British identity.

THE CHARGE OF THE LIGHT BRIGADE
One of the best-known military episodes in 

British history, the Charge of the Light Brigade 
exemplifies how failure became enshrined as 
heroic in Britain. The charge took place on Oc-
tober 25, 1854, during the Crimean War. In the 
Battle of Balaclava, Lord Raglan, commander 
of the British forces, ordered the Light Brigade 
to pursue a retreating Russian force, a task 
well-suited to light cavalry. Due to miscom-
munication in the chain of command, however, 
the Light Brigade was instead sent on a frontal 
assault against an artillery battery—one well-
prepared with excellent fields of defensive 
fire. The battery was deployed at the end of a 
mile-long valley and flanked on both sides by 
additional guns that fired down from above. 

 Library of Congress

glimpse 62



close focus

The Light Brigade’s action was in defi-
ance of every basic principle of the use 
of cavalry in warfare, Barczewski states. 
Of the approximately 670 men who 
participated in the charge, almost three 
hundred were killed, wounded, or taken 
prisoner, and this massacre took barely 
twenty minutes from start to finish. The 
assault ended with no significant gains. 

But despite the fact that the charge 
was a debacle, the survivors came home 
as heroes, even those officers who may 
have been involved in the string of errors 
and misunderstandings that led to the 
slaughter of so many British troops. Bar-
czewski chronicles this public reaction in 
her chapter titled “The Charge.”

Captain Soame Gambier Jenyns, for 
example, returned from Balaclava to his 
familial home, Bottisham Hall in Cam-
bridgeshire. A large crowd cheered him 
as he rode into the village on his horse, 
Ben, another survivor of the charge. The 
parish priest observed that “it must have 
been gratifying to our gallant friend to 
see the welcome accorded, while there 
was not a man, woman or child, but what 
turned out to do him honour.” Two years 
after he retired from the army, Jenyns 
died. His funeral cortege in Bottisham 
featured a military band and a column 
of Hussars; Ben, now twenty-five years 
old, was led behind the coffin. Hundreds 
of people packed the church and the 
surrounding streets. After the coffin was 
placed in the family vault, three volleys 
were fired by a rifle team, followed by a 
trumpet flourish. A memorial was later 
installed in the chancel of Bottisham 
church, highlighting the fact that Jenyns 
was a survivor of the Charge of the Light 
Brigade.

“Jenyns’s example illustrates how 
this military debacle was enshrined as 
a heroic failure,” Barczewski says. “The 
survivors became celebrities who were 
feted at annual banquets and, as the 
decades passed, were given lavish public 
funerals. This was despite the fact that 
the charge had been a total disaster.”

RACE TO THE SOUTH POLE
Heroic failures in Britain were not only 

military. In her research, carried out over 
four years in over a dozen archives in the 
United Kingdom and the United States, 
Barczewski discovered that from 1850 

on, numerous British explorers were 
unsuccessful in achieving their primary 
goal. Captain Scott’s second expedi-
tion—which attempted to be the first 
to discover the South Pole—is a prime 
example. 

Scott’s march south began in October 
1911. Leaving nothing to chance, Barc-
zewski explains, Scott devised an elabo-
rate system of transport, using newly 
invented motor-sledges (the precursor to 
today’s Sno-Cats), ponies, and dogs, all 
of which were loaded on in New Zealand. 
He realized the limits of man-hauling 
(sleds pulled by men), but even so, 
decided it was to be the sole means of 
transport for the crucial last stages of the 
journey to the South Pole and for virtually 
the entire journey back.

The task was demanding enough in 
itself, but at the eleventh hour Scott was 
surprised to learn that he had competi-
tion. The Norwegian explorer Roald 
Amundsen, who had led the first expedi-
tion to sail through the Northwest Passage 
from 1903 to 1906, had intended to be 
the first to reach the North Pole, but after 
Frederick Cook and Robert Peary both 
claimed to have gotten there in 1909, he 
turned south instead. 

It was not until Scott reached Mel-
bourne in the summer of 1910 while on 
his way to Antarctica that he received a 
telegram simply stating: “Am going south 
Amundsen.” Amundsen had sent Scott 
the telegram because explorers honored 
an unwritten code requiring them to be 
straightforward about their plans. Scott 
readily understood what this meant: 
Amundsen was a veteran polar explorer 

whose abilities were not in doubt. He 
was, moreover, only trying to reach the 
South Pole, whereas Scott intended to 
carry out an extensive scientific program 
as the team made its southern journey. 
Scott opted not to alter his plans, but he 
recognized that Amundsen was likely 
to win the race. He did: The Norwegian 
reached the South Pole on December 
14, 1911. Slightly over a month later, on 
January 16, 1912, Scott and his men 
were ten miles from the Pole when they 
saw a black flag fluttering in the snow, 
irrefutable evidence that they had been 
beaten.

Scott’s journey had been a struggle 
from the start, and after being trumped 
by Amundsen, a series of tragedies befell 
the five-man polar party. They burned an 
enormous amount of calories daily due 
to the physical exertions of man-hauling, 
and their food supply was dwindling. 
The men were gradually starving to 
death. Their progress slowed so that they 
reached their next supply depot (laid by 
the expedition the previous season) with 
little food or fuel to spare. One man col-
lapsed and died. Another, who had been 
suffering badly from frostbitten feet and 
from scurvy, bid his mates goodbye and 
left the tent one night to die in the cold. 
Two days later, Scott and his remaining 
two companions were pinned in their 
tent by a blizzard. The tent became their 
tomb.

JUSTIFYING FAILURE
The news of Scott’s death did not 

reach Britain until February 1913. By this 
time, a narrative had taken shape that 
justified Scott’s failure to beat Amundsen 
to the South Pole by claiming that the 
Norwegians had cheated. By not telling 
Scott, and the world, that he was going 
for the South rather than the North Pole 
until the last minute, Amundsen had 
not played the game fairly and had not 
allowed an honest competition to take 
place.

From all across the United Kingdom, 
people sent condolences, poems, and 
other communications to the families of 
the dead. These expressions of sympathy 
flowed in from all ranks of society. There 
were frequent descriptions in newspapers 
and elsewhere of the kind of heroism 
Scott and his companions had 

Scott (left) led the doomed Terra Nova expedi-
tion to the South Pole. Barczewski questions 
why Scott’s failure is commemorated in 
London. 

 Library of Congress
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represented, which focused on their endurance, fortitude, and 
self-sacrifice. The unpredictable Antarctic weather was seen as 
the main reason for the disaster, not any errors of planning or 
deficiencies on the part of the explorers.

COMMEMORATING FAILURE
In Waterloo Place in central London, just south of Piccadilly 

Circus, a statue of Scott stands alongside memorials to the 
Crimean War and the Arctic explorer Sir John Franklin, who 
died along with 148 of his men while leading an expedition to 
discover the Northwest Passage in the 1840s.

“Waterloo Place represents a strange use of London’s urban 
space for commemorative purposes,” Barczewski says. “Most 
of its monuments recall events—the Crimean War and the polar 
expeditions of Franklin and Scott—that were failures rather 
than triumphs. Why, one might ask, would such a prominent 
and precious space in London be used to commemorate these 
particular events and persons?”

The answer, she says, relates to a strain in British culture that 
embraces the nobility of suffering, defeat, and heroism in the 
face of disaster over triumph and the glory of victory. 

“In this conception of heroism,” Barczewski states, “effort, 
perseverance, pluck, and grace under pressure are seen as 
more important than winning.”

But why is heroic failure so prominent in British culture? 

Barczewski argues that answering that question requires an 
understanding of the role of the British Empire, which reached 
a peak of economic and strategic importance in the nineteenth 
century. “A growing number of historians in recent years have 
reminded us of the true nature of the violent and coercive forces 
that built and sustained the empire,” she says. “It was important 
for the British to see themselves not as aggressive, authoritarian, 
and violent imperial conquerors, but as benevolent administrators 
who had acquired much of their colonial territory by accident, 
who ruled it with a velvet glove rather than an iron fist, and who 
often sacrificed their own lives in order to benefit the places over 
which they ruled.

“Heroic failure arose from British power and dominance, and 
from the need to provide alternative narratives of empire that 
distracted from its real-life exploitative and violent aspects by 
emphasizing an idealized version of the nation’s character,” Bar-
czewski says. “The British wanted to be seen not as conquerors 
but as representatives of a nation that was doing good in the 
world.”

Stephanie Barczewski is a professor of history in the College of 
Architecture, Arts and Humanities. Jeff Worley is a freelance writer 
and poet who lives in Lexington, Kentucky.

FINDING HER  
ACADEMIC CALLING

During her two 
decades at Clemson, 
Barczewski has written 
books, articles, book 
chapters, book reviews, 
and given presentations 
at conferences in the 
United States, the United 
Kingdom and Ireland—all 
focused on British history. 

Where did this intense interest come from?

“My passion for British history can be pinpointed to a 
very specific moment,” Barczewski explains. “In January 
1989, when I was beginning my second semester as a 
junior at Columbia University, I was an English major but 
needed a fifth class to fill out my schedule. I decided, 
somewhat arbitrarily, to take David Cannadine’s British 
History Since 1832 class and was enthralled from the 
minute I sat down. Professor Cannadine, who now teach-
es at Princeton and is one of the most distinguished 
British historians in the world, was the most amazing 
lecturer I had ever heard. I loved the class.” 

In her senior year Cannadine agreed to supervise an 
independent study project Barczewski wanted to un-
dertake. “He spent hours patiently and enthusiastically 
discussing and improving my work,” she says, and at 
this point her English degree was, so to speak, history.

“I was well and truly hooked,” Barczewski laughs. “I 
knew I was on the right academic path.” Barczewski 
went on to attend graduate school at Yale University, 
where her dissertation was supervised by Cannadine’s 
equally distinguished wife, Linda Colley. “So I was 
incredibly lucky to be mentored by two such brilliant 
British historians,” Barczewski says.

BUT WHAT IF…?
But when asked what she thinks she might have done 

professionally if this academic path hadn’t opened for 
her, Barczewski doesn’t hesitate.

“If I could do anything else in the world besides what 
I am doing now, I would be an Imagineer for the Walt 
Disney Company, a history consultant to help them 
design Disney theme parks. I think it’s fascinating to try 
to present meaningful history to a mass audience whose 
entryway to history is through simply having fun.” 

When she was a child and a teenager, her parents 
took her to the Magic Kingdom “quite a few times,” 
Barczewski says, adding that the experience somehow 
became embedded in her DNA. 

“And actually I go more now than when I was a kid!”
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THIS HABITAT CONNECTIVITY MAP, created by  
Paul Leonard, a postdoctoral fellow who works on 
conservation planning in the Baldwin lab, funded 

by the Appalachian Landscape Conservation Coopera-
tive, shows the routes of animals like black bears, timber 
rattlesnakes, and Rafinesque big-eared bats. 

Off-the-shelf software would’ve taken two and a half 
years to compute the millions of linear algebraic equations 
used to generate a map like this. But using the Palmetto 
cluster supercomputer to combine billions of bytes of 
data, including satellite photographs and the information 
from hands-on fieldwork, Leonard produced maps in 
a mere two days. These geospatial maps, which model 
habitat connectivity for South Carolina and the south-
eastern United States, account for habitat corridors and 
ranges as well as natural and artificial areas “resistant” to 
animal movements, such as mountains, rivers, cities, and   
highways. 

Due to the map program’s ability to zoom in and zoom 
out, Baldwin (see page 47), who works closely with  
Leonard, says, “We can see patterns influencing local 
animals like box turtles, as well as wide-ranging animals 
like black bears.”

By understanding the routes and areas animals actu-
ally use, through uniting computation with conservation, 
maps like this can help the federal government and 
conservation groups develop effective strategies that span 
states but also serve local populations. Or, as Leonard 
says, “The maps provide novel information that can help 
all these sources come up with smart and effective con-
servation plans.”
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EVEN THE MOST 
INNOVATIVE IDEAS 
NEED A HOME.

THE WATT FAMILY INNOVATION CENTER will 
enable critical, breakthrough thinking with 
the best technology, faculty, and visualization, 
modeling and simulation labs and equipment — 
all the right resources in the most conducive 
environment. Cross-disciplinary, collaborative, 
solution-focused. THIS IS HOW THE FUTURE OF 
EDUCATION LOOKS.    
clemson.edu/centers-institutes/watt

CLEMSON RETHINKS THE CLASSROOM, REINVENTS EDUCATION

In Wole Oyekoya’s lab, Clemson students create avatars, or realistic 3-D representations of 
people. Animations like these are already proving useful in fields such as psychology, Oyekoya 
says, because a researcher can set up scenarios, including violent conflicts, and study how 

human subjects react without exposing anyone to harm. This kind of research would be unethical 
and impractical without visualization.

In almost every field of science and scholarship, including the humanities, people are discover-
ing the power of visualization and finding ways to use it. Page 28.



glimpse 67

EVEN THE MOST 
INNOVATIVE IDEAS 
NEED A HOME.

THE WATT FAMILY INNOVATION CENTER will 
enable critical, breakthrough thinking with 
the best technology, faculty, and visualization, 
modeling and simulation labs and equipment — 
all the right resources in the most conducive 
environment. Cross-disciplinary, collaborative, 
solution-focused. THIS IS HOW THE FUTURE OF 
EDUCATION LOOKS.    
clemson.edu/centers-institutes/watt

CLEMSON RETHINKS THE CLASSROOM, REINVENTS EDUCATION



Office of the Vice President for Research
and Clemson Public Affairs
Trustee House, Fort Hill Street
Clemson, SC 29634-5611

THIS PAST YEAR, Andrew Mount mentored a 
student, Paris Smith, as part of the National 
Science Foundation’s Research Experience 
for Undergraduates (REU) program. Smith 
rendered spectrographic tracings of solar 
storms and bursts of energy from Jupiter. 
Mount, a biologist and an amateur astronomer 
who uses lasers in his biological research, 
says visualizing data from his studies is much 
like visualizing data from space. 

“When you analyze energy,” Mount says, 
“whether it’s energy from Jupiter or energy 
from the sun or laser energy, the rules of 
physics are the same.” 

As new technologies create opportunities for 
researchers to collaborate across disciplinary 
lines, data visualization is reshaping scientific 
enterprise. Page 28.

Image credit: NASA’s Goddard Space Flight Center/

NASAJPL.
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